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1 Introduction 
Please note that for each site, the photographs demonstrating the most 

distinguishing pathological alterations for each individual are included in Chapters 7-9 

in the main text. In many cases, the same differential diagnoses were considered for 

different individuals with physical impairment (e.g. tuberculosis, leprosy, 

osteomyelitis). Palaeopathological characteristics of these diseases or conditions 

along with their clinical symptoms are discussed at the end of this appendix in Section 

22. In-text directions are provided when reference to these sections is necessary. 

Table 1.1 provides the site code abbreviations utilised for the 19 sites analysed. For 

each individual, the number following the site code is the skeleton number assigned 

by the original excavators. Table 1.2 provides the abbreviations for commonly used 

terminology in this appendix.  

 

Table 1.1- Site code abbreviations. 

Site Site code 
Early Anglo-Saxon 

Apple Down AD 
�%�X�W�O�H�U�¶�V���)�L�H�O�G BF 
Edix Hill EH 
Finglesham FS 
Norton East Mill NEM 
�6�W�����$�Q�Q�H�¶�V���+�L�O�O SAH 
Watchfield WF 
Windmill Hill WMH 
Worthy Park WP 

Middle Anglo-Saxon 
�%�H�Y�L�V�¶�V���*�U�D�Y�H BGR 
Bishopsmill School BMS 
Burwell BW 
Staunch Meadow SM 
Water Lane WL 

Later Anglo-Saxon 
Black Gate BLG 
Elstow Abbey EA 
Priory Orchard PO 
Raunds RD 
�6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K SPC 
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Table 1.2- Abbreviations for common terms used. 

Term Abbreviation 
Absent A 
Aneurysmal bone cyst ABC 
Ankylosing spondylitis AS 
Brachial plexus palsy BPP 
Centimetre cm 
Cerebral palsy CP 
Cerebrovascular accident CVA 
Cervical C 
Continued �F�R�Q�W�¶�G 
Diffuse idiopathic skeletal hyperostosis DISH 
Distal interphalangeal DIP 
Duchenne muscular dystrophy DMD 
External auditory meatus EAM 
Femoral neck angle FNA 
Giant cholesterol cyst GCC 
Hair-on-end HOE 
Hypertrophic osteoarthropathy HOA 
Inferior zygapophyseal joint IZJ 
Langerhans cell histiocytosis LCH 
Left L 
Legg-Calvé-Perthes disease LCP 
Lumbar L 
Lumbar degenerative kyphosis LDK 
Metacarpal MC 
Metacarpophalangeal MCP 
Metatarsal MT 
Metatarsophalangeal MTP 
Millimetre mm 
Monomelic amyotrophy MMA 
Number No. 
Osteoarthritis OA 
Periosteal new bone PNB 
Proximal interphalangeal PIP 
Psoriatic arthritis PsA 
Right R 
Rheumatoid arthritis RA 
Sacroiliac joint SIJ 
Sacrum S 
Slipped capital femoral epiphysis SCFE 
Superior zygapophyseal joint SZJ 
Thoracic T 
Tuberculosis TB 
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2 Apple Down 

2.1 Qualitative comparison of palaeopathological analysis 
 Pathological but non-physically impairing lesions observed by the current 

author in the random sample of 30 individuals were mentioned specifically by Harman 

(1990) (e.g. fibular fracture in AD-19, ankylosis of two cervical vertebrae in AD-63, and 

bilateral periosteal new bone (PNB) on the tibiae and fibulae in AD-12). Harman (1990) 

also mentioned fusion of L3 and L4 in AD-7B, which was considered potentially 

physically impairing by the current author due to the reactive appearance of the new 

bone growth. Thus, the previous palaeopathological analysis was comprehensive and 

did not differ signifi�F�D�Q�W�O�\���I�U�R�P���W�K�H���F�X�U�U�H�Q�W���D�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V�� 

 

2.2 Detailed differential diagnoses 

2.2.1 Apple Down 7B 

 AD-7B was a middle adult female. There is ankylosis of L3 and L4 with 

preservation of the intervertebral disc space (Figure 2.1). There is bony bridging of 

irregular texture extending from the inferior right and left borders of L3, which joins 

with irregular bony bridging extending from the superior right and left borders of L4. In 

the bony bridging on the right side, there are three perforations (probable cloacae) 

with rounded margins (anterior: 8mm x 5mm; middle: 3mm x 3mm; posterior: 6mm x 

6mm). In the bony bridging on the left side there is an oval perforation with rounded 

edges (8mm x 6mm). The remainder of the lumbar vertebrae appear normal with the 

exception of some mild osteophytic lipping on L5.   
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Figure 2.1- Ankylosis of L3 and L4 of AD-7B with reactive, irregular bony bridging. © The Novium 

Museum (a service provided by Chichester District Council). All rights reserved. 

 

Differential diagnoses for the alterations observed in L3 and L4 of AD-7B 

include tuberculosis (TB) (Section 22.4) and vertebral osteomyelitis (Section 22.1.1). 

Although TB causes ankylosis of adjacent vertebrae (Resnick 2002l), there is no 

evidence of vertebral body collapse in AD-7B, and there is a large amount of reactive 

bone growth, which is uncommon in TB (Waldron 2009: 95), making this diagnosis 

less likely. 

Vertebral osteomyelitis is a more likely diagnosis for this individual, particularly 

because of the multiple cloacae identified, and because this disease is most commonly 

found in the lumbar vertebrae (Resnick 2002j). However, vertebral osteomyelitis 

(along with TB) commonly involves uneven destruction of the adjacent endplates, loss 

of intervertebral height, and lytic destruction of the vertebral body, alterations which 

are not present in AD-7B (Lehovsky 1999; Resnick 2002j). It is possible that AD-7B 

died before these alterations manifested. In some cases kyphosis may occur if the 
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vertebral bodies are sufficiently destroyed (Lehovsky 1999), however this was not 

observed in AD-7B. 

Although there was no obvious deformity of the spine, it is probable that AD-7B 

was physically impaired in life due to the potential for neurological deficit (sensory loss, 

weakness), and the tenderness, pain, and swelling caused by the lumbar infection 

(Lehovsky 1999; Resnick 2002j; Zimmerli 2010), which may have limited normal 

movement and participation in social and economic activities.  

 

2.2.2 Apple Down 39 

 AD-39 was a young adult male (although the current author recorded AD-39 as 

a middle adult male). The entire proximal third of the right femoral shaft is displaced 

posteriorly and laterally due to a fracture of the proximal shaft with no evidence of 

infection. When the femur is placed in anatomical position, the entire distal joint 

surface of the femur is rotated laterally (Figure 2.2).  

 
Figure 2.2- Lateral rotation of the distal end of the right femur of AD-39. © The Novium Museum (a 

service provided by Chichester District Council). All rights reserved. 

 

Fractures of the femoral shaft are caused by significant, violent force which can 

result in femoral shortening and, due to the strength and number of attached muscles, 

significant displacement and angulation of the femoral shaft (Resnick 2002n), as 

observed in AD-39. The fracture occurred after growth had ceased in AD-39 as the 

remainder of the femur is normal in shape, and there is no significant shortening of the 
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bone. In life, AD-39 probably had abnormal, outward rotation of the right leg which 

may have resulted in an altered gait, rendering him visually distinctive and preventing 

normal participation in social and economic activities.  

 

2.2.3 Apple Down 60 

 AD-60 was an adolescent between 16-17 years of age at death and was of 

indeterminate sex. The state of fusion of the epiphyses provided a general age range 

of c.13-18 years, with the fusing lesser trochanter providing a more specific age range 

of 16-17 years (Table 2.1) (Scheuer and Black 2000). The dental eruption confirmed 

the age range provided by epiphyseal fusion: the first and second permanent 

mandibular molars were fully erupted (>13.5 years), while the third permanent 

maxillary molar had not erupted (14.5-16.5 years) (AlQahtani et al. 2010). 

 

Table 2.1- State of epiphyseal fusion in AD-60. 

Epiphysis Status Age range (years) 
Femoral head Fusing 12-19 
Lesser trochanter Fusing 16-17 
Greater trochanter Fusing 14-18 
Medial humerus Fused >13 
Distal tibia Unfused <18 
Proximal tibia Unfused <19 

  

While the lower limb long bones of this individual are normal in shape, they are 

considerably more slender and gracile than average. The long bones of AD-60 were 

compared with the long bones of AD-79 who was 15-17 years old at death. As 

evidenced in Figure 2.3, the lower limb long bones of AD-60 are much shorter and 

more gracile than the lower limb long bones of AD-79, who was of a similar age at 

death. While the upper limb long bones of AD-60 are more gracile and slender than 

those of AD-79, the length discrepancies are not as marked, and the right humerus of 

AD-60 is actually longer than the right humerus of AD-79 (Figure 2.4). The femoral 

neck angle (FNA) of the right femur of AD-60 is larger than average (Figure 2.5). There 

is no scoliosis observable in a majority of the vertebrae that are present. 
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Figure 2.3- Right tibiae of AD-60 (bottom) and AD-79 (top). © The Novium Museum (a service 

provided by Chichester District Council). All rights reserved. 

 
Figure 2.4- Right radii of AD-60 (bottom) and AD-79 (top). © The Novium Museum (a service provided 

by Chichester District Council). All rights reserved. 

 
Figure 2.5- Increased FNA of the right femur of AD-60. © The Novium Museum (a service provided by 

Chichester District Council). All rights reserved. 
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 The long bone measurements of AD-60 are provided in Table 2.2 to 

demonstrate the extent of the atrophy observed in this individual. Unfortunately, due 

to the asymmetrical fusion of the proximal and distal epiphyses of most of the long 

bones, it was impossible to use these long bones to estimate an age for this individual 

utilising the diaphyseal length (Scheuer and Black 2000). However, the left tibia is 

unfused on both ends, and its length of 292mm provides an age estimate of 10-11 

years (Scheuer and Black 2000). Thus, if this individual was 16-17 years old, they 

were extremely stunted with the long bone length of a 10-11-year-old. 

 

Table 2.2- Long bone measurements for AD-60.  

Bone Measurement R (mm) L (mm) 

Humerus 
Maximum length1 284 277 
Epicondylar breadth 54 51 
Maximum diameter at midshaft 19 18 

Radius 
Maximum length2 212 206 
Max head diameter 18 - 

Ulna Maximum length2  238 233 

Femur 

Maximum length2 245 - 
Maximum head diameter 36 - 
Subtrochanteric anterior-posterior diameter 23 - 
Subtrochanteric medial-lateral diameter 22 - 
Midshaft anterior-posterior diameter 18 19 
Midshaft medial-lateral diameter 16 17 

Tibia 
Maximum length3  - 292 
Anterior-posterior diameter at nutrient foramen 16 16 
Medial-lateral diameter at nutrient foramen 18 17 

Fibula Maximum length 271* and 276* 
NB: 1=proximal epiphysis not included, distal epiphysis included; 2=proximal 
epiphysis included, distal epiphysis not included; 3=neither epiphysis present; 
*=un-sided. 

 

The level of bony atrophy observed in the lower limbs of AD-60 suggests limited 

use or complete disuse of the legs. In addition, the large FNA of the right femur is 

indicative of a weakening of the hip muscles which commonly occurs during paralysis 

(Resnick 2002h). While the upper limbs do not appear as stunted in terms of length, 

they are certainly very gracile. Perhaps if AD-60 was unable to walk, they were also 

less active in general, which led to some disuse atrophy of the upper limbs.  

Differential diagnoses for the condition observed in AD-60 include pituitary 

dwarfism and various diseases or conditions that cause paraplegia or quadriplegia 
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(Section 22.7.1). As the long bones of AD-60 do not show any abnormality of shape 

(besides being noticeably gracile), types of dwarfism that cause disproportionate short 

stature, including the most common form, achondroplasia (which usually results in 

disproportionate shortening of the proximal elements of the limbs), can be excluded 

(McAlister and Herman 2002; Waters-Rist and Hoogland 2013).  

Pituitary dwarfism (hypopituitarism) is the most common form of proportionate 

dwarfism and is considered here as a differential diagnosis. Individuals with 

hypopituitary dwarfism have bones of reduced length and width, and epiphyseal fusion 

is delayed significantly (Resnick 2002o; Ortner 2003: 422). Kosowicz and Rzymski 

(1977) studied 48 individuals with pituitary dwarfism and found that there were delays 

in the shedding of the deciduous teeth and in the eruption of permanent teeth. 

Kosowicz and Rzymski (1977) also provide clinical data from these cases which 

include chronological age, height, bone age (from epiphyseal fusion), and dental age. 

For individuals with a bone age of between 16-17 years (similar to AD-60), 

chronological age varied from 19-30 years with dental ages between 11-12 years. 

Thus, if this individual did have pituitary dwarfism, they may have been older than 16-

17 years of age at death. 

Roberts (1987) describes a case of possible pituitary dwarfism from Roman 

Britain. Similar to AD-60, the long bones were small and gracile with poorly developed 

muscles. Ortner (2003: 424) describes a probable case of pituitary dwarfism from a 

site in New Mexico: the individual was older than 12 years due to the fusion of the 

acetabulum and distal humerus and the eruption of second permanent molars, 

however Ortner (2003: 424) proposes that the individual was probably closer to 20 

years of age at death. Ortner (2003: 424) describes the individual as having slender 

and short long bones, small hand and �I�R�R�W���E�R�Q�H�V���R�I���U�H�J�X�O�D�U���V�K�D�S�H�����D�Q�G���D�Q���³�X�Q�X�V�X�D�O�O�\��

�O�D�U�J�H�´���W�R�U�V�L�R�Q���D�Q�J�O�H���R�I���W�K�H���O�H�I�W���I�H�P�X�U, as was observed in AD-60. However, because 

AD-�����¶�V upper limb long bones are not particularly short in comparison to an individual 

of similar age, pituitary dwarfism is a less likely diagnosis as all long bones and other 

bones would be equally smaller.  

Paraplegia of the legs seems a more likely diagnosis for this individual, 

particularly because of the lack of muscle attachments and the increased FNA These 

alterations suggest that not much weight was put on the lower limbs during 

development, causing the femoral neck to develop at an abnormal angle. As discussed 
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in Section 22.7.1, various conditions can cause paraplegia, but it is beyond the scope 

of this project to go into these in too great of depth. Although the pattern of paralysis 

observed in AD-60 matches well with Duchenne muscular dystrophy (DMD) (lower 

limbs affected before upper limbs), scoliosis develops in 90-95% of patients with DMD 

between 10-14 years (Sussman 2002). There was no evidence of scoliosis observed 

in AD-60, thus DMD is a less likely diagnosis for this individual. Although an increased 

FNA is associated with poliomyelitis, the paralysis of both arms and legs due to 

poliomyelitis is very uncommon among non-adults (0% of children 0-5 years of age 

with poliomyelitis; 9.1% of children 6-15 years of age with poliomyelitis), therefore 

poliomyelitis is a less likely diagnosis for this individual. 

Cerebral palsy (CP) commonly causes paralysis and atrophy of multiple limbs 

(Shevell et al. 2003) and therefore this condition is a possible diagnosis for AD-60. 

Because children with severe CP have difficulty with feeding practices, linear bone 

growth is significantly affected (Stallings et al. 1993), and spastic quadriplegic children 

exhibit severely reduced bone mass (King et al. 2003). Thus, if AD-60 experienced 

difficulty eating and a non-ambulatory status, these conditions would certainly help to 

explain the significantly shorter and more gracile lower limb long bones. In addition, 

the FNAs (c.140° in the right femur) are much larger than average, an alteration which 

is commonly found in individuals with CP (Morrell et al. 2002). There is no evidence of 

hand/foot deformities or scoliosis, which are also commonly observed in individuals 

with CP, however it is possible that AD-60 did not live long enough for these sequelae 

to manifest osteologically.  

A forensic case describes skeletal remains of a modern 21-23-year old 

individual who was diagnosed with severe CP which are very similar in appearance to 

the skeletal remains of AD-60. Although this individual was 21-23 years old, many of 

the epiphyses (proximal femur, acetabulum, etc.) which should have been fused for 

an individual of this age were unfused. This is consistent with other research that found 

an association between CP and delayed skeletal and dental maturation (Ihkkan and 

Yalçin 2001; Rodrigues dos Santos et al. 2003). Therefore, if AD-60 did have CP, it is 

possible that they were older than 16-17 years of age at death. 

In summary, AD-60 appeared to have paraplegia of the legs, and possible 

partial disuse atrophy of the arms. Neither DMD, poliomyelitis, nor CP match the 

skeletal alterations observed in AD-60 perfectly, although they remain possibilities as 
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the common skeletal manifestations of these conditions will not occur in every case. 

Other possible diagnoses resulting in paralysis of the limbs include trauma to the 

spinal cord, transverse myelitis, tumours, and hereditary spastic paraplegia (Section 

22.7.1). Because of the lack of other skeletal alterations besides long bone gracility, a 

specific diagnosis for AD-60 is not possible, but CP is probably a more likely diagnosis.  

Although a definitive diagnosis is unclear, the functional impacts can still be 

considered. As the lower limbs of AD-60 were probably paralysed, they would not have 

been able to walk or move around independently, and they probably would have 

required external care-giving to ensure survival (see Volume 2, Section 10.2.2.9). In a 

clinical study investigating quality of life in individuals who had experienced spinal cord 

injury, the most common consequence of their paralysis was urinary and anal 

incontinence, muscle spasms, and pressure ulcers (Blanes et al. 2009). Although 

spinal cord injury may not have caused the lower limb paralysis observed in AD-60, 

the functional impacts are likely to be similar, suggesting that AD-60 may not have 

been able to maintain their hygiene independently. If in addition, AD-60 also had partial 

or total upper limb paralysis, the use of the arms would have been restricted, and 

normal participation in social and economic activities would have been further limited. 

Thus, AD-60 would have been visually distinct with atrophied legs, possible atrophied 

arms, and, as it is likely that they required assistance to move about, the surrounding 

community would have been aware of their physical impairments. In addition, if the 

condition causing the paraplegia of the legs was DMD (Nardes et al. 2012), CP 

(Krigger 2006), or hereditary spastic paraplegia (Fink 2003), there is a possibility that 

AD-60 also lived with mental impairment which would have further distinguished them 

from their surrounding community. The inability to walk normally and live 

independently would have severely limited normal participation in social and economic 

activities, and therefore AD-60 represents a clear case of physical impairment.   

 

2.2.4 Apple Down 111 

 AD-111 was an older adult who was probably female. There is severe 

osteophytic lipping around the entire circumference of the right femoral head along 

with slight deformation in the shape of the joint (Figure 2.6). The most severe area of 

lipping is on the inferior aspect of the femoral head with an osteophytic spur that curves 

medially. There is an area of focal macroporosity on the superoposterior aspect of the 



 

12 
 

right femoral head. The right acetabulum has been enlarged and there is a focal area 

of macroporosity on the lateral half of the joint surface. When articulated, the bony 

spur of the right femoral head articulates with the anterior aspect of the right 

acetabulum, resulting in the medial rotation (adduction) of the entire femur. This 

probably resulted in restricted range of motion in the right hip.  

 There is also osteophytic lipping around the entire circumference of the left 

femoral head with the most severe lipping on the inferior aspect (Figure 2.7). The 

osteophytic spur does not curve medially, so relatively smooth articulation with the 

acetabulum is possible.  

 
Figure 2.6- Osteophytic lipping of the right femoral head of AD-111. © The Novium Museum (a 

service provided by Chichester District Council). All rights reserved. 
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Figure 2.7- Osteophytic lipping of the left femoral head of AD-111. © The Novium Museum (a service 

provided by Chichester District Council). All rights reserved. 

 

Following the guidelines for the diagnosis of palaeopathological osteoarthritis 

(OA) provided by Waldron (2009: 33-34), it is clear that this individual had bilateral OA 

of the hip joints. Clinically, femoral osteophytes have been closely linked with 

adduction deformities, as observed in this individual (Lloyd-Roberts 1953; Jeffery 

1975). The functional impact of hip OA will vary between individuals and it will certainly 

not always be physically impairing. However, because the hip OA observed in AD-111 

resulted in an adduction deformity, the individual probably walked with an abnormal 

gait, which may have rendered AD-111 visually distinct in terms of locomotion. Other 

clinical symptoms of hip OA include diffuse pain throughout the anterior groin with 

radiation to the buttocks and into the knees or shins, restricted and painful movement 

of the joint, and difficulties with long periods of walking (Doherty et al. 2005). However, 

it must be kept in mind that the experience of and sensitivity to pain is variable between 

individuals (Mogil 1999).  
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Whether or not the condition observed in AD-111 would have been physically 

impairing in life is not certain. She was an older adult and, as OA is associated with 

increasing age (Ortner 2003: 547), it is likely that conditions such as hers were not 

uncommon. Although it is difficult to say how long she lived with the adduction 

deformity, while present, this condition would certainly have altered her gait, potentially 

making economic and social participation more difficult. 

 

2.2.5 Apple Down 120 

 AD-120 was a middle adult female. There is an area of indentation immediately 

posterior to the external auditory meatus (EAM). The mastoid is deformed: the medial 

posterior aspect is severely flattened with no remaining convexity and the posterior 

border thins to a sharp edge. Superior to the mastoid and posterior to the EAM, there 

is an oval perforation with thin but rounded edges (10mm x 8mm). Inside the 

perforation there is evidence of remodelling and smoothing of the trabeculae. The size 

of this infracranial cavity was impossible to measure with the tools available. There is 

another small perforation (2mm x 2mm) superior to the EAM but anterior to the larger 

perforation. The EAM appears to be unaffected. 

Differential diagnoses for the observed lesion include malignant metastases 

(lymphoma, nasopharyngeal carcinoma, and histiocytosis), osteomyelitis, severe 

mastoiditis, giant cholesterol cyst (GCC), and acquired or congenital cholesteatoma 

(epidermoid cyst). Malignant metastases can be excluded as skeletal involvement 

tends to manifest as multiple lytic lesions with irregular and poorly demarcated margins 

(Graham et al. 1985; Kaufman et al. 1997). Similarly, osteomyelitis of the temporal 

bone usually results in lytic lesions with irregular margins and coalescing lesions 

(Kaufman et al. 1997), neither of which were observed in AD-120. A type of severe 

�P�D�V�W�R�L�G�L�W�L�V���� �D�O�V�R�� �N�Q�R�Z�Q�� �D�V�� �%�H�]�R�O�G�¶�V���D�E�V�F�H�V�V���� �F�D�X�V�H�V�� �S�H�U�I�R�U�D�W�L�R�Q�� �R�I�� �W�K�H�� �D�S�H�[�� �R�I�� �W�K�H��

mastoid around the digastric groove, with pus spreading as far as the sternomastoid, 

trapezius, and splenius muscles (Jose et al. 2003). As there was no perforation of the 

actual mastoid, this condition can also be excluded. 

Waltner and Karatay (1947) describe the clinical findings of a patient who 

presented with a painless, symptomless lump behind the ear, and make note of a large 

cavity which occupied the entire mastoid process and indented the petrous portion of 

the temporal bone and the adjacent occipital bone. Graham et al. (1985) provide a 
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review of all the clinical reports that describe similar lesions to that described by 

Waltner and Karatay (1947), and concludes that these lesions were probably all GCCs 

of the petrous apex.  

GCCs of the temporal bone, which are more common in females, cause smooth 

erosion of the petrous portion by the growing mass (Goldofsky et al. 1991). They cause 

b�R�Q�\���O�H�V�L�R�Q�V���W�K�D�W���D�U�H���H�L�W�K�H�U���³�V�F�O�H�U�R�W�L�F���Z�L�W�K���V�K�D�U�S���E�R�U�G�H�U�V���R�U���W�K�L�Q�Q�H�G���W�R���D�Q���L�Q�F�R�P�S�O�H�W�H��

bony rim where the lesion expands intracranially�´��(Graham et al. 1985: 1405), as was 

observed in AD-120. GCCs are slow-growing and if significant bone erosion occurrs, 

the cranial nerves can be affected causing neurological deficits (Graham et al. 1985; 

Goldofsky et al. 1991). Some of the patients described by Graham et al. (1985) 

exhibited signs of hearing loss, headaches, facial tics, partial facial 

paralysis/numbness, otalgia (ear pain), tinnitus, and vertigo.  

Epidermoid cysts or cholesteatoma are similar to GCCs in that they can expand 

intracranially (Resnick 2002w), can cause indentation of the temporal bone (Holley 

2016), and can involve destruction of both tables of the skull, as observed in AD-120 

(Kaufman et al. 1997; Holley 2016). Large, undiscovered cholesteatomas can result 

in intracranial hypertension, hearing loss, vertigo, and facial paralysis (Resnick 2002w; 

Mafee and Nozawa 2014). 

As differentiation between a cholesteatoma and a GCC is difficult without the 

use of magnetic resonance imaging and live tissue, it is uncertain which of these two 

conditions AD-120 experienced in life (Mafee and Nozawa 2014). It is clear from 

palaeopathological analysis that the condition was long-standing, as the cyst had 

destroyed and remodelled a large cavity of the petrous portion, had created an 

indentation on the external surface of the squamous portion of the temporal bone, and 

had deformed the mastoid process. Although the EAM was not affected, it is highly 

likely that AD-120 experienced some symptoms, as such a large mass would impinge 

on cranial nerves potentially causing hearing loss, facial paralysis, and vertigo.  

It is difficult to say with certainty that this individual was physically impaired as 

the extent of her symptoms is unclear. Had she been deaf in one ear, she still would 

have been able to participate socially, albeit in a slightly less efficient fashion than 

others in the community. Facial paralysis and vertigo could also have made her 

visually distinctive with abnormal facial expressions and irregular movement patterns 

due to dizziness. However, it would be inappropriate to determine that AD-120 was 
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definitively physically impaired. Her pathological alterations do not allow for a specific 

enough description of symptoms in life, particularly because the clinical literature 

describes much variability in the symptoms that individuals with either GCCs or 

cholesteatomas experience. 

 

2.2.6 Apple Down 152 

AD-152 was a young adult male. The appendicular skeleton is affected by 

diffuse, porous and smooth compact bone deposition across the shafts of the long 

bones, sparing the joint surfaces. The pathological alterations observed in AD-152 are 

provided in Table 2.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.3- Descriptions of the pathological alterations observed in AD-152. 

Region Description 
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Skull 

Mandible: Porous PNB on lateral and medial aspects of R and L ascending rami 
Frontal: Extensive destruction of central/left side of frontal bone�Æ some is 
probably lytic and some is probably taphonomic 

- Posterior, lateral edge of area of destruction is possibly pathological in 
nature: 

- Oval perforation of the outer table with thin but rounded edges 
- Following this perforation posteriorly along the edge of the lesion�Æ 

more evidence of thin but rounded edges  
- One cranial fragment with three islands of remaining outer table with 

somewhat rounded edges (Figure 2.8) 
- The remaining area of destruction is probably due to taphonomic processes: 

- Surface of inner table is rough and irregular 
- Colour of the inner table is different than the surrounding areas of intact 

bone�Æ some areas are darker and some are lighter 
- The most anterior edges of the area of destruction are lighter in colour 

than the rest of the bone, indicative of post-mortem breakage, and they 
are weathered in appearance rather than remodelled 

- Area of somewhat focal pitting superior to the L orbit (Figure 2.9) 

Pectoral 
girdle 

R/L claviculae: Plaques of woven PNB dispersed across entire superior surface 
(more obvious in R) (Figure 2.10) 
R/L scapulae: Layers of porous PNB concentrated on the lateral border and 
inferior to the scapular spine (Figure 2.11) 

Upper 
limbs 

R/L humeri: Smooth and porous PNB on anterior aspects of distal ends; proximal 
shafts and joint surfaces unaffected 
R/L ulnae: Slightly hypertrophic shafts due to diffuse porous and smooth PNB 
R/L radii: Slightly hypertrophic shafts due to diffuse porous and smooth PNB 
L radius: On posterior midshaft there are two irregularly shaped lesions (Figure 
2.15) 

- L lesion has ragged edges with no evidence of bony remodelling 
suggestive of post-mortem damage; R lesion has blunt, rounded edges  

- Neither lesion perforates the original cortex of the bone  
R/L hand: Hypertrophic shafts of all metacarpals (MCs) due to porous and 
compact PNB; evidence of porous PNB in phalanges 

Ribs 

R ribs: At least ten R rib shafts are affected by porous PNB, seven of which are 
hypertrophic (Figure 2.12) 
L ribs: Mild porous PNB on inferior surface of two ribs; much less affected than 
R ribs 

Pelvic 
girdle 

R/L pelves: Compact and woven PNB on area of pelvis superior and anterior to 
acetabulum 

Lower 
limbs 

R/L femora: Femoral shafts are hypertrophic due to diffuse compact PNB 
(porous, smooth, and striated) 
R/L tibiae: Tibial shafts are hypertrophic due to diffuse compact PNB (porous, 
smooth, and striated) (Figure 2.13) 
R/L fibulae: Fibular shaft are hypertrophic due to diffuse compact PNB (porous, 
smooth, and striated); swelling most noticeable at distal ends (Figure 2.14) 
R/L feet: Hypertrophic shafts of all metatarsals (MTs) due to both porous and 
compact PNB; evidence of porous PNB in phalanges  
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Figure 2.8- Cranial fragment of AD-152 with three remaining islands of outer table with somewhat 

rounded edges. © The Novium Museum (a service provided by Chichester District Council). All rights 
reserved. 

 
Figure 2.9- Focal area of pitting on the frontal bone of AD-152 superior to the left orbit. © The Novium 

Museum (a service provided by Chichester District Council). All rights reserved. 
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Figure 2.10- Plaques of PNB on the superior aspect of the right clavicle of AD-152. © The Novium 

Museum (a service provided by Chichester District Council). All rights reserved. 

 
Figure 2.11- Layers of PNB deposition on the lateral aspect of the right scapula of AD-152. © The 

Novium Museum (a service provided by Chichester District Council). All rights reserved. 
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Figure 2.12- Comparison between the hypertrophic right ribs and mostly unaffected left ribs of AD-

152. © The Novium Museum (a service provided by Chichester District Council). All rights reserved. 

 
Figure 2.13- Hypertrophic right tibia of AD-152 showing diffuse, integrated, irregular new bone growth. 

© The Novium Museum (a service provided by Chichester District Council). All rights reserved. 

 
Figure 2.14- Hypertrophic right fibula of AD-152 (more noticeable at the distal end). © The Novium 

Museum (a service provided by Chichester District Council). All rights reserved. 
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Cole and Waldron (2010) present this skeleton as a probable case of syphilis 

as evidenced by early caries sicca in the skull and diffuse, bilateral PNB formation 

throughout the post-cranial skeleton. A separate palaeopathological analysis and 

differential diagnosis was performed by the current author. 

 

2.2.6.1 Cranium 

Differential diagnoses for the lytic lesions observed in the cranium include TB, 

multiple myeloma (Section 22.11), Langerhans cell histiocytosis (LCH) (Section 

22.10), osteomyelitis, and treponemal disease (Section 22.3). TB can be discarded as 

lesions in the skull are rare, and in general are singular and tend to affect the inner 

table more than the outer table (Ortner 2003: 248). 

Multiple myeloma is considered but excluded as it leads to sharply defined, 

punched out lytic lesions of uniform size which affect the inner and outer tables (Ortner 

2003: 377). Similarly, LCH is considered but excluded, as it creates sharply defined 

punched-out holes with bevelled edges (Azouz et al. 2005). Neither of these conditions 

are associated with lytic lesions that match those observed in AD-152. 

While osteomyelitis of the skull is rare and usually results from the spread of an 

infection from the frontal sinus into the frontal bone, expansion into the parietal bones 

is possible (Ortner 2003: 193). Infection from an external source tends to create lytic 

lesions surrounded by sclerotic bone which are larger on the outer table than on the 

inner table (Ortner 2003: 194). Osteomyelitis of the skull creates lytic lesions with 

irregular margins (Adelstein and Courville 1933) which can coalesce, giving the entire 

�D�I�I�H�F�W�H�G�� �D�U�H�D�� �D�� �³�P�R�W�K-�H�D�W�H�Q�´�� �D�S�S�H�D�U�D�Q�F�H��(Kaufman et al. 1997: 204). While 

osteomyelitis could potentially explain the large lytic lesion located on the superior 

aspect of the skull, it cannot explain the focal area of small, sharp, circular lytic lesions 

on the frontal bone.  

 Caries sicca, which is pathognomonic of treponemal disease, generally 

progresses from focal areas of clustered pits, which eventually grow and coalesce into 

larger lesions as defined by Hackett (1981). The area of focal pitting observed on the 

left frontal bone can possibly be explained as a Stage 1 in the Hackett Series, however 

the pits observed in AD-152 are more diffuse than might be expected for early caries 

sicca.  
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2.2.6.2 Post-cranium 

 PNB in the post-cranial skeleton can be caused by a number of conditions 

which are discussed in more detail in Section 22.8. The distribution of the PNB 

formation observed in AD-152 matches most closely with treponemal disease and 

hypertrophic osteoarthropathy (HOA). 

 

2.2.6.2.1 Treponemal disease (Section 22.3) 

Treponemal is a possible differential diagnosis for the pathological alterations 

observed in AD-152. Gummatous lesions are typical of treponemal disease (Ortner 

2003: 286), and are frequently sharply defined and surrounded by an area of reactive 

osteoblastic bone growth (Aufderheide and Rodríguez-Martín 1998: 160). Cole and 

Waldron (2010) came to the conclusion that AD-152 represents a probable case of 

syphilis, and that the lesions observed in the left radius are gummatous. However, on 

close examination (Figure 2.15), the lesions do not have the classic gummatous 

appearance: the edges of the lesions are blunt and rounded rather than thin and 

sharply defined, the lesions do not appear to penetrate the cortex of the bone, and 

there is no obvious sclerotic bone growth surrounding the margins. In fact, the margin 

of lesion on the left in Figure 2.15 (red arrow) is possibly post-mortem due to the lack 

of bony remodelling. 

There was a clear separation between the cortex and the PNB in some of the 

bones of AD-152, and there was no evidence of medullary occlusion in the radius, 

alterations which are less characteristic of treponemal disease. However, this does 

not exclude treponemal disease as a possible diagnosis. Because the skeletal 

changes associated with treponemal disease are longstanding, different areas of the 

skeleton will be affected at different times as the disease progresses. Thus, it is 

possible to see pathological alterations more typical of the later and earlier stages of 

the disease in the same individual. 
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Figure 2.15- Close up of the irregular lesions on the posterior midshaft of the left radius of AD-152.    

© The Novium Museum (a service provided by Chichester District Council). All rights reserved. 

 

Osteologically differentiating between the variations of treponemal disease 

which can cause osseous changes (syphilis, yaws, and bejel) is extremely difficult, if 

not impossible (Hackett 1976: 15; Ortner 2003: 274). However, osseous changes, 

particularly periostitis, are usually not as severe in cases of bejel (Farnsworth and 

Rosen 2006). Thus, either syphilis (congenital or acquired) or yaws remain the most 

likely possibilities if AD-152 did indeed have treponemal disease. As there were no 

�O�H�V�L�R�Q�V�� �F�R�Q�V�L�V�W�H�Q�W�� �Z�L�W�K�� �F�R�Q�J�H�Q�L�W�D�O�� �V�\�S�K�L�O�L�V�� ���0�R�R�Q�¶�V�� �P�R�O�D�U�V���� �+�X�W�F�K�L�Q�V�R�Q�¶�V�� �P�R�O�D�U�V���� �R�U��

sabre shin), this diagnosis can be excluded (Waldron 2009: 108). 

The first stage of syphilitic infection occurs three to six weeks after exposure 

and causes a skin ulceration (chancre) which subsequently heals (Kent and Romanelli 

2008). The second stage of infection occurs about six weeks later with a skin rash. At 

this stage, patients can also experience syphilitic meningitis and cranial nerve 

involvement which can result in deafness and ocular abnormalities (Kent and 

Romanelli 2008). There is then a period of latency, after which the final stage (tertiary 

syphilis) may occur up to 30 years after the initial infection (Waldron 2009: 103). 

Clinical symptoms associated with this stage include boring bone pain, swelling of soft 

tissue, fever, tenderness, and headaches (when the skull is affected) (Resnick 2002l). 

See Table 2.4 for the stages of syphilis and their associated clinical manifestations. 
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Table 2.4- Clinical manifestations of the different stages of syphilis. Source: Kent and 
Romanelli (2008: 228). 

Syphilis stage Symptoms 

Primary  - Chancre 
- Regional lymphadenopathy 

Secondary  

- Rash 
- Alopecia 
- Malaise 
- Muscle pain 
- Fever 
- Anorexia/weight loss 
- Headache 
- Sore throat 
- Syphilitic meningitis 

- Severe headache 
- Confusion 
- Nausea/vomiting 
- Stiff neck 
- Deafness 
- Optic neuritis 

Tertiary  

- Gummatous syphilis  
- Gummatous lesions of the skin/bone/liver 
- Nasal/palate perforation 

- Late neurosyphilis 
- Apathy 
- Vertigo 
- Seizure 
- Aphasia 
- Progressive dementia 
- Lightning pains 
- Paraesthesia 
- �&�K�D�U�F�R�W�¶�V���M�R�L�Q�W 
- Optic abnormalities 

 

The first stage of yaws occurs two to four weeks after exposure and causes a 

crusty skin ulceration also known as a mother yaw which tends to form on the buttocks 

or lower limbs (Farnsworth and Rosen 2006). The second stage of infection occurs 

weeks to months after the original infection with smaller, ulcerating skin lesions around 

the orifices (mouth/nose), hyperkeratotic growth of the palms/soles of the hands/feet, 

(which frequently gets infected causing an irregular gait), and periostitis in the hands, 

forearms, legs, and feet (Farnsworth and Rosen 2006). General symptoms consist of 

joint pain, swelling lymph nodes, and malaise (Farnsworth and Rosen 2006). The 

tertiary stage occurs five to ten years later and affects about 10% of individuals with 

yaws (Farnsworth and Rosen 2006). In the tertiary stage, the cutaneous involvement 

is much more noticeable: oozing gummatous nodules become large ulcers with 

significant necrotic tissue and scarring (Farnsworth and Rosen 2006). There is a 
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recurrence of the hyperkeratotic growth on the palms/soles of the hands/feet, and the 

periostitis becomes more severe (Farnsworth and Rosen 2006). Saddle-nose 

deformity is common along with bowing of the tibiae, gummatous lesions on the 

periarticular aspects of the bones, and exostoses of the paranasal maxillae (gondou) 

(Farnsworth and Rosen 2006). 

As there is skeletal involvement, AD-152 may have reached the tertiary stage 

of syphilis or the secondary stage of yaws. If AD-152 did have syphilis, it is also 

possible that he may have experienced the neurological symptoms listed in Table 2.4. 

If AD-152 had treponemal disease, this individual would have experienced visible 

lesions and bone pain due to the extent of the periostitis observed. If AD-152 

experienced bone and muscle pain, normal participation in economic and social 

activities would have been limited. If AD-152 also experienced late neurosyphilis, it is 

probable that his behaviour would have distinguished him from others in the 

community. 

 

2.2.6.2.2 HOA (Section 22.9) 

HOA is also a possible differential diagnosis for the pathological alterations 

observed in AD-152. HOA is characterised by symmetrical, bilateral PNB formation on 

the distal tubular bones (particularly the tibiae and fibulae) including the metacarpals 

and phalanges (Fennell and Trinkaus 1997: 354; Ortner 2003), the skull, claviculae, 

scapulae, and calcanei (Mays and Taylor 2002), and, less frequently, the pelvis and 

ribs (Ali et al. 1980). Therefore, the distribution of PNB observed in AD-152 matches 

well with the typical distribution of PNB observed in clinical cases of HOA. Because 

both primary and secondary HOA can result in similar distribution patterns of PNB 

formation (Pineda et al. 1987), it is not appropriate to determine whether AD-152 had 

primary or secondary HOA based on PNB distribution. 

The clinical symptoms and functional impacts of HOA are discussed in more 

depth in Section 22.9, but if AD-152 had HOA, it is highly likely that this individual 

experienced deep aching or burning pain, and heat and swelling of affected areas 

which would improve upon elevation of the limb (Nahar et al. 2007). If synovial 

effusions were present, AD-152 would also have experienced joint pain, swelling, and 

restricted movement. Digital clubbing was probable, although it is unlikely that this was 

obvious to the surrounding community. If AD-152 did have primary HOA, they were 
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more likely to have cutaneous facial involvement (Yap et al. 2017), perhaps making 

them visually distinctive to their community.   

The differential diagnosis of AD-152 is difficult. Due to the lack of 

pathognomonic caries sicca lesions, definite treponemal disease can be ruled out. The 

area of pitting on the frontal bone might be considered an early stage of caries sicca, 

although the pitting is not as focal as might be expected. It is possible that there was 

further lytic destruction to the skull that can no longer be observed due to taphonomic 

damage, but without a more complete skull it is impossible to determine the cause of 

this lytic destruction. The diffuse symmetrical postcranial PNB is more characteristic 

of HOA than of treponemal disease. However, as mentioned previously, it is possible 

that the more porous, plaque-like PNB was in areas of the skeleton which had not 

been affected by treponemal disease for as long, particularly as the individual was a 

young adult. In addition, while the lesions of the right radius are not classic cases of 

gummatous lesions, they cannot be explained by HOA. Likewise, the area of pitting 

on the frontal bone cannot be ascribed to HOA. However, it is possible that AD-152 

had HOA and an un-related condition which caused the pathological alterations 

observed on the skull. Thus, treponemal disease and HOA must both be considered 

possible diagnoses for AD-152. Whether AD-152 had treponemal disease, HOA, or 

another unidentified disease, it is likely that he was impaired due to the diffuse PNB 

deposition throughout his body, which probably caused painful and swollen limbs 

(Golding 1985), potentially restricting movement and social participation.  

 

2.2.7 Apple Down 171 

 AD-171 was a middle adult of indeterminate sex (although the current author 

recorded AD-171 as a middle adult female). The shaft of the left tibia is diffusely 

covered in both porous and compact new bone deposition. The distal end, which was 

damaged post-mortem, shows evidence of thick, irregular bone formation (Figure 

2.16). A fragment of the lateral aspect of the distal end of the tibia is completely 

covered in irregular, almost coralline compact bone with an extremely lumpy 

appearance, measuring 9mm thick at its thickest point (Figure 2.17 and Figure 2.18). 

A surviving fragment of the distal end of the left fibula is entirely covered with irregular, 

jagged new bone growth. Fragments of the proximal left fibula are diffusely covered in 

porous new bone.  
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Figure 2.16- Thick, irregular bone deposition on the distal shaft of the left tibia of AD-171. © The 

Novium Museum (a service provided by Chichester District Council). All rights reserved. 

 
Figure 2.17- Irregular, coralline bone growth on a fragment of the distal end of the left tibia of AD-171. 

© The Novium Museum (a service provided by Chichester District Council). All rights reserved. 
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Figure 2.18- Very thick, irregular bone deposition on the surface of the left distal tibia of AD-171.        
© The Novium Museum (a service provided by Chichester District Council). All rights reserved. 

  

Due to the nature of the pathological alterations observed in AD-171, no specific 

diagnosis is possible, and a non-specific infection/inflammation is the most appropriate 

conclusion. It is possible that the infection was osteomyelitic, but due to the 

fragmentation of the material, it was impossible to locate a cloaca which could have 

confirmed this diagnosis. Regardless, the extreme bony proliferation on the distal end 

of the left lower limb indicates a chronic and long-standing inflammation of the 

periosteum in this area, which probably resulted in swelling, redness, heat, pain, and 

loss of function (Amft et al. 2008). These symptoms may have led to difficulty using 

the left leg, potentially rendering AD-171 distinct due to abnormal movement and 

restricting normal participation in social and economic activities.   
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3 �%�X�W�O�H�U�¶�V���)�L�H�O�G 

3.1 Qualitative comparison of palaeopathological analysis 
Pathological but non-physically impairing lesions observed by the current 

author in the random sample of 30 individuals (e.g. lumbar lipping in BF-79, spinal OA 

in BF-111, and a mandibular abscess in BF-121), were not mentioned specifically by 

Harman (1998). However, many individuals with abnormalities recorded by Harman 

(1998) were checked by the current author (e.g. OA of the hips in BF-�������³�D�E�Q�R�U�P�D�O���O�H�I�W��

�U�D�G�L�X�V�� �D�Q�G�� �X�O�Q�D�´ (48) in BF-9���� �³�D�E�Q�R�U�P�D�O�� �O�H�I�W�� �D�Q�N�O�H�´��(50) in BF-101), and all were 

deemed non-physically impairing. As Harman (1998) was recording mild and severe 

alterations, it is likely that all of the potential cases of physical impairment in the 

population were noted. Thus, the previous palaeopathological analysis was 

comprehensive and did not differ significantly from the curr�H�Q�W���D�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V�� 

 

3.2 Detailed differential diagnoses 

3.2.1 B�X�W�O�H�U�¶�V���)�L�H�O�G��6 

 BF-6 was a middle-adult male (although the current author recorded BF-6 as a 

middle adult female). From a lateral view point, the glenoid cavities in the right and left 

scapulae are absent (Figure 3.1 and Figure 3.2). The glenoid cavities have been 

displaced posteriorly on both the right and left scapulae creating false joints 

(pseudarthroses) on the posterior surfaces of the scapulae. Neither pseudoarthrosis 

has evidence of eburnation. The right pseudarthrosis resembles the tear drop shape 

of an average glenoid cavity, while the left pseudarthrosis is much more irregularly 

shaped with evidence of new bone growth. There is also evidence of porosity and 

contour change on the left acromion, indicative of secondary OA. The left and right 

humeral heads retain their normal shape but are much smaller than average (Figure 

3.3). There is still evidence of arm use as the deltoid tuberosities of both humeri are 

well-developed.  
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Figure 3.1- Absence of the glenoid cavity on the lateral aspect of the right scapula of BF-6. Produced 

with kind permission of the Corinium Museum. 

 
Figure 3.2- Absence of the glenoid cavity on the lateral aspect of the left scapula of BF-6. Produced 

with kind permission of the Corinium Museum. 
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Figure 3.3- Abnormally small right and left humeral heads of BF-6. Produced with kind permission of 

the Corinium Museum. 

 

Differential diagnoses for the pathological alterations observed in BF-6 include 

brachial plexus palsy (BPP), congenital dysplasia of the scapular neck, and posterior 

dislocation of the glenohumeral joint. Deformation due to birth injury of the brachial 

plexus is less likely as this condition is almost exclusively unilateral (Mays 2009). 

Congenital dysplasia of the scapula neck can also be excluded as, while it can cause 

some glenoid cavity retroversion and hypoplasia of the humeral heads, it usually 

results in an irregular and notched glenoid cavity, which was not observed in BF-6 

(Resnick 2002a). The pathological alterations observed in BF-6 are consistent with a 

bilateral posterior subspinous glenohumeral joint dislocation (Resnick 2002n). 

Posterior dislocation of the shoulder joint is rare, accounting for only 2-4% of 

shoulder dislocations (Resnick 2002n), and is traditionally associated with 

convulsions, particularly epileptic seizures (Poigenfürst et al. 1986). However, recent 

clinical research found that of 475 patients with posterior dislocation of at least one 

shoulder, 34% were associated with seizures, and 65% were associated with injuries 

(Rouleau and Herbert-Davies 2012). Rotator cuff tears were the most common injury 

causing posterior shoulder dislocation after fracture (Rouleau and Herbert-Davies 

2012). As there is no obvious evidence of fracture (although it could have been well-

healed), it is possible that BF-6 experienced rotator cuff tears or some sort of 

convulsion that left both shoulders posteriorly dislocated.  

This would have resulted in pain, swelling, and limitation of shoulder movement 

(Resnick 2002n), and would have made the upper body posture of BF-6 visually 
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distinctive. Individuals with posterior dislocation of the shoulder typically hold their arm 

�L�Q�� �D�� �³�V�O�L�Q�J�´��position with adduction and internal rotation (Roberts et al. 2014: 958). 

Abduction and external rotation is very painful, and potentially impossible in the case 

of BF-6 (Roberts et al. 2014: 958). Although the humeral heads were atrophied, there 

was still evidence for muscle attachment along the diaphyses. It can be assumed that 

while the upper limbs were still functional, BF-6 did not use their arms as much as the 

average individual, which may have prevented normal participation in social and 

economic activities. If the bilateral posterior shoulder dislocation was caused by 

epileptic seizures, BF-6 would certainly have been distinguishable by non-normative 

behaviour and movement, and may not have been able to participate normally in social 

and economic activities.  

 

3.2.2 �%�X�W�O�H�U�¶�V���)�L�H�O�G��65 

 BF-65 was an older adult male (although the current author recorded BF-65 as 

a middle adult male). There is well-healed trauma to the right frontal bone which has 

caused internal angulation of the area where the frontal bone articulates with the right 

greater wing of the sphenoid (Figure 3.4). There is also well-healed trauma to the right 

zygomatic bone which caused posterior and medial displacement of the frontal 

process of the zygomatic bone (Figure 3.5). The trauma to the right side of the cranium 

led to a shortening of the right side of the face in an antero-posterior direction and to 

asymmetry between the size and shape of the eye orbits (widest orbit breadth: R: 

31mm; L:36mm) (Figure 3.6). The distance between bregma and the lateral-most part 

of the frontal bone (zygomatic process) is 122mm on the left, and 112mm on the right.  
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Figure 3.4- Well-healed trauma to the right side of the frontal bone of BF-65. Produced with kind 

permission of the Corinium Museum. 

 
Figure 3.5- Slight posterior and medial displacement of the frontal process of the right zygomatic bone 

of BF-65. Produced with kind permission of the Corinium Museum. 
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Figure 3.6- Asymmetry of the eye orbits of BF-65. Produced with kind permission of the Corinium 

Museum. 

 

 It is beyond the scope of this project to determine what type of weapon caused 

the traumatic lesions observed on the cranium of BF-65. However, it can be said that 

there was significant healing as evidenced by the rounded edges of the traumatic 

lesions. Clinical research reports that fracture of the zygomatic bone can result in facial 

asymmetry and sensory deficits (Balle et al. 1982) including neurosensory 

disturbance, haematoma, malar depression, and, less frequently, trismus (lock jaw) 

and diplopia (double vision) (Kovács and Ghahremani 2001). It should be kept in mind 

that the individuals included in these clinical studies will have had access to modern 

medical treatment and possibly surgical intervention.  

While the zygomatic fracture observed in BF-65 is well-healed, it is difficult to 

determine the impairment caused by the asymmetric healing pattern, and it is possible 

that symptoms reported in clinical literature may have been worse for BF-65. It should 

also be noted that many of the cranial fractures in the clinical literature were caused 

by motor vehicle accidents, assaults, falls, and sports (Pappachan and Alexander 

2006), whereas the fractures observed in BF-65 were probably caused by some sort 

of weapon. It is possible that a weapon strike to the facial region would have caused 

more damage than modern day fracture events, and that serious damage to the right 
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eye could potentially have left BF-65 blind or visually impaired. It is also possible that 

the event or events that caused these traumatic injuries to the skull of BF-65 would 

have had long-lasting effects, as cranial trauma is known to cause permanent brain 

damage with sensory, motor, and cognitive deficits (DeKosky et al. 2010). These 

scenarios remain possibilities, but because only skeletal tissues remain, it is 

impossible to say for certain whether BF-65 actually experienced blindness or brain 

damage.  

 In summary, the extent to which the cranial trauma observed would have 

affected the physical well-being of BF-65 and his ability to participate naturally in 

society is unknown, and it would inappropriate to assume that BF-65 was definitively 

physically impaired. It is, however, likely that BF-65 would have been visually 

distinctive due to cranial asymmetry and the possibility of a large scar across his right 

cheek.  

 

3.2.3 �%�X�W�O�H�U�¶�V���)�L�H�O�G��75 

 BF-75 was a middle-adult male. T11-L2 are completely fused at approximately 

a 90º angle with the superior aspect of T11 facing anteriorly rather than superiorly. 

There are also numerous smoothed out lytic lesions on T6-T10. The pathological 

alterations observed in the spine of BF-75 are detailed in Table 3.1. C1-T5 and L3-L5 

are normal. There are lytic lesions with smoothed out interiors on the superior aspects 

of the heads of three rib fragments (right and left) (Figure 3.7). 

 
Figure 3.7- Lytic lesions on the superior aspects of the heads of right and left rib fragments of BF-75. 

Produced with kind permission of the Corinium Museum. 

Table 3.1- Descriptions of the pathological alterations observed in the spine of BF-75. 
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Bone Description 

T6 - Large, smoothed out lytic lesion on R side of body (17mm x 16mm) with a 
circular lytic lesion within this lesion (diameter= 6mm) (Figure 3.8) 

T7 

- Lytic destruction on the R side of the body 
- Three separate lesions (possibly four)�Æ all lesions have smooth, rounded 

edges and smoothed out interiors 
- Superolateral: 9mm x 8mm; inferolateral: 10mm x 6mm; superomedial: 9mm x 

7mm 

T8 

- Large lytic lesion on R side of body with smooth, rounded borders and smoothed 
out interior: 18mm x 14mm (Figure 3.9) 

- Evidence for a further lytic lesion on L side of the body with smoothing of 
trabecular bone�Æ not as advanced as R side 

T9 

- Two large lytic lesions on R side of body�Æ (lateral: 16mm x 18mm; medial: 
17mm x 10mm) (Figure 3.10) 

- Two large lytic lesions on L side of body�Æ (superior: 8mm x 9mm; inferior: 9mm 
x 6mm)  

- Contour change and porosity of both inferior zygapophyseal joints (IZJs) 

T10 

- Lytic destruction to anterior aspect of body but also highly damaged post-
mortem 

- Severe contour change, new bone growth, and porosity of all IZJs and superior 
zygapophyseal joints (SZJs)  

- Superior-inferior wedging of anterior aspect of body 

T11 - Superior aspect of body faces anteriorly rather than superiorly 
- Contour change and porosity of SZJs 

T12+L1 
- Hard to distinguish between the two elements 
- Lytic lesions on anterior aspect of T12 body 
- Irregular but smooth new bone growth on R side of L1 body (Figure 3.11) 

L2 

- Lytic lesions on R side, anterior, and superior aspects of body�Æ large, 
smoothed out cavity which takes up a majority of the space where body of L2 
and inferior aspect of L1 would have been (Figure 3.12 and Figure 3.13) 

- Inferior aspect of L2 is normal 
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Figure 3.8- Circular lytic lesion within a lytic lesion on the right side of T6 of BF-75. Produced with kind 

permission of the Corinium Museum. 

 
Figure 3.9- Smoothed out lytic lesion on the right side of T8 of BF-75. Produced with kind permission 

of the Corinium Museum. 
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Figure 3.10- Smoothed out lytic lesions on the right and anterior aspects of T9 of BF-75. Produced 

with kind permission of the Corinium Museum. 

 
Figure 3.11- Smooth, irregular bone growth on the right side of L1 of BF-75. Produced with kind 

permission of the Corinium Museum. 
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Figure 3.12- Smoothed out cavity between the inferior aspect of the body of L1 and the superior 

aspect of the body of L2 of BF-75 (anterior view of T10-L2). Produced with kind permission of the 
Corinium Museum. 

 
Figure 3.13- Large, smoothed out cavity where the body of L2 would have been in BF-75. Produced 

with kind permission of the Corinium Museum. 
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Differential diagnoses for pathological alterations observed in the spine of BF-

75 include osteomyelitis (Section 22.1.1), brucellosis, sarcoidosis, metastatic 

carcinoma, and TB (Section 22.4.1). Osteomyelitis can be excluded as it does not tend 

to cause destruction of multiple vertebral bodies or sharp kyphosis (Ortner 2003: 235). 

Sarcoidosis can probably be excluded as the finger phalanges were not affected 

(Resnick 2002u) and involvement of the spine is very rare (Rúa-Figueroa et al. 2002).  

In brucellosis, the most affected vertebrae usually demonstrate lytic destruction 

and a hemi-ring of sclerotic reaction in the anterosuperior angle of the vertebra, 

something which was not observed in T6-T10 of BF-75 (Etxeberria 1994; Capasso 

1999; D'Anastasio et al. 2011). While the nature and distribution of the lytic lesions 

observed in BF-75 do not appear to match the description of brucellar vertebral 

changes, Ortner (2003: 219) presents a case of possible brucellosis from an 

archaeological site in Norway with multifocal lytic lesions from T8-L3. Some of those 

lesions closely resemble those observed in BF-75 (Figure 3.14). However, brucellosis 

can probably be excluded as it does not tend to cause vertebral collapse and 

consequent angulation (Ortner 2003: 216). 

 
Figure 3.14- T10-T12 from a 19-year-old male from an archaeological site in Norway diagnosed with 

possible brucellosis. Source: Ortner (2003: 219). Reprinted from Identification of Pathological 
Conditions in Human Skeletal Remains, 2nd edition, Don Ortner, Infectious Diseases: Introduction, 

Biology, Osteomyelitis, Periostitis, Brucellosis, Glanders, and Septic Arthritis, 219, © 2003, with 
permission from Elsevier. 
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Metastatic carcinoma of the skeleton most commonly affects the vertebrae 

(thoracic, lumbar, sacrum in order of frequency). If the lytic lesions develop in the 

spine, eventually vertebral collapse and kyphosis can occur due to the compromised 

state of the vertebral bodies (Bilsky et al. 1999). However, skeletal metastases of the 

spine usually include smaller, circular lytic lesions on the neural arches and spinous 

processes (Aufderheide and Rodríguez-Martín 1998) which were not observed in BF-

75, making metastatic carcinoma a less likely diagnosis.  

TB remains the most likely diagnosis for BF-75. Vertebral body destruction, 

collapse, ankylosis, and kyphosis were all demonstrated in BF-75 in T10-L2 (Resnick 

2002l). Although not commonly observed in archaeological bone, the lesions 

evidenced in BF-75 can be found in cases of TB (Canci et al. 2005). The infection of 

the vertebral body and intervertebral disc can spread to the paraspinal tissues. As the 

forming paraspinal abscesses expand, they can cause erosion of the vertebral body 

�O�H�D�G�L�Q�J���W�R���³�J�R�X�J�H���G�H�I�H�F�W�V�´���Z�K�L�F�K���G�R���Q�R�W���D�I�I�H�F�W���W�K�H���L�Q�W�H�U�Y�H�U�W�H�E�U�D�O���G�L�V�F�V��(Resnick 2002l: 

2529). The paraspinal abscesses are usually bilateral and cause scalloped lesions on 

the anterior and lateral aspects of the vertebral bodies, as is evidenced in BF-75. 

Finally, the lytic lesions observed on the vertebral ends of three rib fragments are also 

consistent with TB: the spread of the infection can cause the formation of lytic lesions 

on the rib surfaces, and if the rib is perforated, chest wall abscesses may form (Ortner 

2003: 246).   

The almost 90º angle of the T10-L2 spinal unit would have resulted in a 

noticeable gibbus deformity of the lower back. Besides being visually distinctive, BF-

75 probably experienced symptoms caused by severe alterations to the spinal column 

including paraparesis or paraplegia of the lower limbs, loss of urinary/faecal control, 

pain, sensory impairment, and an abnormal gait (Section 22.4.1) (Turgut 2001; 

Resnick 2002l; Roberts and Buikstra 2003: 95), all of which probably negatively 

impacted and limited BF-�����¶�V�� �D�E�L�O�L�W�\�� �W�R�� �S�D�U�W�L�F�L�S�D�W�H�� �Q�R�U�P�D�O�O�\�� �L�Q�� �H�F�R�Q�R�P�L�F�� �D�Q�G�� �V�R�F�L�D�O��

interactions.  

 

3.2.4 �%�X�W�O�H�U�¶�V���)�L�H�O�G��134 

 BF-134 was an adolescent of indeterminate sex between the ages of 14-16 

years. The pathological alterations observed in BF-134 are provided in Table 3.2. 
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Table 3.2- Descriptions of the pathological alterations observed in the upper limbs of BF-134. 

Bone Description 

L 
humerus 

- Proximal epiphysis is displaced inferiorly and posteriorly and is fused with part 
of the diaphysis (Figure 3.15) 

- L humerus is 35mm shorter than the R 

L radius 

- Deformation of the radial head�Æ proximal joint surface is tilted so the entire 
surface is at an abnormal angle (Figure 3.16) 

- When the L radius is articulated with the capitulum, there is noticeable lateral 
angling of the bone 

L ulna 
- Trochlear notch is longer and narrower than normal 
- When articulated with the trochlea of the L humerus, the entire bone is angled 

laterally 

R 
humerus 

- Deformation of the humeral head�Æ loss of convexity of the lateral, posterior 
aspect of the joint surface 

- Porosity/contour change in capitulum with possible eburnation (Figure 3.17) 

R radius 

- Deformation of the radial head with medial extension (Figure 3.18) 
- Increased proximal shaft diameter just distal to the radial head 
- When radial head is placed into anatomical position, there is a lateral 

displacement of the entire distal two thirds of the radial shaft 

R ulna 
- The trochlear notch is longer and narrower than normal 
- When both the right radius and ulna are articulated with the humerus, there is 

a noticeable lateral angling of the forearm (Figure 3.19) 
 

 
Figure 3.15- Deformation of the left humeral head of BF-134 with inferior and posterior displacement 

of the proximal epiphysis. Produced with kind permission of the Corinium Museum. 

 

Figure 3.16- Angulation of the left radial head of BF-134. Produced with kind permission of the 
Corinium Museum. 
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Figure 3.17- Contour change, porosity, and possible eburnation of the right capitulum of BF-134. Produced with 

kind permission of the Corinium Museum. 

 
Figure 3.18- Deformation of left radial head of BF-134. Note extension of the medial aspect of the joint 

surface. Produced with kind permission of the Corinium Museum. 
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Figure 3.19- Lateral angulation of both forearms of BF-134 due to abnormal elbow articulation. 

Produced with kind permission of the Corinium Museum. 

  

It is likely that there was a well-healed but malaligned fracture of the left 

proximal humeral epiphysis which resulted in a lack of blood supply, avascular 

necrosis, and deformation of the humeral head (Resnick 2002n). Fracture of the 

humeral neck is usually caused by a fall onto an outstretched arm (Resnick 2002l). As 

BF-134 had not reached full maturity, the growth of the proximal humeral shaft was 

interrupted, causing shortening of the entire bone which is common in fractures of the 

proximal humeral epiphysis (Baxter and Wiley 1986). Callus formation may cause 

fusion of a fractured epiphysis with the metaphysis, causing termination of growth at 

this point and angulation deformity, as the unaffected aspects of the epiphysis 

continue to grow (Resnick and Goergen 2002).  

 Although there is no obvious sign of a radial neck fracture, it is likely that this is 

what caused the pathological alterations observed in the left radius of BF-134. 

Fractures of the radial head or neck in non-adults are usually caused by a fall onto an 

outstretched hand and can cause angulation of the proximal joint surface (Steele and 

Graham 1992). In a modern clinical study, Steele and Graham (1992) report that after 

reduction surgery, the average fracture angulation was 15º ranging from 15º-35º. The 

degree of angulation of the radial head of BF-134 (measured between a perpendicular 



 

45 
 

line through the articular surface and a line along the midline of the radial diaphysis) 

is approximately 30º. Symptoms associated with radial neck or head fractures are 

infrequent, but when they do occur, consist of limited range of movement, particularly 

pronation and supination (Henrikson 1969). It is therefore likely that BF-134 

experienced limited range of motion in the left elbow and would have had a slightly 

laterally angled left forearm.  

 The pathological alterations in the right humerus and radius are consistent with 

trauma to the right elbow. The increased diameter and slight displacement of the 

proximal radial diaphysis, and the deformity of the radial head are indicative of a well-

healed and relatively well-aligned fracture. Due to the alteration in shape caused by 

the fracture, the articulation of the right radial head with the capitulum of the right 

humerus was affected causing secondary OA in the elbow joint. The altered contour 

of the right radial head resulted in an abnormal angle of articulation with the humerus, 

causing lateral angulation of the right forearm. 

In summary, BF-134 experienced trauma to both upper limbs. A probable 

fracture of the left proximal humeral neck led to necrosis and deformation of the 

humeral head, which resulted in humeral shortening, probably causing the left arm to 

be held at an abnormal angle. The probable fracture of the left radial neck resulted in 

a lateral angulation of the left forearm. A probable fracture of the right radial neck 

resulted in deformation of the radial head and displacement of the proximal shaft. This 

resulted in an altered articulation with the capitulum, secondary OA, and a laterally 

angled right forearm. 

As both humeral neck fractures and radial neck fractures are commonly caused 

by a fall onto an outstretched hand, it is likely that the traumatic injuries observed in 

the left and right upper limbs occurred at the same time. Although in dry bone the 

lateral angulation of both forearms appears quite prominent, the human forearm is 

naturally angled laterally, and it is likely that this sort of abnormality was not particularly 

noticeable in life. On the other hand, the 35mm length discrepancy between the left 

and right humeri would have be visually distinctive. Due to the limb length discrepancy, 

a preference for using the right upper limb would be expected. However, the humeral 

shafts were similar in diameter. As BF-134 was young, perhaps not enough time had 

passed for noticeable atrophy of the right humerus to develop. Certainly, the shortened 

left upper limb would have made BF-134 visually distinctive, and would probably have 
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limited participation in social and economic activities that were considered normal for 

a boy or girl of that age. 
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4 Edix Hill 

4.1 Qualitative comparison of palaeopathological analysis 
Pathological but non-physically impairing lesions observed by the current 

author in the random sample of 30 individuals were mentioned specifically by Duhig 

(1998) (e.g. healed cranial depression fracture in EH-451A and a fracture of the left 

clavicle in EH-719A). Physically impairing alterations to the right elbow as well as 

femoral length discrepancies in EH-440A were discussed in depth by Duhig (1998). 

Thus, the previous palaeopathological analysis was comprehensive and did not differ 

�V�L�J�Q�L�I�L�F�D�Q�W�O�\���I�U�R�P���W�K�H���F�X�U�U�H�Q�W���D�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V�� 

 

4.2 Detailed differential diagnoses 

4.2.1 Edix Hill 29 

 EH-29 was a middle adult female (although the current author recorded EH-29 

as an older adult female). Due to the fragmented nature of the left lower limb, 

identification of specific elements was extremely difficult. There are five large 

fragments of bone, each with evidence of disorganised, compact bone formation and 

ankylosis. The largest unit, possibly the deformed proximal shaft of the left MT1 is 

fused to a mass of bone, possibly the left medial and intermediate cuneiforms. There 

is evidence of several oval holes in this unit of bone which appear to be areas where 

the ankylosis did not completely obliterate the joint space between the bones.  

 There are four other fragments (probably left MT2-M5) all of which show medial-

lateral thinning of the shafts. The proximal half of the left ?MT2 is angled medially, 

suggestive of a well-healed but malaligned fracture. Two fragments (possibly left MT3 

and MT2) show evidence of distal resorption. The proximal ends of two largest 

metatarsal fragments (possibly left MT4 and MT5) are fused to lumps of irregular bone 

(possibly the left lateral cuneiform or cuboid) (Figure 4.1 and Figure 4.2). There is an 

oval hole with rounded edges in one of these irregular bony masses, which is possibly 

a cloaca or, more likely, a gap which resulted from the ankylosis of the metatarsal and 

tarsal. There are also surviving fragments of the left tibia and fibula which show 

evidence of severe, irregular compact bone deposition as well as areas of more porous 

bone deposition (Figure 4.3). 
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Figure 4.1- Probable left MT4 of EH-29 fused with the probable left cuboid. Produced with kind 

permission of Cambridgeshire County Council. 

 
Figure 4.2- Probable left MT5 of EH-29 with possible cloaca. Produced with kind permission of 

Cambridgeshire County Council. 

 
Figure 4.3- Fragment of the left fibula of EH-29 with irregular compact bone deposition. Produced with 

kind permission of Cambridgeshire County Council. 

 Differential diagnoses for the pathological alterations observed in the left foot 

of EH-29 include various joint diseases (Section 22.5), leprosy (Section 22.2.3), 
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osteomyelitis (Section 22.1), and non-specific infection/inflammation. Erosive OA can 

be excluded as distribution was unilateral and the bones of the hands of EH-29 were 

unaffected (Resnick 2002c). Although bony ankylosis of the tarsals can occur in 

rheumatoid arthritis (RA), the metacarpophalangeal (MCP) and proximal 

interphalangeal (PIP) joints of the hands were unaffected making this a less likely 

diagnosis for EH-29, as these elements are almost always affected in individuals with 

RA (Resnick 2002s). 

Psoriatic arthritis (PsA) is characterised by erosive and proliferative changes in 

the upper and lower extremities (particularly the interphalangeal joints of the hand and 

metatarsophalangeal (MTP) joints of the feet), and bony ankylosis can occur (Resnick 

2002q). Without the foot phalanges, a more informed conclusion is not possible, but 

because the sacroiliac joints of EH-29 were unaffected (affected in 30-50% of 

individuals with PsA), this is a less likely diagnosis. 

While EH-29 exhibits signs of concentric diaphyseal remodelling of the left MT2 

and MT3 and fusion of multiple tarsals to metatarsals, both of which are common in 

leprosy (Andersen et al. 1994), only the left foot is affected. The right foot, tibia, and 

fibula were present and unaffected, therefore making leprosy a less likely diagnosis 

as lower limb involvement is usually bilateral. The viscerocranium was not present to 

absolutely rule out leprosy as a possible diagnosis. 

�5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�P�H���L�V���F�K�D�U�D�F�W�H�U�L�V�H�G���E�\���D�V�\�P�P�H�W�U�L�F�D�O���D�U�W�K�U�L�W�L�V���R�I���W�K�H���M�R�L�Q�W�V���R�I���W�K�H��

lower extremities, particularly the foot, ankle, and knee which can result in bony 

ankylosis of the small joints (Resnick 2002r). Irregular, fluffy, exuberant bone 

proliferation is common in the other tarsal bones, as is fluffy periostitis on the distal 

ends of the tibiae and fibulae (Resnick 2002r). Although the sacroiliac joints of EH-29 

were not affected as might be expected, �5�H�L�W�H�U�¶�V�� �V�\�Q�G�U�R�P�H remains a possible 

diagnosis for EH-29. 

As the PNB formation and ankylosis of the tarsals occur in a localised area, and 

the pathological alterations do not match up well with any of the more common joint 

diseases, it is more likely that the pathological alterations observed were caused by 

either osteomyelitis or a non-specific infection/inflammation. These could have been 

caused by a traumatic injury to the left foot, which is supported by the abnormal 

angulation of the left MT2. The oval perforations with rounded edges observed in some 

of the ankylosed bony units could be osteomyelitic cloacae, however they do not have 
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the classic cloaca appearance, so a diagnosis of osteomyelitis cannot be definitively 

made. 

Regardless of the cause of the pathological alterations observed in the left 

lower limb of EH-29, several general conclusions can be made. From the reactive 

bone growth on the tibia and fibula, it is clear there was an inflammation of the 

periosteum in this area, and from the ankylosis and altered shape of many of the foot 

bones, it is clear that there was a deformation of the foot. It is likely that this foot would 

have been swollen and painful, and it is possible that the ankylosis of the tarsals and 

metatarsals resulted in an abnormally shaped foot, which may have affected 

locomotion. Restricted used of the left foot due to a possible limp, pain, and swelling 

probably limited full normal participation in social and economic activities. 

 

4.2.2 Edix Hill 42B 

 Unfortunately, due to a communication error, the box containing the post-cranial 

skeleton of EH-42B was not available for analysis. The following analysis is only for 

the skull of EH-42B. 

 EH-42B was a middle adult female (although the current author recorded EH-

42B as a younger adult female). There is rounding of the nasal aperture on the anterior 

and lateral margins, resorption of the nasal spine, and porosity of the internal surface 

of the nasal aperture (superior aspect of the palate and medial aspect of the frontal 

process of the right maxilla) (Figure 4.4). Duhig (1998) reports that while there were 

no changes to the hands or feet, there was bilateral tibial periostitis. 
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Figure 4.4- Porosity of the frontal process of the right maxilla of EH-42B. Produced with kind 

permission of Cambridgeshire County Council. 

 

 The pathological alterations observed in the cranium of EH-42B are consistent 

with rhinomaxillary syndrome which is pathognomonic of leprosy or facies leprosa 

(Andersen and Manchester 1992) (Section 22.2.1). Bilateral periosteal reaction in the 

tibiae observed by Duhig (1998), which is common in leprosy (Møller-Christensen 

1961; Lewis et al. 1995; Roberts and Manchester 2010: 197), strengthens the 

diagnosis of leprosy. 

 The clinical symptoms of leprosy are discussed in more detail in Section 22.2, 

but it is likely that EH-42B experienced clogged nasal airways, excess production of 

nasal discharge, and saddle-nose deformity (Andersen and Manchester 1992). There 

were no changes noted in the hands of EH-42B, indicating that claw hand deformity 

was absent. The presence of bilateral periostitis on the tibiae and fibulae indicate that 

there may have been a disruption to sensation in the lower limbs, probably leading to 

an ulcer on the plantar surfaces of the feet and subsequent infection (Roberts and 

Manchester 2010: 197). This probably caused pain and tenderness (Resnick 2002l), 

and may have affected normal ambulation. In addition, symptoms which cannot be 

confirmed palaeopathologically were probably present, including but not limited to 

pain, nerve abscesses, skin lesions, hair loss, and ocular abnormalities (Anon 2009).  
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Thus, EH-42B would have been visually distinctive in life (fluids exiting her nose 

and mouth area, facial deformation, possible skin lesions, and hair loss etc.), and her 

community would certainly have been aware of her disease. Along with her visible 

differences, it is possible that EH-42B was physically impaired due to the infection of 

her lower limbs which may have compromised normal ambulation. This, along with 

neuropathic pain commonly associated with leprosy, may have limited EH-�����%�¶�V ability 

to participate normally in social and economic activities. 

  

4.2.3 Edix Hill 130 

 EH-130 is an adolescent of indeterminate sex between the ages of 14-16 years. 

There is diffuse, porous, new bone formation (disorganised, irregular, and spiculated) 

across the entire medial and lateral aspects of the right ilium. Some areas of the new 

bone formation appear to be transitioning from porous to more compact bone. The 

severity of the new bone formation has deformed the overall shape of the right ilium, 

giving it a lumpy appearance. There is also diffuse, porous, new bone formation 

(disorganised, irregular, and spiculated) on the right ischium and pubis (Figure 4.5 and 

Figure 4.6). There are a few plaques of porous woven bone on the anterior aspects of 

the bodies of S1 and S2.  
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Figure 4.5- Diffuse, irregular, porous new bone growth on the right pubis of EH-130. Produced with 

kind permission of Cambridgeshire County Council. 

 
Figure 4.6- Diffuse, irregular and spiculated, porous new bone growth on the right ischium of EH-130. 

Produced with kind permission of Cambridgeshire County Council. 
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 Differential diagnoses for the diffuse, spiculated, sclerotic response in the right 

pelvis include fluorosis, skeletal metastases, and non-specific osteomyelitis or 

infection/inflammation. Skeletal fluorosis can result in osteosclerotic bone formation, 

calcification of tendons and ligaments, and hyperostosis in areas of ligament 

attachment (Resnick 2002d). This primarily occurs in the axial skeleton (pelvis, spine, 

and ribs), but usually occurs in older adults (Petrone et al. 2013), making it a less likely 

diagnosis for EH-130.   

Skeletal metastasis of the pelvic bone is common (Resnick 2002v). Purely 

osteoblastic skeletal metastases are most frequently found in carcinomas of the 

prostate and sometimes carcinomas of the bladder involving the prostate (Resnick 

2002v). But, due to the age of EH-130, skeletal metastases of the prostate or bladder 

seems unlikely. There have been modern clinical cases of carcinoma of the prostate 

in non-adults, although these tend to result in osteolytic lesions, and usually involve 

the vertebrae (Shimada et al. 1980), therefore making metastatic carcinoma a less 

likely diagnosis for EH-130.  

 It is more likely that EH-130 had non-specific periostitis or osteomyelitis of the 

right pelvic bones. Clinical studies have found that osteomyelitis of the pelvis in 

children causes pain in the hips and buttocks, weakness, fever, chills, difficulty 

walking, and abnormality of gait (Highland and LaMont 1983; Davidson et al. 2003). 

Thus, it is likely that EH-130 was distinct with regards to locomotion as the pain in the 

right hip and buttocks area probably affected the normal gait with preferential use of 

the left leg. The abnormality of gait as well as the pain caused by the infection probably 

restricted normal participation in social and economic activities.  

 

4.2.4 Edix Hill 146 

 EH-146 was a middle adult male. Irregularly shaped lytic lesions with sharp 

edges and evidence of trabecular remodelling are spread diffusely throughout the axial 

skeleton and are described in more detail in Table 4.1. 

 

 

 



 

55 
 

Table 4.1- Descriptions of the pathological alterations observed in EH-146. 

Bone Description 

Skull 

- Localised areas of small, circular lesions with rounded edges on the L 
interior aspect of the frontal bone, the interior nuchal crest of the occipital, 
and the interior surface of the R parietal (Figure 4.7) 

- Sharp-edged, irregularly shaped lytic lesion surrounded by smaller, circular 
lesions (some of which have coalesced) on the R interior aspect of the frontal 
bone adjacent to the coronal suture 

- Sharp-edged, irregularly shaped lytic lesions on the squamous portion of the 
L temporal bone superior to the zygomatic arch (Figure 4.8) and on the 
superior aspect of the petrous portion of the R temporal bone 

Cervical 
spine 

- Sharp-edged lytic lesions of irregular shape evident on C1 and on C3-C6, 
affecting both the vertebral bodies and the neural arches.  

- Area of lytic destruction on C4 is the most severe and appears to be a series 
of smaller lesions which have coalesced into a larger, irregularly shaped 
lesion 

Thoracic 
spine 

- Eleven thoracic vertebrae present�Æ three bodies have sharp-edged lytic 
lesions 

- Nine thoracic neural arches have small, circular holes with rounded edges  

Lumbar 
spine 

- All five lumbar are present but in fragments 
- Three sharp-edged lytic lesions on the vertebral body of L5 as well as on the 

vertebral bodies of two other unidentified lumbar vertebrae 

Ribs 
- Throughout the fragmented R and L ribs�Æ both sharp-edged lytic lesions 

generally located near the rib head (Figure 4.9), and small, circular lesions 
with rounded edges generally located just adjacent to the rib heads. 

Manubrium 

- Irregularly shaped, sharp-edged lytic lesion with smoothed out, remodelled 
trabecular bone in the centre of the posterior aspect (Figure 4.10) 

- Sharp edges of the lesion are over-hanging, as the area of remodelled 
trabecular bone is larger than the lesion 

Pelvis 

- There is a sharp-edged, irregularly shaped lytic lesion with evidence of 
trabecular remodelling on the anterior aspect of the L ilium just lateral to the 
superior anterior iliac crest (Figure 4.11) 

- R ilium is highly fragmented 

Sacrum 
- Sharp-edged, irregularly shaped lytic lesion with evidence of trabecular 

remodelling on the most anteriorly projecting aspect of the L sacral ala 
- R side of the sacrum not preserved 
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Figure 4.7- Localised area of circular lytic lesions with rounded edges on the intracranial aspect of the 

right parietal bone of EH-146. Produced with kind permission of Cambridgeshire County Council. 

 
Figure 4.8- Sharp-edged, irregularly shaped lytic lesion on the squamous portion of the left temporal 

bone of EH-146. Produced with kind permission of Cambridgeshire County Council. 
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Figure 4.9- Sharp-edged, irregularly shaped lytic lesion near the head of a left rib of EH-146. 
Produced with kind permission of Cambridgeshire County Council. 

 
Figure 4.10- Sharp-edged, irregularly shaped lytic lesion on the posterior aspect of the manubrium of 

EH-146. Produced with kind permission of Cambridgeshire County Council.  
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Figure 4.11- Sharp-edged, irregularly shaped lytic lesion with evidence of trabecular remodelling on 

the left ilium of EH-146. Produced with kind permission of Cambridgeshire County Council.  

  

The pathological lesions observed in EH-146 were discussed in detail by Duhig 

et al. (1996) who reported that EH-146 had metastatic carcinoma. Based on the 

�F�X�U�U�H�Q�W���D�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V����LCH (Section 22.10), metastatic carcinoma (Section 22.11), 

and multiple myeloma (Section 22.11) should be included as differential diagnoses. 

LCH is more commonly found in non-adults and younger adults, and because spinal 

lesions are not a frequent manifestation of the disease (Islinger et al. 2000), LCH is a 

less likely diagnosis for EH-146. 
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Metastatic carcinoma and multiple myeloma are difficult to distinguish in 

archaeological material as the lesions can be similar in appearance and affect similar 

areas of the skeleton (Steinbock 1976: 388; Ortner 2003: 377). Strouhal (1991) 

summarises various pathological features that can be used to differentiate between 

these two diseases in archaeological bone which are provided in Table 4.2. 

Observations of EH-146 are included to determine with which disease the pathological 

alterations are more consistent. 

 

Table 4.2- Osteological features used to differentiate between multiple myeloma and 
metastatic carcinoma in dry bone. Descriptions for EH-146 included. Source: Strouhal (1991: 
223). 

Feature Multiple myeloma Metastatic carcinoma EH-146 

Density of lesions 
High density with 
numerous, scattered foci 
throughout skeleton 

Less numerous and 
more localised 

Lower density and 
more localised 

Lesion outline Regularly round (circular 
to slightly oval) 

Irregular with 
denticulations and 
scalloping 

Irregular with 
jagged and 
scalloped edges 

Lesion size 

Consistent: small to 
medium (up to several 
millimetres) except when 
foci coalesce 

Variable size: small 
to large (up to 
several centimetres) 

Variable in size 
although none are 
large 

Lesion edges Sharp, punched-out, 
bored 

Scalloped, 
denticulated, craggy 

Sharp, scalloped, 
craggy 

Radiographic 
appearance 

Sharply delimited areas 
of lucidity 

Obscure, cloudy, 
moth-eaten areas N/A 

Bone surrounding 
lesions No pathological change Pitting with further 

small apertures 
No pathological 
change 

Osteoblastic 
reaction around 
lesions 

Non-existent or 
extremely mild Slight or significant 

Slight in some 
lesions, none in 
others 

Skeletal 
distribution 

Scapula (glenoid cavity, 
lateral border, 
acromion); lateral 
clavicle; radius; ulna 

Neural arches of 
vertebrae and 
processes 

Scapula, clavicle, 
radius, ulna not 
affected; neural 
arches affected 

Sex distribution Males affected more 
than females 

Expected to occur 
more commonly in 
females 

Male 

 

 Based on the above table, the lesions observed in EH-146 are more consistent 

with typical lesions of metastatic carcinoma. However, there is minimal osteosclerosis 

around the edges of the lesions, and the lesions are not as large as they can be in 

cases of metastatic carcinoma in dry bone (Marks and Hamilton 2007). Perhaps had 
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EH-146 lived longer, the lesions would have become more typical of metastatic 

carcinoma.  

 The symptoms accompanying skeletal metastases are discussed in more detail 

in Section 22.11, but include bone pain (Resnick 2002v), cranial nerve palsies, 

neuralgia, and headache (when the skull is involved), neck and back pain and 

neurological issues (when the spine is involved), and lower back and leg pain and 

functional instability (when the femur and pelvis are involved) (Coleman 2006). 

Hypercalcaemia is a common clinical symptom of metastatic carcinoma (10-19% of 

cases) and can cause fatigue, anorexia, dysfunction of the 

gastrointestinal/kidney/renal/central nervous systems, and a deterioration of mental 

functioning (Coleman 2001; Selvaggi and Scagliotti 2005; Coleman 2006). Many of 

these symptoms would certainly be considered physically impairing. While EH-146 

may not have been visually distinctive (there were no skeletal deformities observed), 

it is likely that participation in normal social and economic activities would have been 

limited if they were experiencing bone pain, fatigue, and neurologic complications. It 

is also possible that towards the end of their life, they required external care-giving to 

ensure their survival (see Volume 2, Section 10.2.2.5).  

 

4.2.5 Edix Hill 322A 

 EH-322A was an adult male (although the current author recorded EH-322A as 

a middle adult male). There is collapse of the anterior aspect of L5 and ankylosis with 

S1 through the formation of smooth bony bridges, which are complete on the right 

side, and in the process of completing on the left side. Within the smooth bony bridge 

connecting the right anterior aspects of L5 and S1, there is a large oval hole (probable 

cloaca) with rounded edges (approximately 13mm x 10mm) (Figure 4.12). Within the 

bony bridge which is in the process of bridging the anterior left aspects of L5 and S1, 

there is an oval hole (probable cloaca) with rounded edges (approximately 9mm x 

8mm) (Figure 4.13). There are two circular areas of cavitation on the right inferior 

aspect of S1 and on the left superior aspect of S2.  
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Figure 4.12- Probable cloaca in the smooth bony bridge between L5 and S1 in EH-322A. Produced 

with kind permission of Cambridgeshire County Council. 

 
Figure 4.13- Probable cloaca in the bony bridge forming between the left sides of L5 and S1 in EH-

322A. Produced with kind permission of Cambridgeshire County Council. 
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Differential diagnoses for the pathological alterations observed in EH-322A 

include vertebral osteomyelitis (Section 22.1.1) and TB (Section 22.4.1). Vertebral 

osteomyelitis remains a possible diagnosis due to the multiple cloacae identified, the 

extensive osteoblastic activity which resulted in bony bridging, and the destruction of 

the inferior aspect of L5 (Lehovsky 1999; Waldron 2009: 88).  

Although rare, TB of the lumbosacral junction does occur in 2-3% of cases of 

spinal TB (Rajasekaran et al. 1998; Resnick 2002l). The destruction and compression 

of L5 and partial ankylosis are consistent with TB (Resnick 2002l), and the two large 

probable cloacae observed are consistent with drainage of a tuberculous vertebral 

abscess (Shanley 1995).  

Rajasekaran et al. (1998) found that in patients with TB of the lumbosacral 

junction, kyphosis was minimal. However, because the lumbar spine is naturally 

lordotic, destruction of the lumbosacral junction tended to cause hypolordosis or 

straightening of the spine which was directly correlated to back pain (Rajasekaran et 

al. 1998). Neurological disruption is not common in lumbosacral TB as the spinal canal 

is large at this location, making compression of the cauda equina less frequent (Pun 

et al. 1990). Thus, EH-322A probably did not experience the sensory and neurological 

issues associated with TB of the thoracic and upper lumbar spine. It is unlikely that 

EH-322A had an obvious spinal deformity, however they probably would have 

experienced back pain and the general clinical symptoms of TB (fever, malaise, weight 

loss), which can affect an individual regardless of the involved organ/tissue (Hopewell 

1994). Therefore, while EH-322A would not have been visually distinctive, it is likely 

that they would have been limited in social and economic activities due to the general 

debilitating symptoms of TB.  

 

4.2.6 Edix Hill 440A 

 EH-440A was a middle adult female. The pathological alterations observed in 

EH-440A are provided in Table 4.3. 
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Table 4.3- Descriptions of the pathological alterations observed in EH-440A. 

Bone Description 

R 
humerus 

- Capitulum is enlarged 
- Eburnation, macroporosity, and osteophytic lipping on medial and lateral 

aspects of the distal end (Figure 4.14) 

R radius 

- Severe deformation of proximal end�Æ joint surface is enlarged and angled 
laterally 

- Eburnation and a convex lump of compact bone attached to the medial side of 
proximal joint surface that does not articulate with the humerus 

R ulna 

- Trochlear surface enlarged and osteophytic lipping around entire articular 
surface 

- Eburnation on proximal joint surface 
- Possible cloaca on the trochlear surface�Æ exits on lateral side of trochlear 

surface in an oval perforation with rounded edges (approximately 1mm x 5mm) 
(Figure 4.15) 

L femur 

- Severe osteophytic lipping around both distal condyles�Æ slight contour change 
of the joint surfaces (Figure 4.16) 

- L femur is slightly longer than the R with bicondylar lengths of 405mm and 
398mm respectively (Figure 4.18) 

L tibia 
- Severe osteophytic lipping around both proximal condyles�Æ slight contour 

change of the joint surfaces (Figure 4.17) 
 

 
Figure 4.14- Enlargement of the capitulum of the right humerus of EH-440A. Produced with kind 

permission of Cambridgeshire County Council. 
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Figure 4.15- Possible cloaca on the lateral side of the trochlear surface of the right ulna of EH-440A. 

Produced with kind permission of Cambridgeshire County Council. 

 
Figure 4.16- Osteophytic lipping of both distal condyles of the left femur of EH-440A. Produced with 

kind permission of Cambridgeshire County Council. 
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Figure 4.17- Osteophytic lipping of both proximal condyles of the left tibia of EH-440A. Produced with 

kind permission of Cambridgeshire County Council. 

 
Figure 4.18- Length discrepancy between the right and left femora of EH-440A. Produced with kind 

permission of Cambridgeshire County Council. 

  

Due to the deformation of the proximal end of the radius and radial notch of the 

ulna, the rotation required for supination is not possible, resulting in fixed pronation of 
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the forearm. The length discrepancy between the right and left femora is slight but may 

have caused some abnormality of locomotion. As the left femur is longer than the right, 

it is possible that EH-440A placed more pressure on the left leg which may have 

subsequently caused the OA observed in the left knee. As the difference between the 

femora is only 7mm, it is unlikely that the lower limbs of EH-440A were visually 

distinctive.  

Differential diagnoses for the pathological alterations observed in the right 

elbow of EH-440A include primary and secondary OA, septic arthritis (Section 22.5.7), 

and tuberculous arthritis (Section 22.4.3). It is clear that the right elbow is arthritic due 

to the contour change, eburnation, and macroporosity of the involved elements 

(Waldron 2009: 27). Primary OA is a possible diagnosis for the observed lesions, 

however the presence of a possible cloaca is suggestive of an infective arthritis.  

Tuberculous and septic arthritis cause similar osteological alterations and it is 

difficult to differentiate between the two in dry bone (Ortner 2003: 222). There is not a 

significant amount of bony erosion in the right elbow, nor is there any other evidence 

of TB in the rest of the skeleton, so it is possible that septic arthritis is the more likely 

diagnosis. As the radial head is severely deformed, it is likely that there was trauma to 

the right elbow joint which resulted in the direct implantation of bacteria and 

subsequent septic arthritis.    

 Regardless of the source of infection (tuberculous or pyogenic), it is likely that 

EH-440A experienced pain, stiffness, and swelling in the right elbow. After the onset 

of infection in the elbow, it is likely that EH-440A stopped moving the joint, allowing it 

to rest and heal in pronation, which resulted in fixation. The pain and swelling of the 

right elbow along with the fixed nature of the forearm would have limited the 

functionality of EH-�������$�¶�V���U�L�J�K�W���X�S�S�H�U���O�L�P�E����Although the pronation fixation observed 

was not caused by congenital radioulnar synostosis, the functional impacts of this 

condition can be considered. Patients with congenital radioulnar synostosis with the 

forearm fixed in pronation struggle with various daily activities including holding small 

objects, dressing themselves, feeding themselves, and participating in activities that 

require upper limb dexterity (Simmons et al. 1983). It is therefore likely that EH-440A 

would also have experienced difficulties with similar activities, and the abnormal 

movement and angulation of the right forearm may have been visually distinctive. 
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Without the ability to fully utilise her likely dominant arm, EH-440A was probably limited 

in terms of normal participation in social and economic activities.  
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5 Finglesham 

5.1 Qualitative comparison of palaeopathological analysis 
Pathological but non-physically impairing lesions observed by the current 

author in the random sample of 30 individuals were mentioned specifically in Grainger 

and Hawkes (2006) (e.g. vertebral lipping in FS-33 and FS-55, fracture of the right 

radius in FS-144, fracture of the left ulna in FS-165, and fracture of the left clavicle in 

FS-212). Other pathological but non-physically impairing lesions observed by the 

current author were not specifically mentioned in Grainger and Hawkes (2006) (e.g. 

spina bifida in FS-92, and sacralisation in FS 55, 92, 193, and 199). However, as the 

previous authors did record pathological alterations that were more likely to have been 

physically impairing (i.e., fractures), it is likely that the previous palaeopathological 

analysis was comprehensive enough for use in this project. 

 

5.2 Detailed differential diagnoses 

5.2.1 Finglesham 94 

 FS-94 was a middle adult male. There is a fracture to the proximal shaft of both 

the left radius and ulna which caused ankylosis of these two bones with no obvious 

signs of infection (Figure 5.1). If the proximal ends of the radius and ulna are placed 

in anatomical position, the distal shafts are angled medially and posteriorly with the 

radius rotated slightly medially. Due to the ankylosis of the two bones, pronation of the 

left forearm would have been impossible, as this action requires the radius to rotate 

around the ulna. Thus, the left forearm was permanently fixed in the supinated 

position. It is possible that there is some disuse atrophy of the left humerus, but it is 

difficult to tell due to the state of preservation of the bone (Figure 5.2).  
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Figure 5.1- Ankylosis of the left radius and ulna of FS-94 (posterior view). Produced with kind 

permission of The Duckworth Laboratory. 

 
Figure 5.2- Possible, slight disuse atrophy of the left humerus of FS-94. Produced with kind 

permission of The Duckworth Laboratory. 
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Fracture of the radius and ulna as observed in FS-94 is common and can lead 

to significant displacement, angulation, and rotation (Resnick 2002n). Nerve and 

vascular injuries can occur in cases of significant displacement, and synostosis (as 

observed in FS-94) may also occur although it is rare (Resnick 2002n). 

 Clinical research on individuals who have radio-ulnar synostosis with supination 

fixation as a result of surgery or neurological injury reported many issues with the 

positioning of their forearms (Simmons et al. 1983; Hankins et al. 2006). Patients found 

that fixa�W�L�R�Q�� �L�Q�� �W�K�H�� �V�X�S�L�Q�D�W�H�G�� �S�R�V�L�W�L�R�Q�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �G�H�F�U�H�D�V�H�G�� �W�K�H�� �I�R�U�H�D�U�P�¶�V��

functionality, had a negative impact cosmetically, and created difficulty in performing 

everyday tasks (Simmons et al. 1983). To use the forearm in a pronated position, the 

shoulder had to be abducted and internally rotated to an extreme degree which 

patients found very tiring (Simmons et al. 1983; Hankins et al. 2006). It is likely that 

FS-94 experienced similar symptoms. 

The fusion of the radius and ulna through the proximal diaphyses would have 

prevented pronation of the forearm, leaving the palm permanently facing upwards. The 

medial angulation of the healed fracture would also have resulted in an abnormally 

medially angled forearm and wrist. The combination of this angulation and fixation of 

the forearm probably decreased the efficiency of the left upper limb. It is likely that FS-

94 preferentially used the right arm instead, which can account for the apparent 

atrophy of the left humerus. The abnormal angulation and movement of the left 

forearm may have been visually distinctive, and would have restricted the extent to 

which the left arm could be utilised in social and economic activities. 

There is also severe trauma in the skull of FS-94. Although the traumatic lesion 

is interesting, it cannot be considered physically impairing as it is unclear how long the 

individual lived after the traumatic event. This trauma affected the superior portion of 

the skull immediately posterior to the coronal suture occupying both the right and left 

parietals (Figure 5.3). A piece of the skull was separated in life (c.48mm x 37mm) and 

was found with the skeleton (Figure 5.4). There is some evidence of healing around 

the lesion with the rounding of some edges as well as porosity around the 

circumference of the lesion indicating increased blood flow. Although there is some 

evidence of healing, such a traumatic head injury would be difficult to recover from, 

and it is possible that FS-94 died of this injury. 
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Figure 5.3- Large, traumatic lesion to the superior portion of the skull of FS-94. Note some rounding 
and porosity of the edges of the lesion. Produced with kind permission of The Duckworth Laboratory. 

 
Figure 5.4- Piece of detached skull that fits into the traumatic lesion of FS-94. Produced with kind 

permission of The Duckworth Laboratory. 
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6 Norton East Mill 

6.1 Qualitative comparison of palaeopathological analysis 
Previous pathological analysis of the collection was performed by Birkett 

(1992). There was only one pathological but non-physically impairing lesion observed 

by the current author in the random sample of 30 individuals which was specifically 

mentioned by Birkett (1992) (OA of the left patella and radius in NEM-7). As the entire 

population was re-analysed by the current author, other obvious pathological but non-

physically impairing lesions were noted, most of which were also mentioned by Birkett 

(1992) (e.g. OA of the hip in NEM-47 and NEM-120, and fusion of the left distal tibia 

and fibula in NEM-78). Birkett (1992) did not mention some cases of OA, but as these 

were non-physically impairing and the current author was able to perform a cursory 

analysis of all major osteological alterations in this collection, it is likely that all 

instances of physical impairment were accounted for.   

 

6.2 Detail differential diagnoses 

6.2.1 Norton East Mill 91 

NEM-91 was a young adult male between the age of 17-20 years. There is a 

slightly malaligned but well-healed fracture to the midshaft of the right femur which 

caused shortening of the bone (Figure 6.1). The distal half of the right femur is bowed 

posteriorly and medially (Figure 6.2). The callus extends in an anterior and lateral 

direction as well as a posterior and medial direction, with an overall width in the 

anterior-posterior direction of 52mm. The femoral head and the distal end appear 

unaffected. The maximum lengths of the right and left femora are 415mm and 463mm 

respectively, thus the right femur is almost 5cm shorter than the left.  

There is no evidence of scoliosis in the spine, and the tibiae and ossa coxae 

appear normal and symmetrical. There is osteochondritis dissecans of the medial 

condyle of the left femur which is oval in shape (c.23mm x 13 mm) (Figure 6.3). 
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Figure 6.1- Well-healed and malaligned fracture of the right femur of NEM-91. Produced with kind 

permission of Tees Archaeology. 

 
Figure 6.2- Posterior and medial bowing of the distal end of the right femur of NEM-91. Produced with 

kind permission of Tees Archaeology. 

 
Figure 6.3- Osteochondritis dissecans of the medial condyle of the left femur of NEM-91. Produced 

with kind permission of Tees Archaeology. 
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 Fractures of the femoral shaft are caused by significant, violent force which can 

result in femoral shortening and, due to the strength and number of attached muscles, 

significant displacement and angulation of the femoral shaft (Resnick 2002n), as 

observed in NEM-91. The fracture of the right femur of NEM-91 caused significant 

deformity to the entire bone and resulted in distal, posterior, and medial angulation 

with some lateral rotation. These changes will have altered the normal articulation 

between the femur and tibia, which probably caused abnormality of locomotion. In 

addition, the fracture caused significant shortening of the left femur creating a limb 

length discrepancy between the two lower limbs. With the shortening of the left femur 

and the abnormal angle of articulation with the tibia, it is probable that NEM-91 had an 

abnormal gait. This would have been visually distinctive to those in his surrounding 

community and would probably have restricted normal participation in social and 

economic activities.  
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7 �6�W�����$�Q�Q�H�¶�V���+�L�O�O 

7.1 Qualitative comparison of palaeopathological analysis 
There were several non-physically impairing alterations observed by the current 

author in the random sample of 30 individuals (e.g. OA of the lumbar vertebrae in SAH-

70, OA of the cervical and thoracic vertebrae in SAH-294, OA of the cervical, thoracic, 

and lumbar vertebrae along with severe dental calculus in SAH-402, a lesion with 

rounded edges on the left talus in SAH-588, and exostoses on the left tibia in SAH-

809). All of these alterations were noted by Forsyth and Seaman (2015), except for 

the OA of the spine in SAH-402 and the small lesion on the talus in SAH-588. However, 

these lesions were not physically impairing and therefore not of much significance for 

this research. It can therefore be concluded that the previous palaeopathological 

�D�Q�D�O�\�V�L�V���Z�D�V���F�R�P�S�U�H�K�H�Q�V�L�Y�H���D�Q�G���G�L�G���Q�R�W���G�L�I�I�H�U���V�L�J�Q�L�I�L�F�D�Q�W�O�\���I�U�R�P���W�K�H���F�X�U�U�H�Q�W���D�X�W�K�R�U�¶�V��

analysis. 

 

7.2 Detailed differential diagnoses 

7.2.1 �6�W�����$�Q�Q�H�¶�V���+�L�O�O��111 

 SAH-111 was a middle adult male (although the current author recorded SAH-

111 as an older adult male). The distal ends of the left ulna and radius are absent, with 

the remaining ends showing evidence of healing, indicative of an amputation. The 

distal end of the ulna curls anteriorly to ankylose with the distal end of the radius, which 

curls posteriorly (Figure 7.1 and Figure 7.2). The ends of the two bones were 

ankylosed in life, but broken post-mortem (Figure 7.3). If the proximal ulna is placed 

in anatomical position, the radius is positioned directly anterior to the ulna in a partially 

pronated position (Figure 7.4). There are small osteophytic spurs on the distal end of 

the radius. There is no evidence of infection around the distal end of the forearm, and 

there is no obvious size difference between the left and right humeri, radii, or ulnae. 

An in situ excavation photograph of the amputated limb is also provided in Figure 7.5  
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Figure 7.1- Anterior curling of the distal end of the left ulna of SAH-111. Produced with kind 

permission of the Eastbourne Borough Council. 

 
Figure 7.2- Posterior curling of the distal end of the left radius of SAH-111. Produced with kind 

permission of the Eastbourne Borough Council. 

 
Figure 7.3- Ankylosis (and post-mortem breakage) of the distal ends of the left ulna and radius of 

SAH-111. Produced with kind permission of the Eastbourne Borough Council. 
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Figure 7.4- Fixation of the left ulna and radius of SAH-111 in a partially pronated position. Produced 

with kind permission of the Eastbourne Borough Council. 

 
Figure 7.5- In situ photograph of the left arm of SAH-111. Source: Unpublished archive held at 

Eastbourne Borough Council. © Eastbourne Borough Council. 

  

 SAH-111 represents a probable case of amputation. Although a non-union 

fracture of the left forearm must be considered (Stewart 1974; Ortner 2003: 169), 

because of the good preservation of SAH-111, it is unlikely that only the left hand and 

distal left forearm would be missing. Osteophytes are commonly found near the site 

of amputations (Barber 1929; 1934) as damage to the periosteum stimulates bone 

growth, which explains the osteophytic spurs observed on the distal end of the left 

radius. Bloom et al. (1995) describe a case of a probable forearm amputation which is 

very similar in appearance to the pathological alterations observed in SAH-111: there 

is smooth, rounded fusion of the distal ends of the ulna and radius with no evidence 
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of periosteal reaction. Mays (1996) mentions various other palaeopathological cases 

of forearm amputation, some which showed evidence of distal fusion and others which 

did not. 

 Lower limb protheses appear in artistic representation in Europe from as early 

as the 4th century BC and were in use in Classical Greece and Rome (Mays 1996). 

References to them are made in the 9th century Nordic sagas (Mays 1996), and 

archaeological evidence uncovered from excavations in Europe exists from as early 

as the 5th century AD (Finch 2011). Literary records of iron upper limb protheses exist 

from the Classical Roman world, but there is not much archaeological evidence of 

upper limb prothesis use in the medieval period (Mays 1996). Perhaps this is because 

lower limb amputation would have been significantly impairing while upper limb 

amputation may have been accommodated by use of the remaining limb (Kirkup 2007: 

156). The earliest examples of upper limb prostheses come from the 16th century 

(Kirkup 2007: 158), and because of the lack of archaeological evidence that these 

objects existed any earlier, it is unlikely that SAH-111 wore a hand prosthesis. 

 A clinical study of unilateral upper limb amputees in Norway found that, while 

the loss of part of the upper limb certainly impaired function (reduced range of motion 

of the shoulder and elbow joints, restricted elbow flexion and forearm rotation, 

bilaterally reduced neck mobility), the measured levels of impairment were surprisingly 

low, perhaps because many daily activities can be performed with one hand (Østlie et 

al. 2011). Clearly some of the tasks analysed in this study would not be applicable to 

an Anglo-Saxon individual (e.g. change a light bulb overhead, blow dry your hair), 

however many of the tasks would have been (e.g. prepare a meal, carry a heavy 

object). Although the lifestyles of modern-day Norwegians and Anglo-Saxon 

individuals are admittedly different, the findings of this clinical study should be 

considered. Although it is easy to assume that a missing hand would be a significant 

impairment, in many cases individuals missing a hand are able to adapt and, as 

demonstrated by Østlie et al. (2011), do not consider themselves significantly 

impaired. Thus, while SAH-111 would objectively have been affected by only having 

one hand, it should not be automatically assumed that this was a significant physical 

impairment. That said, there will have been activities (fighting, working a trade) which 

will have been affected by only having one hand. While it is likely that SAH-111 

adapted to the missing limb, it is possible that despite these adapatations, SAH-111 
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was less efficient than he would have been with two hands, and his social and 

economic participation may therefore have been restricted.  

   

7.2.2 �6�W�����$�Q�Q�H�¶�V���+�L�O�O��309 

 SAH-309 was a middle adult male. Unfortunately, the pathological elements of 

this individual were not present for analysis by the current author. Sibun (2016) 

includes the following in her palaeopathological description of SAH-309: 

 

�³�6�N�H�O�H�W�R�Q���>�������@�����*�����������G�L�V�S�O�D�\�H�G���D�E�Q�R�U�P�D�O�L�W�L�H�V���L�Q���W�K�H���O�H�I�W���K�D�Q�G���� �&�D�U�S�D�O�V���L�Q���W�K�H���Z�U�L�V�W��

were fused into one mass and became indistinguishable and almost unrecognisable. Poor 

preservation and the resultant deterioration of the bone surface have hindered the analysis. 

However, the first metacarpal survives in good condition and it is evident that one carpal, 

believed to be the trapezium, is fused to its proximal anterior surface. Both the carpal and the 

proximal metatarsal [assumed typographical error for metacarpal] are deformed, but the 

smooth nature of the remodelled bone suggests the injury was well-healed. A congenital 

defect was considered as a cause of these abnormalities and this remains a possibility. 

Another possibility is an infectious disease process leading to the remodelling and fusion of 

the bone, but the unusual fusion of the distal [assumed typographical error for proximal] 

�P�H�W�D�F�D�U�S�D�O���D�Q�G���F�D�U�S�D�O���P�D�\���V�X�J�J�H�V�W���D���W�U�D�X�P�D�W�L�F���F�D�X�V�H�´��������-47).  

 

The current author was able to analyse the upper limb bones which were 

present. Fragments of four left metacarpal shafts (excluding MC1) are present and 

appear normal. The right and left humeri, radii, and the left ulna also appear normal. 

The distal end of the right ulna shaft is noticeably thin with occlusion of the medullary 

cavity, and is possibly laterally displaced (Figure 7.6). Without the rest of the right ulna 

or the right hand, it is difficult to say much more about this pathological alteration.  
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Figure 7.6- Thinning of the distal shaft of the right ulna of SAH-309 with occlusion of the medullary 

cavity. Produced with kind permission of the Eastbourne Borough Council. 

 

Acquired (non-congenital) bony ankylosis of the carpals can be caused by 

various conditions including but not limited to various joint diseases (Section 22.5), 

septic arthritis (Section 22.5.7), and trauma (Kacki 2013). Because the left hand bones 

were not available for analysis by the current author, a definite diagnosis for the bony 

alterations described by Sibun (2016) is not possible, but several differential diagnoses 

are discussed below. 

Erosive OA can result in bony ankylosis of one or several phalanges (which 

were absent) but carpal ankylosis is not a common feature of this condition (Resnick 

2002c). Gout (Resnick 2002f) �D�Q�G���5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�P�H��(Resnick 2002r) are less likely 

diagnoses as they more commonly affect the lower limb and carpal fusion is 

uncommon. 

PsA commonly results in bony ankylosis at the MCP joints (Waldron 2009: 64) 

(as observed in SAH-309) and can occur in the PIP joints, distal interphalangeal (DIP) 

joints, and the wrist (Resnick 2002q). Because the phalanges (which are commonly 

affected by erosion and proliferation) are unavailable to confirm or disprove PsA, this 

condition remains a possible diagnosis for SAH-309. Similarly, ankylosis of the small 

joints of the wrist can occur in RA (Leden et al. 2012), and because the left phalanges 

and the right hand are unavailable to confirm or disprove RA, this condition also 

remains a possible diagnosis for SAH-309. Septic arthritis can also cause bony 

ankylosis of affected joints (Ortner 2003: 222), and cannot always be differentiated 

from ankylosis due to trauma (Ortner 2003: 132). Both of these remain possible 

diagnoses for the alterations described in the left hand of SAH-309. 
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The thinning of the distal right ulna, the loss of the medullary cavity, and the 

possible lateral angulation is also difficult to explain. It is unlikely that this represents 

a case of amputation (although no right hand bones were found), because there was 

no obvious thinning of the right radius. Traumatic injury is a possible diagnosis for the 

thinning of the right distal ulna: perhaps SAH-309 experienced a fall onto both hands 

which resulted in the fracture of the right distal ulna and the ankylosis of the left wrist. 

However, with the absence of the right hand, the distal joints of the right radius and 

ulna, and the left hand bones, a more specific diagnosis is not possible. 

In a clinical study which investigated the effects of carpal fusion on 61 patients 

who had experienced traumatic brachial plexus injury, fusion of the wrist led to 

increased joint stability (97%) and improved use of the affected hand (80%) (Terzis 

and Barmpitsioti 2009). Another clinical study reported that 93% of 13 patients who 

underwent bilateral wrist arthrodesis were satisfied with the surgery, that there was 

significant improvement in pain levels and grip strength, and that the only major 

functional impairments were noted when turning a doorknob or tight jar lid (Wagner et 

al. 2015). Obviously, SAH-309 did not have access to a surgical wrist arthrodesis, 

however it is possible that the functional impacts described by patients who have 

undergone wrist fusion can be applied to SAH-309. Thus, it should not be assumed 

that the pathological alterations observed in the left wrist of SAH-309 were definitively 

physically impairing, but they may have caused stiffness or limited range of motion of 

the wrist, which may have restricted normal participation in some social and economic 

activities.  

 

7.2.3 �6�W�����$�Q�Q�H�¶�V���+�L�O�O��346 

 SAH-346 was an adult who was possibly male (although the current author 

recorded SH-346 as a possible male who was probably an older adult). There is severe 

enlargement of the left acetabulum which is diffusely covered in macroporosity (Figure 

7.7). There is osteophytic lipping around the circumference of the acetabulum, and the 

joint surface is less concave than normal.  

 The left femoral head is taphonomically damaged, but it is clear that there is 

contour change and lipping at least on the inferior aspect (Figure 7.8). There is also 

an increase in the diameter of the midshaft area of the left femur. The area expands 
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medially and anteriorly, and although damaged, appears to consist of striated, well-

integrated bone growth (Figure 7.9). 

 
Figure 7.7- Macroporosity, contour change, and osteophytic lipping of the left acetabulum of SAH-

346. Produced with kind permission of the Eastbourne Borough Council. 

 
Figure 7.8- Lipping on the inferior aspect of the left femoral head of SAH-346. Produced with kind 

permission of the Eastbourne Borough Council. 
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Figure 7.9- Midshaft swelling of the left femur of SAH-346 composed partially of striated bone. 

Produced with kind permission of the Eastbourne Borough Council. 

 

 Differential diagnoses for the pathological alterations observed in the left femur 

of SAH-346 include bone tumours and fracture. Tumours of the bone which erode the 

inner cortex can cause a periosteal reaction on the external cortical bone, resulting in 

apparent swelling of the bone (Resnick 2002x). Benign tumours which form in the 

diaphyses of the long bones include aneurysmal bone cysts (ABCs), enchondromas, 

non-ossifying fibromas, osteoid osteomas, osteoblastomas, and simple bone cysts 

(Resnick 2002x).  

ABCs of the long bones are almost always located in the metaphyses and can 

thus be excluded as a diagnosis for SAH-346 (Resnick 2002w). Enchondromas occur 

in the long bones in 25% of cases, are more frequently found in the upper limbs than 

the lower limbs, and usually form in the metaphyses and then extend into the epiphysis 

or diaphysis (Resnick 2002w). Although enchondromas cause cortical thickening, due 

to the preference for the upper limb and metaphyseal involvement, this is a less likely 

diagnosis for SAH-346. 

Non-ossifying fibromas occur in the long bones in 90% of cases, with the tibia 

and femur most frequently affected (Resnick 2002w). In the femur, 80% of cases affect 

the distal end (Resnick 2002w). Non-ossifying fibromas consist of connective tissue 

which creates elongated, multiloculated lesions within the medullary cavity, and can 

cause cortical thinning and some expansion of the shaft (Resnick 2002w). Because 

most femoral non-ossifying fibromas are located in the distal end, this diagnosis is less 

likely for SAH-346. 

Osteoid osteomas most frequently affect the femur and, when they are located 

in the diaphysis, cause bony sclerosis and cortical thickening due to both endosteal 
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and subperiosteal new bone growth (Resnick 2002w). Osteoid osteomas are very 

frequently associated with pain in the affected area, and although the pain may be 

intermittent at first, it increases in severity and can result in soft tissue swelling and 

tenderness (Resnick 2002w). 

Osteoblastomas of the long bones occur in the diaphysis in 75% of cases, but 

are not as common as osteoid osteomas. As with osteoid osteomas, osteoblastomas 

cause expansion of the shaft of the affected long bone (Resnick 2002w) as observed 

in SAH-346. Pain is a common symptom of an osteoblastoma, although it is usually 

mild (Resnick 2002w). Both osteoid osteomas and osteoblastomas remain possible 

diagnoses for SAH-346. 

Simple bone cysts (solitary or unicameral) are usually found in the long bones 

(90-95% of cases) with the femur involved in 27% of cases (Resnick 2002w). Although 

location of the metaphysis is much more frequent (83% of femoral cases), diaphyseal 

involvement is also possible (Resnick 2002w). Simple bone cysts can be large and 

cause expansion of the shaft as observed in SAH-346 (Resnick 2002w). In most cases 

simple bone cysts are asymptomatic, but can cause issues when pathological fracture 

occurs (Resnick 2002w). Simple bone cyst remains a possible diagnosis for SAH-346. 

Unfortunately, an x-ray of the affected femur was not available, and due to the 

taphonomic damage apparent inside the bone, it is unlikely that a radiograph would 

have aided in a more specific diagnosis. Thus, several tumours of the bone remain 

possible diagnoses for SAH-346 including osteoid osteoma, osteoblastoma, and 

simple bone cyst. Osteoid osteoma and osteoblastomas are associated with pain in 

the affected area, while simple bone cysts tend to be asymptomatic.  

Another possibility for the swelling of the midshaft of the left femur is fracture. 

It is possible that there was a relatively mild fracture in this area of the bone which was 

well-aligned and well-healed. However, for a fracture which did not result in any 

obvious displacement or angulation, it is perhaps less likely that such considerable 

shaft expansion would have occurred. 

There is also OA of the left acetabulum as evidenced by contour change, 

macroporosity, and osteophytic lipping (Waldron 2009: 34). Unfortunately, due to the 

taphonomic damage of the left femoral head, corresponding OA cannot be confirmed, 

but it is clear that there was inferior osteophytic lipping, and it is likely that the femoral 

head was also osteoarthritic. Although it is certainly possible that SAH-346 had 
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primary OA of the left hip, it is also possible that the alterations of the midshaft of the 

femur (which may have caused pain or restricted movement) caused an abnormal gait 

and secondary OA of the left hip. If locomotion was altered or limited, SAH-346 may 

have been physically impaired in terms of normal economic and social participation.    

 

7.2.4 �6�W�����$�Q�Q�H�¶�V���+�L�O�O��481 

 SAH-481 was an adult male (although the current author recorded SAH-481 as 

a middle adult male). The pathological alterations observed in SAH-481 are provided 

in Table 7.1. 

 

Table 7.1- Descriptions of the pathological alterations observed in SAH-481. 

Bone Description 

Maxillae 

- Flattening of the inferior margin of the nasal aperture and rounding of the 
lateral margins 

- Some taphonomic damage to the anterior nasal spine but a majority of the 
cortical bone in this area is present�Æ some resorption has occurred (Figure 
7.10 and Figure 7.11) 

?Lacrimal - Focal, circular area of porosity (Figure 7.12). 

R/L 
forearms 

- Areas of porous, almost plaque-like depositions of PNB on the distal end of 
R ulna (Figure 7.13) 

- Similar lesion on the distal end of L ulna, but due to taphonomic damage, it 
is difficult to tell how far this PNB extended 

- Taphonomic damage to the distal ends of both radii prevents analysis of the 
possibility of PNB formation on these elements 

R hand 
- Plaques of porous woven bone on the dorsal surface of MC5 (Figure 7.14) 
- MC2 and MC3 unaffected 
- Resorption of the distal ends of two proximal phalanges 

L hand 

- Plaques of porous woven bone on the dorsal surfaces of MC2 (Figure 
7.15), MC3, MC4, and MC5, which is the most affected (Figure 7.16) 

- The head of MC1 is deformed�Æ the surface is irregular and there is a 
cavitation with rounded edges (Figure 7.17). 

- Resorption of the distal ends of one proximal phalanx and one distal 
phalanx (probably for MC1) (Figure 7.18) 

Tibial 
fragments 

- Damaged post-mortem but evidence of PNB formation (porous, smooth, 
and irregular) (Figure 7.19) 

Fibular 
shafts - Two un-sided fragments �Æ striated and irregular PNB (Figure 7.20) 

R foot 

- Small area of porosity on the anterosuperior aspect of the body of the 
calcaneus (Figure 7.21) 

- Slight contour change and lipping on the superior margin of the head of the 
talus (Figure 7.22) 
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Figure 7.10- Resorption of the anterior nasal spine of SAH-481. Note that despite damage, a majority 

of the cortical bone is still intact in this area. Produced with kind permission of the Eastbourne 
Borough Council. 

 
Figure 7.11- Resorption of the anterior nasal spine of SAH-481 (lateral view). Produced with kind 

permission of the Eastbourne Borough Council. 
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Figure 7.12- Circular area of porosity (red arrow) on the probable lacrimal bone of SAH-481. 

Produced with kind permission of the Eastbourne Borough Council. 

 
Figure 7.13- Porous PNB on the distal end of the left ulna of SAH-481. Produced with kind permission 

of the Eastbourne Borough Council. 

 
Figure 7.14- Plaques of woven PNB on the dorsal surface of the right MC5 of SAH-481. Produced 

with kind permission of the Eastbourne Borough Council. 
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Figure 7.15- Plaques of woven PNB on the dorsal surface of the left MC2 of SAH-481. Produced with 

kind permission of the Eastbourne Borough Council. 

 
Figure 7.16- Woven and compact PNB on the dorsal surface of the left MC5 of SAH-481. Produced 

with kind permission of the Eastbourne Borough Council. 
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Figure 7.17- Deformation of the head of the left MC1 of SAH-481. Produced with kind permission of 

the Eastbourne Borough Council. 

 
Figure 7.18- Distal resorption of a left distal manual phalanx (probably for the first digit) of SAH-481. 

Produced with kind permission of the Eastbourne Borough Council. 
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Figure 7.19- Porous and smooth PNB formation on a tibia fragment of SAH-481. Produced with kind 

permission of the Eastbourne Borough Council. 

 
Figure 7.20- Irregular PNB formation on a fibula fragment of SAH-481. Produced with kind permission 

of the Eastbourne Borough Council. 
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Figure 7.21- Area of porosity on the anterosuperior aspect of the body of the right calcaneus of SAH-

481. Produced with kind permission of the Eastbourne Borough Council. 

 
Figure 7.22- Contour change and lipping of the right talar head of SAH-481. Produced with kind 

permission of the Eastbourne Borough Council. 
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The pathological alterations observed in the cranium are consistent with 

rhinomaxillary syndrome which is pathognomonic of leprosy or facies leprosa 

(Andersen and Manchester 1992) (Section 22.2.1). It is evident that there was active 

inflammation in the craniofacial region as demonstrated by the circular, porous 

osteolytic lesion on the probable lacrimal bone. Clinical symptoms of rhinomaxillary 

syndrome include a clogged nasal airway, excess production of nasal discharge, and 

saddle-nose deformity (Andersen and Manchester 1992; Anon 2009).  

Distal resorption of the hand phalanges is also consistent with leprosy (Section 

22.2.3), although usually no PNB formation is found on the metacarpals or metatarsals 

(Ortner 2003: 264). However, because of the distal resorption of the phalanges, it is 

likely that there was motor denervation and probable anaesthesia of the hands, which 

may have made them more susceptible to accident or injury, as SAH-481 may not 

have been able to feel pain. A secondary infection as a result of a palmar ulceration 

could potentially explain the active PNB observed in the right and left metacarpals. If 

the infection spread to the wrist, secondary infection can also explain the PNB 

formation observed in the distal ulnae. In the digits of the left hand, at least two 

proximal phalanges showed evidence of distal resorption, suggesting that SAH-481 

had already lost the intermediate and distal phalanges in these same digits. In addition 

to a visible deformity, the loss of at least two fully functioning fingers probably restricted 

use of the hand. 

Differential diagnoses for the PNB growth on the metacarpals, ulna, tibiae, and 

fibulae are numerous (Section 22.8). There are no cloacae, gummatous lesions, or 

obvious evidence of trauma, which can exclude osteomyelitis, treponemal disease, 

and trauma respectively.  

HOA is characterised by symmetrical, bilateral PNB formation on the distal 

tubular bones (particularly the tibiae and fibulae) including the metacarpals and 

phalanges (Fennell and Trinkaus 1997: 354; Ortner 2003). Although there is bilateral 

PNB formation on the metacarpals, it is unclear whether the PNB formation on the 

tibiae and fibulae is bilateral (due to absence), and in conjunction with the 

rhinomaxillary alterations, leprosy remains the more likely diagnosis.  

Bilateral tibial and fibular PNB formation is very common in archaeological 

cases of leprosy (Møller-Christensen 1961; Lewis et al. 1995). The presence of 

periostitis on the tibia and fibula fragments indicates that there was disruption of 
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sensation or anaesthesia in the lower limbs, probably leading to an ulcer on the plantar 

surfaces of the feet and subsequent infection (Resnick 2002l; Roberts and Manchester 

2010: 197). It cannot be confirmed whether the PNB formation on the tibiae and fibulae 

was bilateral in SAH-481 (due to absence). But due to the pathognomonic 

rhinomaxillary changes which indicate leprosy, it is highly likely that involvement of the 

lower leg was bilateral. Pain and tenderness in both legs may have resulted in 

restricted use of the lower limbs and an abnormal, slow gait (Resnick 2002l). Although 

most of the foot bones were absent, the area of porosity on the right calcaneus 

indicates that at least one foot was affected as well. While it cannot be confirmed, it is 

certainly possible that deformation of the foot as a consequence of plantar ulceration 

had also occurred, which would have further affected the gait of SAH-481.  

In summary, SAH-481 would have been physically distinctive in life (fluids 

exiting the nose and mouth area, facial deformation, hand deformity, possible 

abnormal gait, etc.), and his community would certainly have been aware of his 

disease. While these alterations would have been visually distinctive, they also may 

have caused functional impairments, particularly the loss of feeling in the hands/feet, 

finger resorption and resultant hand deformity, and the chronic inflammation of the 

lower legs, which was probably painful and may have altered normal locomotion. All 

of these bony changes, along with the symptoms which cannot be confirmed 

palaeopathologically (pain, nerve abscesses, skin lesions, hair loss, etc.), probably 

restricted SAH-481�¶�V ability to participate normally in social and economic activities.  

 

7.2.5 �6�W�����$�Q�Q�H�¶�V���+�L�O�O��744 

 SAH-744 was a young adult of indeterminate sex. Despite the extensive 

taphonomic damage to the bone, there is an area of increased diameter on the 

midshaft of the left tibia (Figure 7.23). The rest of the shaft is diffusely covered in 

smooth but irregular new bone growth that is well-integrated into the cortex, giving the 

entire bone an overall lumpy appearance (Figure 7.24). There are several areas of 

cavitation which do not perforate into the medullary cavity across the tibial shaft, the 

largest being oval in shape with rounded edges (c.10mm x 5mm). A post-mortem 

break reveals medullary occlusion of the left tibia (Figure 7.25). 



 

94 
 

 
Figure 7.23- Increased diameter of the midshaft of the left tibia of SAH-744 (damaged post-mortem). 

Produced with kind permission of the Eastbourne Borough Council. 

 
Figure 7.24- Diffuse, irregular, well-integrated bone deposition across the left tibial shaft of SAH-744. 

Produced with kind permission of the Eastbourne Borough Council. 

 
Figure 7.25- Medullary occlusion of the left tibia of SAH-744. Produced with kind permission of the 

Eastbourne Borough Council. 
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As only one fragment of the left tibia remains, and the overall skeleton is 

relatively incomplete, definitive diagnosis for the osteological alterations observed is 

not possible. Differential diagnoses for the well-integrated new bone growth on the 

tibia are numerous (Section 22.8). The maxillae were not present to confirm if there 

were any alterations associated with rhinomaxillary syndrome which would have been 

pathognomonic of leprosy (Andersen and Manchester 1992). However, as the new 

bone formation on the tibiae was not bilateral, leprosy is a less likely diagnosis for 

SAH-743 (Møller-Christensen 1961; Lewis et al. 1995). HOA can be excluded as the 

PNB formation was only present in the left tibia and HOA usually presents bilaterally 

(Ortner 2003: 354). It is possible that the infection was osteomyelitic, and although no 

cloaca was identified, only the midshaft of the tibia was present and a cloaca may 

have been located on the proximal or distal ends of the bone. Treponemal disease 

remains a possible diagnosis: the cavitations observed are somewhat reminiscent of 

gummatous lesions, but no lesions typical of caries sicca were identified (although the 

skull was fragmented).  

Without the osteological markers of a more specific infection, a non-specific 

infection/inflammation is the most appropriate diagnosis for SAH-744. The irregular 

bone formation on the left tibia indicates a long-standing inflammation of the 

periosteum in this area, which would probably have resulted in swelling, redness, heat, 

pain, and loss of function (Amft et al. 2008). However, because the bone is well-

integrated and there was no evidence of porous PNB, it is possible that the infection 

affecting the tibia was no longer active, which means these symptoms may not have 

affected SAH-744 around the time of death. However, it should be kept in 

consideration that SAH-744 may have experienced swelling, pain, and loss of function 

of the left lower leg, which may have rendered them distinct in terms of abnormal 

movement, and may have restricted normal participation in social and economic 

activities.   

 

7.2.6 �6�W�����$�Q�Q�H�¶�V���+�L�O�O��1049 

 SAH-1049 was young adult who was possibly male (although the current author 

recorded SAH-1049 as a definite male). There are two separate units of fused thoracic 

vertebrae. One unit consists of three ankylosed thoracic vertebrae. The body of the 

first and second vertebrae in this unit are present, although highly damaged, and there 
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is evidence for severe superior-inferior squishing (Figure 7.26). Only the right lamina 

of the most inferior vertebra in this unit is present, making it difficult to determine at 

what angle the spine would have been. However, if the most inferior vertebra in this 

unit is placed into anatomical position, the two vertebrae that are superior to it are 

angled severely in the anterior direction, which would have resulted in kyphosis. There 

is another unit of two ankylosed thoracic vertebrae, but only the neural arches remain, 

making it difficult to determine if this unit contributed to the kyphosis of the thoracic 

spine. It is likely that this two-vertebrae unit is inferior to the three-vertebrae unit, as 

the inferior zygapophyseal joints of the inferior vertebra appear to angle outwards (i.e., 

more lumbar-like).  

 
Figure 7.26- Anterior view of the three-vertebrae unit of SAH-1049. Note the squishing and 

destruction of the vertebral bodies. Produced with kind permission of the Eastbourne Borough 
Council. 
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Differential diagnoses for the pathological alterations observed in the spine of 

SAH-1049 include osteomyelitis, brucellosis, and TB, the latter of which is the most 

likely diagnosis (Section 22.4.1). TB of the spine results in the destruction and collapse 

of vertebral bodies, and ankylosis and kyphosis of adjacent vertebrae in order to 

stabilise the compromised spine (Resnick 2002l; Holloway et al. 2011). All of these 

alterations are demonstrated in SAH-1049. 

The kyphosis of the thoracic spine would have resulted in a noticeable gibbus 

deformity of the back. SAH-1049 probably also experienced the impairments caused 

by severe alterations to the spinal column, including paraparesis or paraplegia of the 

lower limbs, loss of urinary/faecal control, pain, sensory impairment, and an abnormal 

gait (Section 22.4.1) (Turgut 2001; Resnick 2002l; Roberts and Buikstra 2003: 95). 

The gibbus deformity and the possibility of an abnormal gait would have made SAH-

1049 visually distinctive in life. Partial or full paralysis of the lower limbs, pain, sensory 

impairment, and loss of urinary/faecal control, along with general clinical symptoms of 

TB (fever, malaise, weight loss) (Hopewell 1994), would certainly have limited SAH-

1049�¶�V���D�E�L�O�L�W�\���W�R���S�D�U�W�L�F�L�S�D�W�H���Q�R�U�P�D�O�O�\���L�Q���H�F�R�Q�R�P�L�F���D�Q�G���V�R�F�L�D�O���L�Q�W�H�U�D�F�W�L�R�Q�V�� 
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8 Watchfield 

8.1 Qualitative comparison of palaeopathological analysis 
 Pathological but non-physically impairing lesions observed by the current 

author in the random sample of 30 individuals were mentioned specifically by Harman 

in Scull et al. (1992) (e.g. OA of the lumbar spine in WF-68 and severe OA in much of 

the spine in WF-74). Harman also mentioned the shortening of the right arm in WF-5 

which was considered physically impairing by the current author due to subsequent 

visible and functional deformity. Thus, the previous palaeopathological analysis was 

comprehensive and did �Q�R�W���G�L�I�I�H�U���V�L�J�Q�L�I�L�F�D�Q�W�O�\���I�U�R�P���W�K�H���F�X�U�U�H�Q�W���D�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V�� 

 

8.2 Detailed differential diagnoses 

8.2.1 Watchfield 5 

 WF-5 was a middle adult male. The right humerus is 76mm shorter than the 

left. The right humeral head is deformed with a loss of convexity of the joint surface 

(Figure 8.1). There is corresponding deformation of the right glenoid cavity with loss 

of concavity (Figure 8.2). The proximal third of the humeral shaft is also deformed with 

a ridge of compact bone on the anterior and lateral aspects (Figure 8.3). When placed 

in anatomical position, the distal end of the humerus is rotated medially suggesting 

that WF-5 would have held the forearm at an altered angle.  

 It was impossible to compare the lengths of the radii due to damage, but the 

left radius is slightly thicker than the right. The right ulna is 15mm shorter than the left 

(both measured without the styloid process). The right MC2 is 5mm shorter than the 

left, and is noticeably slimmer (Figure 8.4).  
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Figure 8.1- Deformation of the right humeral head of WF-5 with loss of convexity of the joint surface. 

Produced with kind permission of the Oxfordshire Museums Service. 

 
Figure 8.2- Deformation of the right glenoid cavity of WF-5 with loss of concavity. Produced with kind 

permission of the Oxfordshire Museums Service. 
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Figure 8.3- Ridge of compact bone on the anterolateral aspect of the proximal shaft of the right 

humerus of WF-5. Produced with kind permission of the Oxfordshire Museums Service. 

 
Figure 8.4- Length and size discrepancy of the right and left MC2s of WF-5. Produced with kind 

permission of the Oxfordshire Museums Service. 

 

Differential diagnoses for the pathological alterations observed in the right 

upper limb of WF-5 include BPP (Section 22.7.2) and fracture of the proximal humerus. 

Some of the pathological alterations observed in the scapula and humerus of WF-5 

match those frequently observed in cases of BPP (flattening of the glenoid cavity, 

deformation and flattening of the humeral head, and humeral shortening) (Kattan and 

Spitz 1968; Resnick 2002h). While the glenoid cavity was flattened, there was no 

evidence of posterior retroversion, which is commonly observed in cases of BPP 

(62%) (Waters et al. 1998). Instead, the glenoid cavity of WF-5 was angled slightly 

anteriorly. In addition, the average affected limb in BPP is 95% the length of the 

unaffected limb (Bae et al. 2008). As the right humerus of WF-5 is 78% the length of 
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the left humerus, it is clear that the limb length discrepancy is too great to be explained 

by BPP. 

The types of pathological alterations observed in the right humeral head are 

commonly observed in fractures of the anatomical neck of the humerus (Müller et al. 

1990: 62; Hertel et al. 2004). If the humeral head is separated, the blood supply is 

disrupted leading to avascular necrosis (Brooks et al. 1993; Resnick 2002n), which 

can explain the irregular and deformed shape of the humeral head (Lasanianos and 

Kanakaris 2015). Damage to the epiphysis in a developing non-adult can result in a 

shortened bone (Baxter and Wiley 1986; Lovell 1997; Resnick and Goergen 2002) (as 

observed in WF-5), which confirms that the humeral fracture took place before WF-���¶�V 

full maturation. 

The deformation of the glenohumeral joint would have resulted in abnormal 

angulation of the shoulder and would probably have limited movement in the joint. In 

addition to restricted use of the right shoulder, the shortening of the right humerus 

would have been visually distinctive. Because of the deformity and shortening, it is 

likely that WF-5 preferentially used his left arm, which can explain the slight atrophy of 

the right ulna and metacarpals. Thus, in addition to being visually distinctive, WF-5 

was probably unable to use his right upper limb to its full extent, which would have 

limited him in terms of social and economic participation. 

 

8.2.2 Watchfield 117  

 WF-117 was a middle adult male. There is diffuse smooth, striated, and porous 

PNB formation along the shafts of the right and left tibiae. There is irregular compact 

bone deposition across the right and left fibular shafts giving these bones a lumpy 

surface texture (Figure 8.5). Some areas of PNB formation along the fibular shafts are 

coralline in appearance (Figure 8.6). Unfortunately, the viscerocranium and both feet 

were not present. There are no alterations to the metacarpals or phalanges of either 

hand. 
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Figure 8.5- Smooth compact bone deposition creating a lumpy appearance on the right fibular shaft of 

WF-117. Produced with kind permission of the Oxfordshire Museums Service. 

 
Figure 8.6- Irregular, somewhat coralline new bone growth on the left fibular shaft of WF-117. 

Produced with kind permission of the Oxfordshire Museums Service. 

 

Differential diagnoses for PNB growth on the tibiae and fibulae are numerous 

(Section 22.8). There are no cloacae, caries sicca or gummatous lesions, PNB on the 

metacarpals, scapulae, or claviculae, or obvious evidence of trauma, which can 

exclude osteomyelitis, treponemal disease, HOA, and trauma respectively.  

Bilateral tibial and fibular PNB is very common in archaeological cases of 

leprosy (Møller-Christensen 1961; Lewis et al. 1995). The PNB growth on the tibiae 

and fibulae of WF-117 is similar to lower limb PNB growth observed in archaeological 

cases of leprosy, however WF-117 is missing the viscerocranium and the feet. These 

are the areas of the skeleton which are required to confirm or reject a possible 

diagnosis of leprosy. Due to the fact that PNB formation is most commonly found on 

the tibiae (Waldron 2009: 116), and because there were no other lesions consistent 

with or pathognomonic of any specific disease, it is most appropriate to conclude that 

WF-117 experienced a non-specific infection/inflammation of the lower limbs which 

was possibly leprosy. 

Regardless of the source, the diffuse chronic infection of the lower legs would 

have resulted in swelling, redness, heat, pain, and loss of function while the infection 

was active (Amft et al. 2008). These symptoms may have made the use of both legs 
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difficult, causing WF-117 to walk with a slow, abnormal gait that would have been 

visually distinctive and may have limited normal participation in social and economic 

activities. However, as there is not much porous or active periosteal reaction, it is likely 

that this infection/inflammation was healed or healing at the time of death, so it is 

difficult to determine how long WF-117 would have lived with the symptoms of this 

infection/inflammation. Therefore, the extent of WF-�������¶�V��physical impairment is 

unclear, and it would be inappropriate to say that this individual was definitely 

physically impaired. 

 

8.2.3 Watchfield 312 

 WF-312 was a young adult female. Unfortunately, WF-312 was on display at a 

museum so analysis by the current author was not possible. Palaeopathological 

alterations were described by Harman (1992):  

 

�³�7�K�L�V���L�Q�G�L�Y�L�G�X�D�O���K�D�G���L�Q�M�X�U�H�G���K�H�U��right elbow. The head of the radius, proximal articular surfaces 

of the ulna and the inferior articular surfaces of the right �K�X�P�H�U�X�V���K�D�G���V�X�I�I�H�U�H�G���I�U�D�F�W�X�U�H�V�«�7�K�H��

joint had been disrupted but not dislocated and had developed severe secondary degenerative 

osteoarthritis. The articular surfaces showed considerable osteophytosis and the elbow would 

�K�D�Y�H���E�H�H�Q���H�Q�O�D�U�J�H�G���D�Q�G���S�D�L�Q�I�X�O�´. 

 

Osteological analysis performed by Evelyne Godfrey in 2013 confirms the fact 

that there was a fracture to the distal humerus and proximal radius and ulna of the 

right upper limb. As demonstrated in Figure 8.7, it appears that there is damage to the 

right distal humerus and the proximal radius and ulna with severe deformation of the 

radial head. It is possible that due to the large osteophytic growth and deformation of 

the radial head, proper articulation of the elbow joint was not possible, resulting in 

fixation of this joint in one position.  
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Figure 8.7- Traumatic injury to the right elbow of WF-312. Source: Unpublished archive held by 

Oxfordshire Museums Service. © Oxfordshire Museums Service. 
 

Differential diagnosis for the pathological alterations described is difficult as 

macroscopic analysis was not possible. Tuberculous (Section 22.4.3) and septic 

arthritis (Section 22.5.7) are considered. Tuberculous arthritis is usually accompanied 

by diffuse lytic destruction (Resnick 2002l; Ortner 2003: 222), and septic arthritis is 

both highly destructive (Steinbock 1976: 299; Waldron 2009: 89) and results in 

considerable proliferation of new bone which can lead to ankylosis (Rogers and 

Waldron 1989: 88; Rogers and Waldron 1995). If the pathological alterations observed 

in WF-312 were caused by either tuberculous or septic arthritis, it is likely that more 

lytic destruction would have been observed. 

Harman (1992) reported that there were fractures to the distal right  humerus 

and the proximal right radius and ulna of WF-312. Although the deformation of the 

radial head is consistent with a fracture of the proximal radius, it is difficult to determine 

whether there were fractures to the proximal ulna and distal humerus solely from the 

photograph. It is highly likely, however, that Harman (1992) was able to identify 

fractures in both of these elements during her macroscopic analysis. 

Fractures and dislocations of the elbow are relatively rare, accounting for 5-8% 

of all fractures/dislocations, and are usually caused by direct impact of the radius and 

ulna against the distal humerus, or by indirect injury from forces radiating through the 

radius and ulna (Resnick 2002n). Fractures of the distal humerus, proximal radius, 
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and proximal ulna are associated with limited range of motion, instability, nerve 

damage, and OA, the last being reported by Harman (1992) (Resnick 2002n). It is 

therefore probable that the alterations to the right elbow of WF-312 would have limited 

use of the right upper limb, which would have restricted normal participation in social 

and economic activities.  

 

8.2.4 Watchfield 318 

 WF-318 was a young adult who was probably male. There is an area of porous 

woven bone on the centre of the left zygomatic body (Figure 8.8). There is an area of 

smooth, new, compact bone formation on the frontal process of the left maxilla. There 

is irregular new bone formation on an unidentifiable cranial fragment (probably 

maxillae or sphenoid) as well as what appears to be a lytic lesion, which created a 

depression in the surface of the bone. The remainder of the skull is mostly articulated 

and there is no other evidence of PNB growth.  

 
Figure 8.8- Woven bone on the body of the left zygomatic bone of WF-318. Produced with kind 

permission of the Oxfordshire Museums Service. 
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 The porous PNB growth on the left zygomatic body and the PNB growth and 

lytic lesion on the unidentified cranial fragment suggest that there was an active 

inflammation of the periosteum in these areas. As there was no other bony evidence 

of inflammation on the remainder of the skull or in the intact sinuses, it is difficult to 

determine to what extent this active facial inflammation would have affected WF-318 

in life. It is possible that there was localised trauma to the face which was in the 

process of healing at the time of death, or it is possible that WF-318 had some sort of 

infection. But with such scant evidence, it is difficult to determine if there would have 

been any affected soft tissue, and the possibility remains that WF-318 was not visually 

distinctive. If the infection had affected soft tissue, it is possible that WF-�������¶�V��

respiration or vision was affected (if the unidentified cranial fragment was part of the 

orbit). But due to the lack of explicit skeletal evidence, it can only be said that WF-318 

was possibly physically impaired. 
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9 Windmill Hill 

9.1 Qualitative comparison of palaeopathological analysis 
Pathological but non-physically impairing lesions observed by the current 

author in the random sample of 30 individuals were mentioned specifically by Green 

(2016) (e.g. diffuse idiopathic skeletal hyperostosis (DISH) in WMH-6, cervical fusion 

in WMH-68, PNB formation in WMH-70, and OA and degenerative disc disease of the 

spine in WMH-80). Green (2016) also mentioned the kyphosis observed in WMH-10 

and the exceptional gracility of the long bones in WMH-18, both of which were 

considered potentially physically impairing by the current author. Thus, the previous 

palaeopathological analysis was comprehensive and did not differ significantly from 

�W�K�H���F�X�U�U�H�Q�W���D�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V�� 

 

9.2 Detailed differential diagnoses 

9.2.1 Windmill Hill 10 

 WMH-10 was a middle adult who was possibly female. There are two separate 

units of ankylosed thoracic vertebrae. The inferior unit consists of three vertebrae: two 

fused bodies and three neural arches which have not completely fused through the 

zygapophyseal joints. The most superior body in this unit shows evidence of anterior 

wedging and lytic destruction of the superior surface. The superior ankylosed unit 

consists of three or four thoracic vertebrae (Figure 9.1). The inferior vertebra in this 

unit shows evidence of severe anterior wedging and the zygapophyseal joints of this 

vertebra have fused with the vertebra below at around a 90º angle, resulting in severe 

kyphosis.  
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Figure 9.1- Kyphosis of the superior ankylosed unit of the thoracic spine of WMH-10. Produced with 

kind permission of Nottingham City Museums and Galleries. 

 

 Differential diagnoses for the pathological alterations observed in the spine of 

WMH-10 include osteomyelitis, brucellosis, and TB, the latter of which is the most 

likely diagnosis (Section 22.4.1). TB of the spine results in the destruction and collapse 

of vertebral bodies and ankylosis and kyphosis of adjacent vertebrae in order to 
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stabilise the compromised spine (Resnick 2002l; Holloway et al. 2011), all of which 

are demonstrated in WMH-10. 

The kyphosis of the thoracic spine would have resulted in a noticeable gibbus 

deformity of the back. WMH-10 also probably experienced the impairments caused by 

severe alterations to the spinal column including paraparesis or paraplegia of the lower 

limbs, loss of urinary/faecal control, pain, sensory impairment, and an abnormal gait 

(Section 22.4.1) (Turgut 2001; Resnick 2002l; Roberts and Buikstra 2003: 95). The 

gibbus deformity and the possibility of an abnormal gait would have made WMH-10 

visually distinctive in life. Partial or full paralysis of the lower limbs, pain, sensory 

impairment, and loss of urinary/faecal control, along with general clinical symptoms of 

TB (fever, malaise, weight loss) (Hopewell 1994), would certainly have negatively 

impacted and limited WMH-10�¶�V���D�E�L�O�L�W�\���W�R���S�D�U�W�L�F�L�S�D�W�H���Q�R�U�P�D�O�O�\���L�Q���H�F�R�Q�R�P�L�F���D�Q�G���V�R�F�L�D�O��

interactions. 

 

9.2.2 Windmill Hill 18 

WMH-18 was a young adult female. The lesser trochanters of both femora are 

fused, and the medial right clavicle is unfused, giving an age range of 16-29 years 

(Scheuer and Black 2000). All mandibular molars are present, providing an age range 

of 17-25 years (Brothwell 1981). Besides an increased FNA in both femora, there is 

nothing abnormal about the shape of the long bones, however they are extremely 

slender and gracile (Figure 9.2). The measurements for WMH-18 are provided in Table 

9.1.  

 
Figure 9.2- Gracile humeri of WMH-18. Produced with kind permission of Nottingham City Museums 

and Galleries. 
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Table 9.1- Measurements for WMH-18. 

 Measurement R (mm) L (mm) 
Clavicle Maximum length 128 - 
Scapula Glenoid cavity width 22 - 

Humerus 
Epicondylar breadth 52 - 
Vertical head diameter - 35 
Maximum diameter at midshaft 18 - 

Radius Maximum length 211 - 

Femur 

Maximum length 399 - 
Bicondylar length 397 - 
Maximum head diameter - 38 
Subtrochanteric anterior-posterior diameter 21 22 
Subtrochanteric medial-lateral diameter 21 20 
Midshaft anterior-posterior diameter 20 19 
Midshaft medial-lateral diameter 15 13 

Tibia 

Maximum length 319 - 
Maximum proximal epiphyseal breadth - - 
Anterior-posterior diameter at nutrient foramen 20 21 
Medial-lateral diameter at nutrient foramen 18 17 

 

Stature for this individual was calculated following Trotter (1970) (Table 9.2). 

The most accurate measurement provides a stature of 153.0 ± 3.55cm which is 

�E�H�W�Z�H�H�Q�����¶�����´���D�Q�G�����¶���´�����7�R���E�H���F�R�Q�V�L�G�H�U�H�G���D���G�Z�D�U�I�����D�Q���L�Q�G�L�Y�L�G�X�D�O���P�X�V�W��more than three 

standard deviations shorter than the mean stature for their sex group (Waldron 2009: 

195). The mean stature for adult females in the Windmill Hill population was 163.8cm 

with a standard deviation of 7.46cm. An individual must be shorter than 141.4cm to be 

considered dwarf in this population, which was not the case for WMH-18. 

 

Table 9.2- Trotter (1970) calculations for the stature of WMH-18. 

Element Stature (cm) 
Radius 154.9 ± 4.24  
Femur 152.7 ± 3.72 
Tibia 154.0 ± 3.66 
Femur + tibia 153.0 ± 3.55 

 

While it remains a possibility that WMH-18 was simply a small and gracile 

female, the combination of noticeably gracile long bones and the obvious bilateral 

increase in the FNA of both femora is more suggestive of a neuromuscular disease or 

paralysis (Section 22.7.1), which can cause atrophy of the hip and leg muscles 
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resulting in a vertically-oriented femoral neck (Resnick 2002h). Poliomyelitis and CP 

are both possible diagnoses for the alterations observed in WMH-18. Of the individuals 

aged 16-30 years affected by poliomyelitis, 26.8% were affected in both arms and both 

legs (Weinstein et al. 1952) as observed in WMH-18 (although upper limb involvement 

was not as severe). CP tends to involve multiple limbs (Minear 1956; Shevell et al. 

2003), and diplegia of the lower limbs with some involvement of the upper limbs is very 

common (Jan 2006). No scoliosis was noted in the eight thoracic and two lumbar 

vertebrae present, nor were there any deformities observed in the relatively complete 

feet, or in the minimally complete hands that would corroborate a diagnosis of 

poliomyelitis or CP. It also remains possible that disuse atrophy of the limbs was 

caused by another condition (spinal cord injury, stroke, etc.). 

Without more characteristic skeletal changes, a specific diagnosis for WMH-18 

is not possible. However, if we exclude simple small stature as a diagnosis (due to the 

very obvious increased FNAs), the functional impacts of paraplegia/quadriplegia can 

be considered. As the lower limbs of WMH-18 show evidence of disuse atrophy, it is 

unlikely that she would have been able to walk or move around independently, and 

therefore she may have required external care-giving to ensure survival (see Volume 

2, Section 10.2.2.9). In a clinical study investigating quality of life in individuals who 

had experienced spinal cord injury, the most common consequence of their paralysis 

was urinary and anal incontinence, muscle spasms, and pressure ulcers (Blanes et al. 

2009). If, in addition, WMH-18 also had partial or total upper limb paralysis, use of the 

arms would have been restricted and normal participation in social and economic 

activities would have been further limited. Thus, WMH-18 may have be visually 

distinctive with atrophied legs and arms, and, as it is likely that she required assistance 

to move about, the surrounding community was probably aware of her condition. In 

addition, if WMH-18 had CP, there it is high probability that she had an intellectual 

disability which may have differentiated her behaviourally from the community, and 

increased the amount of assistance required for daily living. 

 

9.2.3 Windmill Hill 54 

 WMH-54 was a middle adult male. There is a fracture of the distal right forearm 

which resulted in non-union of the distal end of the ulna (Figure 9.3). There is a well-

healed but malaligned fracture of the distal right radius with posterior displacement 
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(Figure 9.4). There is evidence of a cloaca on the anterior distal surface of the radius 

(circular, 6mm x 5mm) which connects via a channel to a cloaca on the posterior distal 

surface of the radius (oval, 8mm x 5mm).  

 
Figure 9.3- Non-union of the distal end of the right ulna of WMH-54. Produced with kind permission of 

Nottingham City Museums and Galleries. 

 
Figure 9.4- Posterior displacement of the distal end of the right radius of WMH-54. Produced with kind 

permission of Nottingham City Museums and Galleries. 

 

 The cloaca observed on the distal posterior surface of the right radius is 

indicative of osteomyelitis (Resnick 2002k; Roberts and Manchester 2010: 169) 

(Section 22.1). It is likely that when the bone was fractured, bacteria was introduced 

into the wound causing infection of the bone marrow in the medullary cavity. As the 

involucrum around the affected area is almost completely smooth and well-integrated 

into the shaft, and the cloaca has very rounded edges, we can surmise that WMH-54 

experienced chronic osteomyelitis.  

The clinical features of osteomyelitis are discussed in more detail in Section 

22.1, but WMH-54 probably experienced chronic pain, swelling, tenderness, and 

persistent drainage through fistulae (Waldvogel et al. 1970; Panteli and Giannoudis 

2017). While in modern populations intermittent reoccurrence of pain and swelling 

occurs in affected bone (Waldvogel et al. 1970), it is possible that the lack of antibiotics 

meant the lesion observed in WMH-54 was a much more regular feature in his life. In 
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addition, the fracture to the distal radius healed at a posterior angle which would have 

placed the wrist in an abnormal position. This, along with the probable discomfort 

caused by the osteomyelitis, would certainly have limited WMH-�����¶�V���X�V�H���R�I���W�K�H���U�L�J�K�W��

upper limb, which could have negatively affected his ability to participate normally in 

social and economic interactions. While a slightly abnormally angled wrist was 

probably not extremely obvious to those around him, it is possible that the draining 

fistula in his wrist was.  

 

9.2.4 Windmill Hill 71 

 WMH-71 was a young adult female between the age of 17-23 years (Scheuer 

and Black 2000). The right ulna and radius are considerably more slender than the left 

(Figure 9.5). Due to poor preservation, no length measurements were possible, 

however the widest part of the midshaft of the radius measures 15mm on the right side 

and 10mm on the left. It was impossible to compare the lengths of the humeri due to 

damage, but it appears as if the left humerus is slightly more slender and shorter than 

the right, despite both measuring 21mm at the widest midshaft width (Figure 9.6). The 

right MC3 and MC4 are shorter and slightly more slender than their left counterparts 

(Figure 9.7). There are no abnormalities in the scapulae or claviculae (although they 

were damaged) nor in the lower limbs or feet.  

 
Figure 9.5- Size discrepancy between the left and right ulnae of WMH-71. Produced with kind 

permission of Nottingham City Museums and Galleries. 
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Figure 9.6- Possible size discrepancy between the left and right humeri of WMH-71. Produced with 

kind permission of Nottingham City Museums and Galleries. 

 
Figure 9.7- Size discrepancy between the right (bottom) and left (top) MC4s of WMH-71. Produced 

with kind permission of Nottingham City Museums and Galleries. 

  

As the lengths of the left radius and ulna (and possibly humerus) were probably 

compromised, it can be concluded that the condition which caused this shortening 

occurred in childhood before development had ceased. Differential diagnosis for 

atrophy of the upper limb includes various conditions (Section 22.7.2).  

Monomelic amyotrophy (MMA), which more commonly affects males and 

predominately affects Asian populations (Hirayama et al. 1987), is unlikely to explain 
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the alterations observed in WMH-71. Acute brachial neuritis (Parsonage-Turner 

syndrome) and cerebrovascular accident (CVA) tend to occur in adults who have 

already fully developed, and therefore could not result in the shortening of the radius 

and ulna observed in WMH-71. Direct trauma to the shoulder and spinal cord tends to 

cause more localised paralysis and could not account for the amount of atrophy 

observed throughout the entire upper limb (Lieverse et al. 2008). While the left 

humerus of WMH-71 appears more slender than the right, there are no abnormalities 

typical of BPP noted in the clavicle or scapulae (although they were damaged). 

�.�O�X�P�S�N�H�¶�V���S�D�O�V�\���U�H�V�X�O�W�V���L�Q���S�D�U�D�O�\�V�L�V���F�R�Q�I�L�Q�H�G���W�R���W�K�H���K�D�Q�G��(Al-Qattan et al. 1995), which 

would not explain the atrophy of the radius and ulna. CP is a possible diagnosis, but 

although monoplegia usually involves the upper limb (Jan 2006), it is a rare form of 

the disease (Minear 1956; Shevell et al. 2003), and therefore is a less likely diagnosis 

for WMH-71. 

Weinstein et al. (1952) found that of 428 patients with poliomyelitis, paralysis of 

one arm occurred in 18.1% of the entire sample population and was most common in 

children between the ages of 6-15 years (27.3%) (Weinstein et al. 1952). Thus, it is 

possible that poliomyelitis caused paralysis of the left upper limb when WMH-71 was 

still developing, leading to impeded growth and limb shortening.  

In summary, the left upper limb of WMH-71 was probably paralysed at some 

point during childhood leading to atrophy and bone shortening. While it is difficult to 

determine the exact cause of the upper limb paralysis of WMH-71, the functional 

implications can be discussed. The asymmetry between the right and left arms may 

not have been visibly noticeable, but it is unlikely that WMH-71 was able to use the 

left arm to its full extent due to muscle weakness, which probably restricted her in 

terms of participation in social and economic activities.  

 

9.2.5 Windmill Hill 75 

 WMH-75 was a middle adult who was possibly male. The left radius and ulna 

are fused together towards the distal end by a flat area of smooth compact bone 

measuring c.45mm in length (proximal-distal). Due to the remodelling of both bones, 

it is difficult to determine if one or both bones were fractured. There is no obvious 

abnormality in the angle of either shaft. 
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 The left MC2 has a mass of smooth compact bone on the dorsal proximal 

aspect, suggesting another possible healed fracture. The left humerus shows no sign 

of atrophy, with a pronounced deltoid tuberosity suggesting continued use of the arm 

in life. The right and left scapulae and metacarpals were impossible to compare 

metrically due to damage, but they appear to be similar in size. 

Fracture of the radius and ulna as observed in WMH-75 is common and can 

lead to significant displacement, angulation, and rotation (Resnick 2002n). Nerve and 

vascular injuries can occur in cases of significant displacement and synostosis may 

also occur, although it is rare (Resnick 2002n). Synostosis did occur in WMH-75 and 

would have fixed the forearm in supination.  

 Clinical research on individuals who have radio-ulnar synostosis with supination 

fixation as a result of surgery or neurological injury reported many issues with the 

positioning of their forearms (Simmons et al. 1983; Hankins et al. 2006). Patients found 

�W�K�D�W�� �I�L�[�D�W�L�R�Q�� �L�Q�� �V�X�S�L�Q�D�W�L�R�Q�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �G�H�F�U�H�D�V�H�G�� �W�K�H�� �I�R�U�H�D�U�P�¶�V�� �I�X�Q�F�W�L�R�Q�D�O�L�W�\���� �K�D�G�� �D��

negative impact cosmetically, and created difficulty using the forearm for everyday 

tasks (Simmons et al. 1983). To be able to use the forearm in a pronated position, the 

shoulder had to be abducted and internally rotated to an extreme degree which 

patients found extremely tiring (Simmons et al. 1983; Hankins et al. 2006).  

 It is likely that WMH-75 experienced similar symptoms to the individuals in the 

above clinical studies. The fixation of the forearm in a supinated position would have 

been visually distinctive, as the individual would have had his palm permanently facing 

upwards. In addition to the cosmetic distinction, it is also likely that WMH-75 had 

difficulty using his left arm due to the inability to pronate. Although it is clear that the 

left arm was still used in life based on the pronounced deltoid tuberosity of the 

humerus, it is still possible that the fusion of the left radius and ulna put WMH-75 at a 

disadvantage when it came to certain economic and social activities that necessitated 

full use of both upper limbs. 

 

9.2.6 Windmill Hill 89 

 WMH-89 was an adolescent of indeterminate sex between the ages of 14.5-

16.5 years (AlQahtani et al. 2010). There is PNB formation throughout the skeleton as 

summarised in Table 9.3. Much of the PNB formation is woven but there are areas 
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that have progressed to smoother, striated compact bone. The right ribs are much 

more affected than the left ribs.  

 

Table 9.3- Description of the woven PNB formation observed throughout WMH-89. 

Bone Aspect affected 

Mandible 
Medial surface of R ascending ramus 
Lateral surface of L ascending ramus 

R sphenoid Greater wings (external) 
Maxillae Both maxillary sinuses 
R temporal Around (?inside) EAM 
R/L clavicles Inferior body 
R/L scapula Anterior blade (Figure 9.8) 
Ribs Shafts (Figure 9.9 and Figure 9.10) 
R/L humerus Shaft, sparing joints (Figure 9.11) 
R/L ulna Shaft, sparing joints (Figure 9.12) 
R/L radius Shaft, sparing joints 
R/L metacarpals Shaft, sparing joints 
R/L ilium Lateral side (Figure 9.13) 
R/L femur Shaft, sparing joints (Figure 9.14) 
R/L tibia Shaft, sparing joints 
R/L fibula Shaft, sparing joints 
R/L calcaneus Body 
R/L metatarsals Shaft, sparing joints 
R/L foot phalanges Shaft, sparing joints 

 

 
Figure 9.8- Woven PNB formation on the anterior surface of the left scapula of WMH-89. Produced 

with kind permission of Nottingham City Museums and Galleries. 
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Figure 9.9- Woven PNB on the visceral surface of a rib fragment of WMH-89. Produced with kind 

permission of Nottingham City Museums and Galleries. 

 
Figure 9.10- Woven PNB on the right ribs of WMH-89 in comparison to the left ribs. Produced with 

kind permission of the Nottingham City Museums and Galleries. 
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Figure 9.11- Woven PNB on the distal shaft of the right humerus of WMH-89. Produced with kind 

permission of Nottingham City Museums and Galleries. 

 
Figure 9.12- PNB formation on the right ulna of WMH-89. Produced with kind permission of 

Nottingham City Museums and Galleries. 
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Figure 9.13- PNB formation on the lateral surface of the right ilium of WMH-89. Produced with kind 

permission of Nottingham City Museums and Galleries. 

 
Figure 9.14- Striated PNB growth on the medial aspect of the proximal right femur of WMH-89. 

Produced with kind permission of Nottingham City Museums and Galleries. 
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PNB in the post-cranial skeleton can be caused by a number of conditions 

which are discussed in more detail in Section 22.8. The distribution of the PNB 

formation observed in WMH-89 matches most closely with treponemal disease and 

HOA, but because no gummatous lesions or caries sicca were present (in a well-

preserved skeleton with a skull present), treponemal disease is a less likely diagnosis.  

A better diagnosis for the diffuse PNB growth observed in WMH-89 is HOA 

(Section 22.9). HOA is characterised by symmetrical, bilateral PNB formation of the 

distal tubular bones (particularly the tibiae and fibulae) including the metacarpals and 

phalanges (Fennell and Trinkaus 1997: 354; Ortner 2003), the skull, claviculae, 

scapulae, calcanei (Mays and Taylor 2002), and, less frequently, the pelvis and ribs 

(Ali et al. 1980). Therefore, the distribution of PNB observed in WMH-89 matches well 

with the typical distribution of PNB observed in clinical cases of HOA. Because both 

primary and secondary HOA can result in a similar distribution patterns of PNB 

formation (Pineda et al. 1987), it is not appropriate to determine whether WMH-89 had 

primary or secondary HOA based on PNB distribution. However, as WMH-89 shows 

evidence of such extensive diffuse PNB formation at such a young age, it is perhaps 

more likely that this was a case of primary HOA. 

Regardless of whether WMH-89 experienced primary or secondary HOA, due 

to the diffuse and advanced periostitis, it is highly likely that this individual experienced 

deep aching or burning pain, heat, and swelling of affected areas which would improve 

upon elevation of the limb (Nahar et al. 2007). If synovial effusions were present, 

WMH-89 would also have experienced joint pain, swelling, and restricted movement. 

If WMH-89 did experience primary HOA, they were more likely to have cutaneous 

involvement, perhaps making them visually distinctive to their community.   

Painful and swollen limbs and joints, bone pain, and restricted movement are 

likely to have limited WMH-�����¶�V���Q�D�W�X�U�D�O���S�D�U�W�L�F�L�S�D�W�L�R�Q���L�Q���H�F�R�Q�R�P�L�F���D�Q�G���V�R�F�L�D�O���D�F�W�L�Y�L�W�L�H�V����

The need to remain sedentary may have been all the more noticeable in an adolescent 

individual, as a more active lifestyle was probably expected. Although the changes in 

the soft tissue (abnormal skin growth) cannot be determined based on osteological 

data, we can summarise that, due to the diffuse periostitis, WMH-89 probably lived 

with a mild to significant amount of pain (Golding 1985), indicating that he was 

probably physically impaired.  
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10  Worthy Park 

10.1 Qualitative comparison of palaeopathological analysis 
There were several non-physically impairing alterations noted by the current 

author in the random sample of 30 individuals which were not mentioned specifically 

by Wells et al. (2003) (e.g. OA of the spine in WP-12 and WP-20, and a maxillary 

abscess in WP-20). However, they do address these topics in general without giving 

specific skeleton numbers, and it is likely that they included these individuals in their 

analysis. Wells et al. (2003) specifically mention the PNB formation on both tibial and 

fibular shafts in WP-�����$�����D�Q�G���W�K�H���E�L�O�D�W�H�U�D�O���&�R�O�O�H�V�¶���I�U�D�F�W�X�U�H�V���L�Q��WP-68, which were also 

noted by the current author. Thus, the previous palaeopathological analysis was 

comprehensive and did not differ significantly from the cu�U�U�H�Q�W���D�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V�� 

 

10.2 Detailed differential diagnoses 

10.2.1 Worthy Park 2 

 WP-2 was an older adult female (although the current author recorded WP-2 

as a middle adult female). There is anterior collapse of L3 (and L4 to a lesser extent), 

resulting in ankylosis between the two vertebral bodies and kyphosis of the lumbar 

section of the spine. The collapse in both vertebrae appears more severe on the left 

side, which caused angulation of the lumbar section of the spine to the left. There is 

osteophytic lipping extending from the left inferior border of L4, which has fused 

(broken post-mortem) with osteophytic lipping extending from the left superior border 

of L5 (Figure 10.1).  
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Figure 10.1- Left angulation of the lumbar spine and osteophytic lipping of L4 and L5 of WP-2. 
Produced with kind permission of The Duckworth Laboratory. 

 

Differential diagnoses for the pathological alterations observed in the lumbar 

spine of WP-2 include TB (Section 22.4.1) and trauma. While the anterior collapse of 

L4 and the resultant kyphosis are both typical of spinal TB, the formation of the 

osteophytes from L4 and L5 are not, as there is usually little new bone formation in TB 

(Waldron 2009: 93). 

Fractures of the vertebrae below L2 are rare due to the immobility of the region 

and the surrounding soft tissue protection (Pathria 2002). Compression fractures 

involve only the anterior half of the vertebral body, while burst fractures involve both 

the anterior and posterior halves of the vertebral body, but not the neural arch (Denis 

1983). While it is clear that there was compression of the anterior half of L4 in WP-2, 
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it is difficult to tell if there was a fracture in the posterior half as well, due to the fusion 

of the two bones and the lack of x-rays. Compression fractures are much more 

common in the thoracic region than the lumbar (c.80%), while burst fractures are much 

more common in the lumbar region than the thoracic (c.76%) (Denis 1983), making a 

burst fracture a more likely diagnosis for WP-2. While compression fractures were not 

associated with any neurological deficits, 96.4% of individuals with burst fractures 

presented with incomplete paraplegia (Denis 1983). �7�K�H���L�Q�G�L�Y�L�G�X�D�O�V���L�Q���'�H�Q�L�V�¶�V (1983) 

clinical study had access to modern medicine, thus the degree of neurological deficit 

experienced by WP-2 may have been more severe. In addition, it was clinically 

reported that burst fractures of the lumbar spine may result in a loss of lordosis, but 

not kyphosis (Denis 1983), although kyphosis is clearly observable in WP-2. 

Lumbar degenerative kyphosis (LDK) �L�V�� �D�� �W�\�S�H�� �R�I�� �³�I�O�D�W�� �E�D�F�N�´�� �F�R�Q�G�L�W�L�R�Q�� �Z�K�L�F�K��

has been linked to specific lifestyles (e.g. crouched agricultural work) (Lee et al. 2017). 

Although it is unlikely that WP-2 had LDK, as the alterations are more typical of 

traumatic injury, WP-2 probably exhibited similar clinical symptoms, as LDK results in 

kyphosis of the lumbar spine. Lumbar kyphosis results in deformity of the spine, which 

restricts the individual from the natural forward facing gaze (Roussouly and Nnadi 

2010) (Figure 10.2). In an attempt to remedy this, the individual usually alters the angle 

of the pelvis, which is biologically inefficient and causes them to tire easily (Roussouly 

and Nnadi 2010). 90% of 105 patients with LDK reported significant prolonged lower 

back pain usually around the apex of the kyphosis, and in many cases found it difficult 

to perform normal daily tasks (Takemitsu et al. 1988). The kyphosis observed in WP-

2 would have caused similar clinical manifestations in life. WP-2 would have been 

visually distinctive with a hunched-over appearance and may have moved with an 

abnormal gait. In addition, social interaction was probably disrupted due to an inability 

to gaze forward, and pain and fatigue would have restricted normal participation in 

social and economic activities. 
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Figure 10.2- Classification of types of LDK. Source: Takemitsu et al. (1988: 1318). Reprinted by 

permission from Wolter Kluwer Health, Inc: Takemitsu, Y, Harada, Y, Iwahara, T, Miyamoto, M, and 
Miyatake, Y, Lumbar degenerative kyphosis: clinical, radiological and epidemiological studies, Spine 

13(11): 1318, 
https://journals.lww.com/spinejournal/Abstract/1988/11000/Lumbar_Degenerative_Kyphosis__Clinical

,.19.aspx . © 1988 Lippincott-Raven Publishers. 

 

10.2.2 Worthy Park 14 

 WP-14 was an adult male (although the current author recorded WP-14 as a 

middle adult male). There is a well-healed but severely malaligned fracture of the right 

forearm (Figure 10.3). The distal two-thirds of the shaft of the radius is displaced and 

rotated medially so that the styloid process of the radius is anterior when articulated 

with the ulna. Similarly, the distal half of the right ulna is displaced medially, but it is 

difficult to tell whether there is any abnormal rotation as the styloid process has been 

destroyed. Overall, the fracture and abnormal healing angle has made the right 

forearm considerably shorter than the left: the right radius is 27mm shorter than the 

left and the right ulna is 33mm shorter than the left. 

 It is difficult to compare the sizes of the right and left scapulae and metacarpals 

due to post-mortem damage, but the glenoid cavities of the scapulae appear similar in 

size, as do the best-preserved metacarpals. There is no difference between the sizes 

of the carpals on the right and left sides.  
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Figure 10.3- Medial angulation of the distal half of the right ulna of WP-14. Note angulation of 

approximately 35º. Produced with kind permission of The Duckworth Laboratory. 

 

Fracture of the radius and ulna as observed in WP-75 is common and can lead 

to significant displacement, angulation, and rotation (Resnick 2002n). Nerve and 

vascular injuries can occur in cases of significant displacement and synostosis may 

also occur, although it is rare (Resnick 2002n).  

 Although the right forearm is noticeably shorter than the left, this appears to be 

because of the angle of the fracture rather than a disruption of diaphyseal growth, 

which suggests that the fracture occurred after development had ceased. The 

angulation of the healed fracture displaced the distal end of the forearm medially, 

which would have placed the right hand at an abnormal angle. 

 As there are no obvious differences in the size or shape of the glenoid cavities, 

metacarpals, or humeri, it is likely that WP-14 continued to use the right arm in life. 

However, due to the angulation of the healed fracture, the right forearm would have 

been visibly distinctive, and it is likely that WP-14 encountered some difficulty using 

the right arm, as the hand would have been in an abnormal position. It is also possible 

that the ability to pronate and supinate was restricted, and arm rotation may have been 

limited. Therefore, in addition to being visibly distinctive, WP-14 was probably 

restricted in terms of normal social and economic participation. 
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10.2.3 Worthy Park 39  

 WP-39 was a middle adult female. Unfortunately, the skeletal remains of WP-

39 were not available for analysis and their whereabouts are unknown. Field notes by 

�6�R�Q�L�D���+�D�Z�N�H�V�� �U�H�F�R�U�G�� �W�K�D�W�� �W�K�H�U�H�� �Z�D�V�� �³�I�X�V�L�R�Q�� �D�Q�G�� �G�H�I�R�U�P�D�W�L�R�Q���R�I�� �V�H�Y�H�U�D�O�� �Y�H�U�W�H�E�U�D�H�´����

and Bernard Denst�R�Q�¶�V���I�L�U�V�W���H�[�D�P�L�Q�D�W�L�R�Q���R�I���W�K�H���E�R�Q�H�V���U�H�F�R�U�G�H�G���Z�K�D�W���K�H���W�K�R�X�J�K�W���Z�D�V��

TB of the first six thoracic vertebrae (Wells et al. 2003: 176). In addition, from the in 

situ grave drawing and excavation photo provided, it is clear that the spine of WP-39 

was abnormally shortened, which was probably caused by kyphosis of the spine 

(Figure 10.4). 

 
Figure 10.4- In situ photograph and grave drawing of WP-39. Note the abnormally shortened spine. 

Source: Hawkes and Grainger (2003: 146, 48). © Oxford University School of Archaeology. 

 

Differential diagnoses for the pathological alterations described in the spine of 

WP-39 include osteomyelitis, brucellosis, metastatic carcinoma, and TB, the latter of 

which is the most likely diagnosis (Section 22.4.1). Metastatic carcinoma can cause 

vertebral body collapse and kyphosis (Resnick 2002v), but as there was no mention 
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of any other lesions typical of metastatic carcinoma in the other skeletal elements, this 

is a less likely diagnosis. TB of the spine results in the destruction and collapse of 

vertebral bodies, and ankylosis and kyphosis of adjacent vertebrae in order to stabilise 

the compromised spine (Resnick 2002l; Holloway et al. 2011), all of which were 

described by previous researchers or inferred from the grave drawing and excavation 

photo.  

From the grave drawing and excavation photo (Figure 10.4), it is clear that WP-

39 would have had a noticeable gibbus deformity of spine. WP-39 also probably 

experienced the impairments caused by severe alterations to the spinal column 

including paraparesis or paraplegia of the lower limbs, loss of urinary/faecal control, 

pain, sensory impairment, and an abnormal gait (Section 22.4.1) (Turgut 2001; 

Resnick 2002l; Roberts and Buikstra 2003: 95). The gibbus deformity and the 

possibility of an abnormal gait would have made WP-39 visually distinctive in life. 

Partial or full paralysis of the lower limbs, pain, sensory impairment, and loss of 

urinary/faecal control, along with general clinical symptoms of TB (fever, malaise, 

weight loss) (Hopewell 1994), would certainly have negatively impacted and limited 

WP-39�¶�V���D�E�L�O�L�W�\���W�R���S�D�U�W�L�F�L�S�D�W�H���Q�R�U�P�D�O�O�\���L�Q���H�F�R�Q�R�P�L�F���D�Q�G���V�R�F�L�D�O���L�Q�W�H�U�D�F�W�L�R�Q�V�� 

 

10.2.4 Worthy Park 45 

 WP-45 was a young adult male (although the current author recorded WP-45 

as a young adult of indeterminate sex). The left humerus, radius, ulna, and clavicle 

appear more slender than the right, although there is more taphonomic damage to the 

left upper limb than the right (Figure 10.5 and Figure 10.6). Due to post-mortem 

damage, no measurements were available except for the midshaft of the humeri, 

which may not be completely accurate due to the taphonomic changes (right: 24mm, 

left: 19mm). While the right hand survived, the left did not, so a comparison between 

the sizes of the carpals and metacarpals was not possible. It is also possible that the 

absence of the left hand is indicative of differential taphonomic damage to the skeleton 

in situ- perhaps the left limb appears more slender because taphonomic destruction 

affected the left upper limb more than the right.  



 

129 
 

 
Figure 10.5- Asymmetry between the right and left humeri of WP-45. Produced with kind permission 

of The Duckworth Laboratory. 

 
Figure 10.6- Asymmetry between the right and left claviculae of WP-45. Produced with kind 

permission of The Duckworth Laboratory. 

 

If we exclude taphonomic damage as a possibility, it is clear that there was 

atrophy of the left upper limb of WP-45. Although the radius, ulna, and humerus appear 

more slender and gracile than the right side, their lengths could not be measured, 

making it difficult to determine at what point in WP-�����¶�V���O�L�I�H���W�Ke atrophy of the left upper 

limb occurred. Differential diagnoses for atrophy of the upper limb include various 

conditions (Section 22.7.2). MMA predominately affects Asian populations (Hirayama 
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et al. 1987), and is therefore unlikely to explain the alterations observed. Direct trauma 

to the shoulder and spinal cord tends to cause more localised paralysis and probably 

could not account for the amount of atrophy seen throughout the entire upper limb 

(Lieverse et al. 2008). CP is a possible diagnosis, but although monoplegia usually 

involves the upper limb (Jan 2006), it is a rare form of the disease (Minear 1956; 

Shevell et al. 2003), and therefore is a less likely diagnosis for WP-45. 

The left scapula and proximal head of the left humerus were missing so an 

investigation of their normal or abnormal shape was impossible. Because of these 

missing elements, BPP must remain a possible diagnosis for this individual. CVA can 

cause a loss of function in the affected limb (Parker et al. 1986). CVA is much more 

common in adults than non-adults (Towfighi et al. 2008), therefore if WP-45 

experienced CVA as an adult, atrophy of the long bones with no loss of length would 

be expected. Unfortunately, it was impossible to confirm whether there was a 

shortening of the left upper limb due to poor preservation, and therefore CVA must 

remain a possible diagnosis.   

Weinstein et al. (1952) found that of 428 patients with poliomyelitis, paralysis of 

one arm occurred in 18.1% of the entire sample population and was most common in 

children between the ages of 6-15 years (27.3%) (Weinstein et al. 1952). Thus, if there 

was shortening of the upper limb long bones in WP-45 (which could not be confirmed), 

it is possible that poliomyelitis was the cause. If there was no limb shortening, 

poliomyelitis is a less likely cause as only 14.3% of individuals with poliomyelitis 

between 16-30 years of age, and 14.3% of individuals with poliomyelitis between 31-

50 years of age are affected by paralysis in one arm.  

In summary, it appears that the left upper limb of WP-45 was paralysed at some 

point leading to atrophy (and possible shortening) of the three long bones. BPP, CVA, 

and the neuromuscular diseases remain possibilities as the cause of this paralysis. 

While it is impossible to determine the exact cause of the upper limb paralysis of WP-

45, the functional implications can still be discussed. Due to the atrophy of the left 

upper limb long bones, it is clear that the left arm was weaker and therefore was not 

being used as often as normal. Although an atrophied and/or shortened upper limb 

may not have been visually obvious to the surrounding community, WP-45 would not 

have been able to use the left arm to its full extent, which probably restricted them in 

terms of social and economic activities.   
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10.2.5 Worthy Park 73 

 WP-73 was a middle adult male. There is an oval perforating lesion with 

rounded edges (7mm x 4mm) on the dorsal surface of the left MT5 (Figure 10.7). There 

is also an oval perforating lesion with rounded edges (8mm x 5mm) on the plantar 

surface of the same metatarsal which connects with the first lesion. There are two 

other small lesions with rounded edges which are too small to measure that connect 

with the two main lesions. There is deformation of the proximal joint surface of the 

same metatarsal. There is no PNB growth on either tibiae or fibulae and the four other 

left metatarsals appear normal.  

 
Figure 10.7- Oval lesion with rounded edges on the dorsal surface of the left MT5 of WP-73. 

Produced with kind permission of The Duckworth Laboratory. 
  

The presence of a cloaca indicates osteomyelitis of the left MT5 (Section 22.1). 

Osteomyelitis of the MT5 is frequently found as a result of contiguous infection which 

can spread from neuropathic and decubitus ulcers or from gangrene (Boffeli et al. 

2015). A combination of prominent bony structures and thin overlying tissue in this 

area of the foot means that cutaneous compromise is common (Boffeli et al. 2015). 
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Haematogenous osteomyelitis (from trauma or fracture) is less common in the MT5 

(Boffeli et al. 2015).  

Osteomyelitis of the foot is most commonly found in diabetic patients, and 

usually occurs at the proximal end of the first and fifth metatarsals, as these are the 

main weight bearing areas of the foot (Ashman et al. 2001). While it is certainly 

possible that WP-73 experienced diabetic neuropathy, particularly as the cloaca 

observed is in an area of the foot commonly affected by diabetes, it is impossible to 

say for certain what caused the infection of the left foot (Waldron 2009: 136). 

 Secondary symptoms commonly associated with osteomyelitis of the 

metatarsals include cutaneous ulcer or abscess, cellulitis, localised inflammation, and 

a discharging sinus or fistula (Ashman et al. 2001). While it is unknown whether WP-

45 had diabetes, an investigation into clinical research about the diabetic foot and 

associated impairment is appropriate, as the symptoms associated with diabetic 

neuropathy of the foot are likely to be similar to those of non-diabetic osteomyelitis of 

the foot. Price (2004) found that individuals who lived with an active diabetic ulceration 

reported poorer quality of life than patients who had had an amputation, with particular 

strain stemming from the lack of mobility. Further clinical research found that of 56 

individuals who were living with an active ulcer, 78.5% had problems with mobility, 

42.8% had problems with self-care, 60.7% were restricted from their usual activities, 

and 85.7% experienced pain or discomfort (Tennvall and Apelqvist 2000). Thus, even 

if WP-73 did not have diabetes, it is likely that he experienced similar symptoms, 

particularly as the condition in his foot was chronic (as demonstrated by the smoothly 

remodelled borders of the cloaca). While an ulcer of the foot would not be likely to 

distinguish WP-73 visually, the pain associated with the foot ulcer would have led to 

restricted or abnormal movement, which would have limited natural participation in 

social and economic activities. Additionally, if WP-73 did have diabetes, they likely 

experienced the common symptoms including fatigue, which may have restricted their 

daily activities (NHS 2019). 
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11  �%�H�Y�L�V�¶�V���*�U�D�Y�H 

11.1 Qualitative comparison of palaeopathological analysis 
There were several non-physically impairing alterations noted by the current 

author in the random sample of 30 individuals (e.g. PNB formation on a humeral 

fragment in BGR-22, possible spondylolysis in BGR-32, degenerative disc disease of 

the cervical spine in BGR-41, OA of the femoral heads in BGR-43, and OA of the 

lumbar spine in BGR-50). The PNB formation of the humeral fragment in BGR-22 and 

the OA of the femoral head and spine in BGR-43 and BGR-50 respectively were 

mentioned by Shennan (1978). Although not all pathological lesions observed by the 

current author were mentioned by Shennan (1978), those that were omitted were not 

physically impairing. In addition, two of the individuals included in the random sample 

of 30 were also identified as potentially physically impaired: BGR-2 with complete 

fusion of the right elbow, and BGR-80 with asymmetry of the upper limbs. Shennan 

(1978) mentions both of these pathological alterations in her report. Thus, the previous 

palaeopathological analysis was comprehensive and did not differ significantly from 

the current a�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V�� 

 

11.2 Detailed differential diagnoses 

11.2.1 B�H�Y�L�V�¶�V���*�U�D�Y�H��2 

 BGR-2 was a middle adult male. There is complete fusion of the right distal 

humerus with the proximal ulna and radius at around a 90° angle with no evidence of 

reactive new bone growth. The fusion of the humerus and ulna on the posterior surface 

is smooth (Figure 11.1), while the fusion on the anterior surface is slightly more 

irregular, but still well-integrated into the original cortex (Figure 11.2). 

 When the radius, which was broken away from the elbow unit post-mortem, is 

properly matched up with the distal humerus, it is not in anatomical position but is 

rotated slightly medially in partial pronation (Figure 11.2 and Figure 11.3). This means 

that BGR-���¶�V���U�L�J�K�W���K�D�Q�G���Z�R�X�O�G���K�D�Y�H���E�H�H�Q���I�L�[�H�G���Z�L�W�K���W�K�H���S�D�O�P�D�U���V�X�U�I�D�F�H���I�D�F�L�Q�J���P�H�G�L�D�O�O�\�� 

 The right glenoid cavity has some osteophytic lipping but otherwise looks 

normal, suggesting that the right arm was still in use even if the elbow joint could not 

be extended or flexed. 
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Figure 11.1- Complete fusion of the right elbow joint of BGR-2 (posterior view). Produced with kind 

permission of the Portsmouth Museum. 

 
Figure 11.2- Complete fusion of the right elbow joint of BGR-2 (anterior view). Produced with kind 

permission of the Portsmouth Museum. 
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Figure 11.3- Partial pronation of the right forearm of BGR-2 (medial view). Produced with kind 

permission of the Portsmouth Museum. 

 

 Differential diagnoses for the pathological alterations observed in the right 

elbow of BGR-2 include RA (Section 22.5.1), septic arthritis (Section 22.5.7), 

tuberculous arthritis (Section 22.4.3), and trauma. Although RA can involve the 

ankylosis of the elbow joint (between 20-65% of cases) (Studer and Athwal 2011), no 

symmetrical erosive lesions on the small joints of the hands or feet (which are largely 

present) were observed, making this condition a less likely diagnosis for BGR-2 

(Rogers and Waldron 1995: 58-9).  

Septic arthritis is relatively common in the elbow joint, but usually results in 

considerable erosion of the entire articular surface (Rogers and Waldron 1995: 89), 

which did not occur in BGR-2. Similarly, although tuberculous arthritis is relatively 

common in the elbow joint, marginal erosions are characteristic of this disease, while 
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bony ankylosis is less frequent, making this condition a less likely diagnosis for BGR-

2.  

 As there is no obvious sign of infection, it is likely that direct trauma to the elbow 

joint caused the ankylosis observed (Waldron 2009: 146). There is no indication of 

which aspects of the elbow joint were injured or fractured, but the functional 

implications of a fused elbow joint can be explored. There is no agreement between 

clinical studies on the ideal angle of fusion for an elbow or on the average range of 

motion of the elbow joint (Nagy et al. 1999; Tang et al. 2001)���� �2�¶�1�H�L�O�O�� �H�W�� �D�O����(1992) 

found that no matter what the angle of elbow fusion, the shoulder and wrist joints 

cannot compensate for the lack of movement in the elbow joint, and that there is no 

ideal angle of fixation due to the range of activities for which the upper limb is required. 

For example, activities such as feeding oneself require increased flexion of the elbow, 

while activities involving personal hygiene require more extension (Tang et al. 2001). 

Thus, while BGR-2 may have been able to carry out some tasks without much 

impairment, there will have been other tasks that he was not able to perform with 

normal efficiency. It is also likely that the fixation of BGR-���¶�V���H�O�E�R�Z���Z�R�X�O�G���K�D�Y�H���E�H�H�Q��

visibly noticeable as his right arm could not be fully extended or fully flexed. Along with 

visual distinctiveness, it is probable that the inability to fully extend, flex, pronate, or 

supinate the right upper limb would have restricted BGR-2 in terms of social and 

economic participation.   

 

11.2.2 �%�H�Y�L�V�¶�V���*�U�D�Y�H��61 

There was much confusion regarding BGR-61 and BGR-66. In Shennan (1978: 

21), BGR-61 was described as associated with Grave 43, male, c.40-50 years of age, 

�Z�L�W�K�� �D�� �V�W�D�W�X�U�H�� �R�I�� ���¶���´, and with metopism of the skull. BGR-66 was described as 

�D�V�V�R�F�L�D�W�H�G���Z�L�W�K���*�U�D�Y�H�����������P�D�O�H�������������\�H�D�U�V���R�I���D�J�H�����Z�L�W�K���D���V�W�D�W�X�U�H���R�I�����¶�����´�����D�Q�G���³�K�D�G��

severe osteo�D�U�W�K�U�L�W�L�V�� �R�I�� �W�K�H�� �V�S�L�Q�H�«�D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K the slight deformity to the distal 

�H�Q�G�� �R�I�� �W�K�H�� �I�H�P�X�U�´��(Shennan 1978: 22-23). In Rudkin (2013: 31), BGR-61 was 

described as associated with Grave 43, male, c.45 years of age, with a stature of 1.7m, 

and had evidence of metopism. BGR-66 was described as associated with Grave 42, 

male, c.���������\�H�D�U�V���R�I���D�J�H�����D�Q�G���K�D�G���³�V�H�Y�H�U�H��osteoarthritis of the spine possibly related 

�W�R���D���V�O�L�J�K�W���G�H�I�R�U�P�L�W�\���R�I���W�K�H���G�L�V�W�D�O���H�Q�G���R�I���W�K�H���I�H�P�X�U�´�� 
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Upon examination of the skeleton labelled BGR-66, there was no deformation 

of the femur, but the skeleton labelled BGR-61 matched this description. In addition, 

the skeleton marked BGR-61 did not have a skull present, so how metopism was 

recorded is unclear. It is unclear whether BGR-66 as recorded in the original report 

was accidently labelled BGR-61 on the actual skeleton, or if mistakes were made in 

the report. In the appendices of Rudkin (2013), grave drawings were provided for both 

skeletons (Figure 11.4 and Figure 11.5). The right femur of the skeleton in Grave 43 

appears to be shorter than the left, suggesting that the skeleton in Grave 43 was the 

individual with the deformity to the distal end of the femur.  

 
Figure 11.4- Drawing of Grave 42. Source: Rudkin (2013: appendices). © Portsmouth Museum. 

 
Figure 11.5- Drawing of Grave 43. Source: Rudkin (2013: appendices). © Portsmouth Museum. 

 

Because the grave drawing of Grave 43 matches the pathology observed in the 

skeleton labelled BGR-61, the funerary data from Grave 43 will be associated with 

BGR-61 and the funerary data from Grave 42 will be associated with BGR-66. 

Following the labelled skeletal remains, the individual with the deformity of the distal 

femur will be considered BGR-61.  
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BGR-61 was a middle adult male (although the current author recorded BGR-

61 as an older adult male). There is a deformation in shape of the distal end of the 

right femur, which has been displaced superiorly and laterally resulting in an abnormal 

angle of articulation with the right tibia (Figure 11.6). There is contour change, new 

bone formation, and porosity of both femoral condyles, but no evidence of eburnation. 

There is a loss of convexity in the articular surface of the lateral condyle (Figure 11.7). 

A comparison of the lengths of the right and left femora was impossible as most of the 

left femur was missing. The shape of the right patella is normal but there is diffuse 

compact new bone growth and porosity on the articular surfaces, and osteophytic 

lipping of the lateral edge. 

 There is deformation in the shape of the condyles of the right tibia. Both 

condyles exhibit contour change, new bone growth, porosity, and osteophytic lipping, 

although there is no evidence of eburnation (Figure 11.8). The medial condyle is more 

obviously affected with an articular surface that is much more concave than usual 

(Figure 11.9). The right tibia is 5mm shorter than the left. 

 
Figure 11.6- Superior and lateral displacement of the distal end of the right femur of BGR-61. 

Produced with kind permission of the Portsmouth Museum. 
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Figure 11.7- Loss of convexity of the lateral right femoral condyle of BGR-61. Produced with kind 

permission of the Portsmouth Museum. 

 
Figure 11.8- Contour change, new bone growth, and porosity of the condyles of the right tibia of BGR-

61. Produced with kind permission of the Portsmouth Museum. 
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Figure 11.9- Increased concavity of the medial condyle of the right tibia of BGR-61. Produced with 

kind permission of the Portsmouth Museum.  

 

BGR-61 represents a case of a malaligned fracture of the distal femoral shaft 

and subsequent secondary OA. Specifically, this fracture can be classified as a 

supracondylar fracture of the femur. Supracondylar fractures of the femur are usually 

transverse or oblique, as observed in BGR-61, and result in varying degrees of 

displacement (Resnick 2002n). Supracondylar fractures of the femur usually result in 

varus deformity (medial displacement of the femoral condyles) (Neer et al. 1967; 

Figgie et al. 1990), although lateral displacement was observed in BGR-61. 

 Due to the rotation of the condyles, it is likely there was a length discrepancy 

between the right and left femora, and the articulation with the right proximal tibia 

would have been at an abnormal angle. As the medial femoral condyle was 

considerably more inferior than the lateral, more weight was probably placed on the 

medial side of the knee joint, causing the increased concavity and secondary OA of 

the corresponding medial tibial condyle. Due to the considerable valgus angulation of 

the femoral condyles, it is likely that BGR-61 was visually distinctive with a right lower 
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leg that angled laterally away from the midline of the body. In addition, the probable 

limb length discrepancy, along with the abnormally angled articulation of the right 

knee, probably resulted in a noticeable abnormality in the locomotion of BGR-61, and 

this may have restricted normal participation in economic and social activities.  

 

11.2.3 �%�H�Y�L�V�¶�V���*�U�D�Y�H��69 

 BGR-69 was a middle adult individual who was possibly male (although the 

current author recorded BGR-69 as a young to middle adult female). There is fusion 

and kyphosis of T12-L3 at an angle of c.90º (Figure 11.10). Due to the positioning of 

the vertebrae when fused, there is also a slight right tilting of the entire kyphotic unit 

(Figure 11.11). More detailed descriptions of the pathological alterations observed in 

the spine of BGR-69 are provided in Table 11.1. 

 

Table 11.1- Descriptions of the pathological alterations observed in BGR-69. 

Bone Description 
C spine 
+ T1-T4 - Not affected 

T5-T9 - Some osteophytic lipping 

T10 - Slight wedging of body 
- Contour change, new bone growth, and eburnation of IZJs 

T12 

- Extreme wedging and lytic destruction of the superior and inferior aspects of 
vertebral body 

- Superior aspect of the body appears to be more than 90º from its natural 
position (Figure 11.12, A).  

- IZJs fused with SZJs of L1 
- OA of SZJs 

L1 

- Extreme lytic destruction of the superior and inferior aspects of vertebral body 
- It appears as if the body is angled very inferiorly from its natural position�Æ 

difficult to determine due to the state of fusion and the effects of taphonomic 
damage 

- The anterior aspect of body appears to have fused with the superior aspect of 
the body of L2 (Figure 11.12, B).  

- Fusion of IZJs and SZJs with adjacent vertebrae 

L2 

- Still some semblance of a body on the L side of the vertebrae, but the R and 
anterior aspects of the body have thinned to a blade-like shape (possible that 
some damage was taphonomic) (Figure 11.12, C) 

- Fusion of IZJs and SZJs with adjacent vertebrae 

L3 
- Body mostly intact with slight wedging 
- SZJ fused to IZJs of L2 
- IZJs normal 
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Figure 11.10- Fusion and kyphosis of T12-L3 of BGR-69. Produced with kind permission of the 

Portsmouth Museum. 

 
Figure 11.11- Right angling of the kyphotic unit of BGR-69. Produced with kind permission of the 

Portsmouth Museum. 
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Figure 11.12- T12-L3 of BGR-69. A: Superior aspect of vertebral body of T12 at more than a 90º 

angle from the natural position; B: Possible fusion of the anterior aspect of L1 with the superior aspect 
of L2; C: Blade-like shape of the vertebral body of L2. Produced with kind permission of the 

Portsmouth Museum. 

 

Differential diagnoses for the spinal changes in BGR-69 include osteomyelitis, 

brucellosis, and TB, the latter of which is the most likely diagnosis (Section 22.4.1). 

TB of the spine results in the destruction and collapse of vertebral bodies, and 

ankylosis and kyphosis of adjacent vertebrae in order to stabilise the compromised 

spine (Resnick 2002l; Holloway et al. 2011), all of which are demonstrated in BGR-69. 

The kyphosis of the thoracic spine would have resulted in a noticeable gibbus 

deformity of the lower back. BGR-69 also probably experienced the impairments 

caused by severe alterations to the spinal column including paraparesis or paraplegia 
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of the lower limbs, loss of urinary/faecal control, pain, sensory impairment, and an 

abnormal gait (Section 22.4.1) (Turgut 2001; Resnick 2002l; Roberts and Buikstra 

2003: 95). The gibbus deformity and the possibility of an abnormal gait would have 

made BGR-69 visually distinctive in life. Partial or full paralysis of the lower limbs, pain, 

sensory impairment, and loss of urinary/faecal control, along with general clinical 

symptoms of TB (fever, malaise, weight loss) (Hopewell 1994), would certainly have 

negatively impacted and limited BGR-69�¶�V���D�E�L�O�L�W�\���W�R���S�D�U�W�L�F�L�S�D�W�H���Q�R�U�P�D�O�O�\���L�Q���H�F�R�Q�R�P�L�F��

and social interactions. 
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12  Bishopsmill School 

12.1 Qualitative comparison of palaeopathological analysis 
There were several non-physically impairing alterations noted by the current 

author in the random sample of 30 individuals (e.g. �6�F�K�P�R�U�O�¶�V�� �Q�R�G�H�V�� �R�U��

�6�F�K�H�X�H�U�P�D�Q�Q�¶�V�� �G�L�V�H�D�V�H�� �L�Q��BMS-237, irregular new bone growth around the 

superolateral aspect of the right acetabulum in BMS-330, deformation of the distal left 

ulna in BMS-422, and PNB growth on the distal left tibia and osteophytosis of the 

lumbar vertebrae in BMS-429), all of which were noted by Johnson (2005), except for 

the deformation of the distal left ulna in BMS-422. Thus, the previous 

palaeopathological analysis was comprehensive and did not differ significantly from 

�W�K�H���F�X�U�U�H�Q�W���D�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V�� 

 

12.2 Detailed differential diagnoses 

12.2.1 Bishopsmill School 418 

 BMS-418 was an older adult male. There is severe deformation of the left 

femoral head which has been displaced inferiorly down the shaft, making the left femur 

14mm shorter than the right. The overall shape of the femoral head has lost the usual 

convexity and instead it is conical with concentric lines of eburnation clearly visible 

(Figure 12.1-Figure 12.3). The remainder of the left femur is unaffected and the linea 

aspera, although slightly smaller than the right, is still prominent. Table 12.1 provides 

measurements for the right and left lower limb long bones for comparison. 
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Table 12.1- Measurements for the lower limb long bones of BMS-418. 

Bone Measurement R (mm) L (mm) 

Femur 

Maximum length 484 470 
Bicondylar length 482 461 
Maximum head diameter 50 - 
Subtrochanteric anterior-posterior diameter 31 32 
Subtrochanteric medial-lateral diameter 38 39 
Midshaft anterior-posterior diameter 32 31 
Midshaft medial-lateral diameter 29 28 

Tibia 

Maximum length 390 397 
Maximum proximal epiphyseal breadth 77 - 
Anterior-posterior diameter at nutrient foramen 38 35 
Medial-lateral diameter at nutrient foramen 30 30 

  

There is severe deformation of the left acetabulum which has been 

considerably enlarged (Figure 12.4). The distance from the most superior to the most 

inferior points of the acetabulum measures 64mm on the left, and 59mm on the right. 

Concentric lines of eburnation are clearly visible on the lunate surface. Rather than 

the usual uniform concavity, the contour of the left acetabulum has changed, with a 

corresponding increase in concavity to accommodate the conical femoral head. There 

is a post-mortem break in the acetabulum which reveals the conical nature of the hip 

joint (Figure 12.5). In general, the angle of the left acetabulum is the same as that of 

the right. Anterior and posterior rotation of the femur is possible when the femur is 

articulated with the acetabulum.  

 The left tibia is normal in shape but slightly longer than the right, perhaps to 

compensate for the loss of length in the left femur. There were no differences in the 

shape or size of comparable feet bones.  
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Figure 12.1- Conical left femoral head of BMS-418 (anteromedial view). Produced with kind 

permission of Tees Archaeology. 

 
Figure 12.2- Conical left femoral head of BMS-418 (posterior view). Produced with kind permission of 

Tees Archaeology. 
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Figure 12.3- Concentric lines of eburnation on the left femoral head of BMS-418. Produced with kind 

permission of Tees Archaeology. 

 
Figure 12.4- Enlarged and deformed left acetabulum of BMS-418. Note the concentric lines of 

eburnation. Produced with kind permission of Tees Archaeology. 
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Figure 12.5- Articulation between the left femoral head and acetabulum showing the conical 

deformation of the femoral head and corresponding deformation/adaptation of the left acetabulum. 
Produced with kind permission of Tees Archaeology. 

  

Differential diagnoses for the pathological alterations observed in the left hip of 

BMS-418 include Legg-Calvé-Perthes disease (LCP) (Section 22.6.1), congenital hip 

dysplasia (Section 22.6.3), and slipped capital femoral epiphysis (SCFE) (Section 

22.6.2). LCP can be excluded as the femoral head of BMS-418 is very conical, rather 

than mushroom shaped, and there is no flattening of the acetabulum (Ortner 2003: 

346). Developmental hip dysplasia can be excluded, as the shape of the femoral head 

(conical rather than small/flat) and acetabulum (deep rather than shallow) are not 

consistent with this condition (Mitchell and Redfern 2008).  

 SCFE is the most likely diagnosis for BMS-418 due to the obvious inferior 

displacement of the femoral head with respect to the femoral neck (Ortner 2003: 347). 

Unilateral left side SCFE is more common in boys, while bilateral involvement is more 



 

150 
 

common in girls (Resnick and Goergen 2002). As BMS-418 was male, unilateral 

involvement of the left hip matches well with modern clinical data. 

 The functional impacts of a SCFE are discussed more in Section 22.6.2. The 

severe inferior displacement of the femoral head observed in BMS-418 would have 

created an abnormal angle of articulation with the acetabulum, which probably caused 

an abnormality of gait (as observed in clinical research), particularly as there was a 

14mm discrepancy between the lengths of the right and left femora. It is also likely that 

the deformation of both the femoral head and acetabulum, both of which had 

considerable eburnation and concentric ridging, would have caused pain in the left hip. 

Due to the shortening of the left leg, the abnormal articulation of the left hip, and the 

abnormal gait, BMS-418 would probably have been visually distinctive. In addition, 

BMS-�������¶�V�� �D�E�Q�R�U�P�D�O�� �J�Dit and hip pain probably restricted him in terms of normal 

participation in social and economic activities.  
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13  Burwell 

13.1 Detailed differential diagnoses 

13.1.1 Burwell 85 

 BW-85 was an older adult female. Although the proximal end of the right radius 

is missing, it is clear that it is considerably shorter than the left radius. Measuring from 

the tip of the styloid process to the most proximal aspect of the radial tuberosity (both 

of which are present on the right and left radii), the right radius is 25mm shorter than 

the left. The medial border of the right radial tuberosity is more lipped than on the left, 

and there is some slight lipping of the anterior aspect of the distal end. Unfortunately, 

the left ulna was not present, so a comparison between the right and left ulnae was 

impossible. Although there is the possibility that the two radii actually belonged to 

different individuals, it is also possible that the right forearm was shorter than the left. 

Only the shafts of the right and left humeri are present so a comparison of size is not 

informative.  

If it is assumed that the radii belonged to same individual, it can be concluded 

that the condition which caused this shortening occurred in childhood, before 

development had ceased. Differential diagnoses for atrophy of the upper limb include 

various conditions (Section 22.7.2). MMA is more common among males and Asian 

populations and therefore is an unlikely diagnosis for BW-85. Acute brachial neuritis 

(Parsonage-Turner syndrome) and CVA tend to occur in adults who have already fully 

developed, and therefore could not result in the shortening of the radius observed in 

BW-85. CP is a possible diagnosis, but although monoplegia usually involves the 

upper limb (Jan 2006), it is a rare form of the disease (Minear 1956; Shevell et al. 

2003), and therefore is a less likely diagnosis for BW-85. 

Usually trauma to the shoulder or spinal cord affects localised and isolated 

muscles and cannot account for full limb atrophy (Lieverse et al. 2008). However, 

because it is only possible to confirm that the radius was affected in BW-85, direct 

trauma to the nerves remains a possible differential diagnosis. Because the right 

humeral head and scapula were both absent, skeletal alterations consistent with BPP 

could not be investigated and therefore it must remain a possible diagnosis. 

Weinstein et al. (1952) found that of 428 patients with poliomyelitis, paralysis of 

one arm occurred in 18.1% of the entire sample population and was most common in 
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children between the ages of 6-15 years (27.3%) (Weinstein et al. 1952). Thus, it is 

possible that poliomyelitis caused the paralysis of the left upper limb when BW-85 was 

still developing, which led to impeded growth and limb shortening.   

As a majority of the right humerus and the entire right ulna are missing, it is 

difficult to analyse the impairment of the right upper limb in BW-85. Direct nerve 

trauma, BPP, and neuromuscular disorders remain possible diagnoses, although none 

of these conditions can be confirmed with any certainty due to the lack of bony 

evidence. If just the right radius is considered, it appears as if the forearm of BW-85 

was paralysed at some point during childhood, leading to atrophy and bone 

shortening. Atrophy of the forearm may not have been visually distinctive or 

considerably impairing (Gourie-Devi and Nalini 2003; Nalini et al. 2014). However, 

some individuals in clinical studies with long term muscle wasting and weakness in the 

forearm were forced to use the other upper limb to make up for the affected �O�L�P�E�¶�V��

decreased efficiency (Nalini et al. 2014).  

If the right humerus was also affected by paralysis during development, which 

would have resulted in bony atrophy and shortening, it is more likely that BW-85 would 

have experienced a physical impairment. However, with just the atrophy of the forearm 

confirmed, it is only reasonable to determine that BW-85 was possibly physically 

impaired. It is possible that the left upper limb was favoured to accommodate for the 

functional restrictions of the atrophied right arm, which may have restricted BW-85 in 

terms of normal participation in some social and economic activities.   

  

13.1.2 Burwell 107 

 BW-107 was a middle adult male. There is a well-healed fracture of the distal 

end of the left tibia which has been displaced posteriorly (Figure 13.1 and Figure 13.2). 

There is a corresponding well-healed fracture of the distal end of the left fibula which 

has also been displaced posteriorly. There is evidence of some striated PNB formation 

on the shaft of the left fibula giving the bone a slightly lumpy appearance (Figure 13.3). 

There is no evidence of PNB formation on the left tibia.  

 Both the left tibia and femur are noticeably more slender than their right 

counterparts (Figure 13.4). Although a metrical comparison of the right and left femora 

was impossible due to damage, it is clear that the right femur is shorter than the left. 
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The measurements that could be taken comparing the sizes of the tibiae and femora 

are provided in Table 13.1. The linea aspera of the left femur is not as prominent as 

on the right, but is still relatively pronounced. There does not appear to be any 

asymmetry between the right and left pelves. None of the feet bones were present for 

analysis.  

 

Table 13.1- Measurements for the lower limb long bones of BW-107. 

Bone Measurement R (mm) L (mm) 

Femur 

Maximum head diameter 45 44 
Subtrochanteric anterior-posterior diameter 26 22 
Subtrochanteric medial-lateral diameter  33 27 
Midshaft anterior-posterior diameter 27 23 
Midshaft medial-lateral diameter 24 21 

Tibia 
Anterior-posterior diameter at nutrient foramen 32 22 
Medial-lateral diameter at nutrient foramen  20 17 

 

 
Figure 13.1- Fracture of the distal end of the left tibia of BW-107 with posterior displacement. 

Produced with kind permission of The Duckworth Laboratory. 

 
Figure 13.2- Posterior displacement of the distal end of the left tibia of BW-107. Produced with kind 

permission of The Duckworth Laboratory. 
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Figure 13.3- Striated PNB growth on the left fibula of BW-107. Produced with kind permission of The 

Duckworth Laboratory. 

 
Figure 13.4- Size discrepancy between the right and left femora of BW-107. Produced with kind 

permission of The Duckworth Laboratory. 

 

The gracility and shortening of the left femur and tibia suggest that there was 

atrophy of the left lower limb, probably due to paralysis. As there was considerable 

shortening of both the femur and tibia, paralysis must have occurred during childhood 

before the growth of these bones was complete. Paralysis of the lower limbs can be 

caused by a variety of conditions which are discussed in more detail in Section 22.7.1, 

and differentiating between these conditions from only skeletal remains is extremely 

challenging. DMD can be excluded as BW-107 died over the age of 20 years, showed 

no signs of upper limb atrophy, and had only unilateral paralysis of the lower limbs. 

CP can also probably be excluded because monoplegia, which usually involves the 

upper rather than lower limb (Jan 2006), is a rare form of the disease (Minear 1956; 

Shevell et al. 2003), and would not have caused such significant lower limb length 

discrepancy (Riad et al. 2010). 

Among individuals with poliomyelitis between the ages of 0-5 years, one leg is 

effected in 54.3% of cases, while among individuals with poliomyelitis between the 

ages of 6-15 years, one leg is effected in 16.9% of cases (Weinstein et al. 1952), a 

distribution pattern which matches well with BW-107. Spinal scoliosis is the most 

common skeletal alteration associated with poliomyelitis (Colonna and Saal 1941), but 
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the presence of scoliosis in BW-107 could not be investigated as only one lumbar 

vertebra was present. 

Unfortunately, no right or left foot bones were available for analysis. Foot 

deformities are commonly associated with poliomyelitis (Resnick 2002h), and although 

it is not possible to confirm without the left talus, it is possible that BW-107 did have a 

foot deformity. It is likely that the shortened left lower limb (and possible foot deformity) 

created an abnormal gait, putting BW-107 at a higher risk for personal injury (i.e., 

increased likelihood of tripping or falling), such as the trauma observed in the left tibia 

and fibula. Along with an abnormal gait, which would have made BW-107 visually 

distinctive, it is also likely that the altered function of the left leg restricted BW-107 in 

terms of normal social and economic participation.   

 

13.1.3 Burwell 111 

 BW-111 was a middle adult male. Descriptions of the pathological alterations 

observed in BW-111 are provided in Table 13.2. 

 

Table 13.2- Descriptions of the pathological alterations observed in BW-111. 

Bone Description 

Maxillae 

- Slight crescentic resorption of the alveolar bone of all the maxillary 
incisors (Figure 13.5) 

- Resorption of the anterior nasal spine 
- Porosity of inferior surface of hard palate with a perforation (c.2mm or 

less in diameter) surrounded by woven bone on the posterior R side 
(Figure 13.6) 

- Porosity and woven new bone deposition on superior surface of hard 
palate 

R tibia 

- Different types of PNB growth�Æ distal half most severely affected 
- Lateral aspect�Æ striated bone at the proximal end which changes to 

compact but lumpy bone on the distal end (Figure 13.7) 
- Medial aspect�Æ diffuse, mild striated PNB 

L tibia 
- Entire medial aspect diffusely covered in mild striated PNB. 
- Distal half of lateral aspect�Æ more severe striated PNB growth with 

some lumpy plaques consisting of smooth bone 

Fibulae 
- Diffuse PNB formation throughout un-sided fibular shaft with areas of 

smooth, lumpy, and striated new bone formation (Figure 13.8) 
R/L hands + 

feet - Not present 
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Figure 13.5- Crescentic maxillary alveolar resorption of BW-111. Produced with kind permission of 

The Duckworth Laboratory. 

 
Figure 13.6- Porosity of the hard palate of BW-111. Note the perforation surrounded by woven bone 

on the posterior right aspect. Produced with kind permission of The Duckworth Laboratory. 
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Figure 13.7- Plaques of lumpy PNB formation on the right tibia of BW-111. Produced with kind 

permission of The Duckworth Laboratory. 

 
Figure 13.8- Striated PNB formation on an un-sided fibular fragment of BW-111. Produced with kind 

permission of The Duckworth Laboratory. 

 

The pathological alterations observed in the cranium are consistent with 

rhinomaxillary syndrome which is pathognomonic of leprosy or facies leprosa 

(Andersen and Manchester 1992) (Section 22.2.1). Clinical symptoms of 

rhinomaxillary syndrome include a clogged nasal airway, excess production of nasal 

discharge, and saddle-nose deformity (Andersen and Manchester 1992; Anon 2009).  

Differential diagnoses for the PNB on the tibiae and fibulae are various and are 

discussed in more detail in Section 22.8. There are no cloacae, gummatous lesions, 

PNB on the metacarpals, scapulae, or claviculae, and no obvious evidence of trauma, 

which can exclude osteomyelitis, treponemal disease, HOA, and trauma respectively. 

Bilateral tibial and fibular PNB formation is very common in archaeological cases of 

leprosy (Møller-Christensen 1961; Lewis et al. 1995), and therefore adds to the 

diagnosis suggested by the craniofacial region. The presence of periostitis on the 

tibiae and fibulae indicates that there was disruption of sensation or anaesthesia in the 

lower limbs, probably leading to an ulcer on the plantar surfaces of the feet and 

subsequent infection (Resnick 2002l; Roberts and Manchester 2010: 197). Pain and 

swelling in both legs (Resnick 2002l) may have resulted in restricted use of the lower 

limbs and an abnormal, slow gait. Unfortunately, no hand or foot bones were available 



 

158 
 

for analysis, so it was not possible to confirm if there were any deformities of the hands 

or feet that are commonly observed in archaeological cases of leprosy (Ortner 2003: 

264). However, because of the bilateral PNB in the tibiae and fibulae, it is likely that 

there was also an infection in the feet, which may have caused deformation of the foot 

bones and further alteration to BW-�������¶�V��gait. 

In summary, BW-111 would have been visually distinctive in life (fluids exiting 

the nose and mouth area, facial deformation, possible abnormal gait, etc.), and his 

community would certainly have been aware of his disease. While these alterations 

would have been visually distinctive, they also may have caused physical impairments, 

particularly chronic inflammation of the lower legs which was probably painful (Resnick 

2002l) and may have altered normal locomotion. All of these bony changes, along with 

the symptoms which cannot be confirmed palaeopathologically (Section 22.2) (pain, 

nerve abscesses, skin lesions, hair loss, etc.), probably had a negative impact on the 

daily life of BW-111, as his ability to participate normally in social and economic 

activities would have been restricted.  
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14  Staunch Meadow 

14.1 Qualitative comparison of palaeopathological analysis 
Pathological but non-physically impairing lesions observed by the current 

author in the random sample of 30 individuals were mentioned specifically by 

Anderson (1990) (e.g. fused thoracic vertebrae and PNB growth on the tibiae in SM-

1917, fracture of the left radius in SM-4009, trauma to the left femur in SM-4038, and 

trauma to the skull in SM-4055). Anderson (1990) also mentioned the atrophy of the 

left lower limb in SM-1882 which was considered a probable physical impairment by 

the current author. A few small alterations (e.g. deformation of the distal left ulna in 

SM-3072, deformation of the right femoral head in SM-4038) were not specifically 

mentioned by Anderson (1990), but were not considered evidence of possible 

impairment. Thus, the previous palaeopathological analysis was comprehensive and 

�G�L�G���Q�R�W���G�L�I�I�H�U���V�L�J�Q�L�I�L�F�D�Q�W�O�\���I�U�R�P���W�K�H���F�X�U�U�H�Q�W���D�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V�� 

 

14.2 Detailed differential diagnoses 

14.2.1 Staunch Meadow 1882 

 SM-1882 was an older adult female (although the current author recorded SM-

1882 as a middle adult male). There is atrophy of the right femur. Although the shaft 

is average in terms of medial-lateral width, it is considerably thinned and flattened 

antero-posteriorly (Table 14.1, Figure 14.1). The right and left femoral heads are 

similar in size. Although there is some rugosity around the gluteal tuberosity, the linea 

aspera of the right femur is almost completely absent (Figure 14.2). There is also 

atrophy of the right tibia with thinning of the shaft antero-posteriorly and medio-laterally 

(Table 14.1, Figure 14.3). There is eburnation on one of the proximal condyles of the 

tibia (unable to determine if lateral or medial). Although there is nothing to measure, 

the left fibula is noticeably more slender than the right, but the difference in size is not 

as obvious as in the tibiae.  
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Table 14.1- Measurements for the lower limb long bones of SM-1882. 

Bone Measurement R (mm) L (mm) 

Femur 

Subtrochanteric anterior-posterior diameter 21 24 
Subtrochanteric medial-lateral diameter 34 38 
Midshaft anterior-posterior diameter 18 28 
Midshaft medial-lateral diameter 30 29 

Tibia 
Anterior-posterior diameter at nutrient foramen 21 32 
Medial-lateral diameter at nutrient foramen 20 23 

 

 
Figure 14.1- Atrophy of the left femur of SM-1882 with antero-posterior thinning of the shaft. Produced 

with kind permission of the Suffolk County Council. 

 
Figure 14.2- Very poorly defined linea aspera of the left femur of SM-1882. Produced with kind 

permission of Suffolk County Council. 

 
Figure 14.3- Antero-posterior thinning of the left tibial shaft of SM-1882. Produced with kind 

permission of Suffolk County Council. 

 

The gracility and shortening of the left femur and tibia suggest that there was 

atrophy of the left lower limb, probably due to paralysis. As it was impossible to 

compare the lengths of the right and left femora and tibiae, it is difficult to say whether 

there was also shortening of the right femur and tibia. However, because the right tibia 
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is considerably thinner than the left, it seems likely that this asymmetry occurred in 

childhood (before growth and development of the bones were complete), in which case 

it is also likely that there was shortening of the left tibia and femur.  

Paralysis of the lower limbs can be caused by a variety of conditions which are 

discussed in more detail in Section 22.7.1, and differentiating between these 

conditions using skeletal remains is extremely challenging. DMD causes progressive 

bilateral muscle dysfunction of the limbs (Biggar 2006) and thus can be excluded as a 

diagnosis for SM-1882. CP can also probably be excluded because monoplegia, which 

usually involves the upper rather than lower limb (Jan 2006), is a rare form of the 

disease (Minear 1956; Shevell et al. 2003), and would not have caused such 

significant lower limb length discrepancy (Riad et al. 2010). 

Of children between the ages of 0-5 years with poliomyelitis, one leg is affected 

in 54.3% of cases, and of children between the ages of 6-15 years with poliomyelitis, 

one leg is affected in 16.9% of cases (Weinstein et al. 1952). The considerable atrophy 

and probable shortening observed in SM-1882 indicate that paralysis occurred in 

childhood, and therefore the distribution pattern recorded by Weinstein et al. (1952) 

matches well with SM-1882. Spinal scoliosis is the most common skeletal alteration 

associated with poliomyelitis (Colonna and Saal 1941). Five cervical, nine thoracic 

(three neural arches, six bodies), and four lumbar vertebrae (two neural arches, two 

bodies) were present in SM-1882. No obvious signs of scoliosis were observed, 

however the fragmented nature of the spine made palaeopathological analysis difficult. 

The proximal end of the right femur was absent, so an analysis of its FNA was 

not possible. The right foot bones that were present (MT1, calcaneus, talus, and 

cuboid) showed no signs of deformation. Although additional skeletal indicators of 

poliomyelitis are either absent or not possible to examine, as paralysis of one leg is a 

common form of poliomyelitis in children, this disease remains a likely diagnosis for 

SM-1882.  

Although a full investigation of functional impairment was not possible due to 

the taphonomic damage in the lower limb bones, it is clear that there was atrophy of 

the right leg, and probably shortening as well. This limb length discrepancy probably 

created an abnormal gait which would have made SM-1882 visually distinctive. In 

addition, it is also likely that the altered function of right left leg restricted SM-1882 in 

terms of normal social and economic participation. 
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14.2.2 Staunch Meadow 3095 

14.2.2.1 Skull 

 SM-3095 was an older adult female. Table 14.3 provides the measurements 

that could be taken of the mandible to demonstrate the high level of asymmetry 

observed in this individual. 

 

Table 14.2- Descriptions of the pathological alterations observed in the skull of SM-3095. 

Bone Description 

Mandible 

- Complete deformation in the shape of the R half of the mandible 
-  Entire R body is shortened antero-posteriorly 
- When both gonial angles placed on a flat surface�Æ entire R mandibular 

body, and part of the medial aspect of the left mandibular body are 
displaced superiorly (Figure 14.4) 

- The probable second R mandibular molar is severely angled medially 
(Figure 14.5) 

- Mandibular body beneath probable R second molar tooth is decreased in 
superior-inferior height which gives the right gonial angle an abnormal, 
pointy shape (Figure 14.6) 

- Severe deformation in the shape of the right mandibular condyle�Æ 
flattened and the surface is slightly concave with evidence of 
macroporosity and compact new bone growth on the articular surface 
(Figure 14.7) 

R temporal 

- Fragment present�Æ mandibular fossa completely deformed�Æ the surface 
is no longer concave but is flattened with irregular, lumpy new bone 
growth and macroporosity (Figure 14.8 and Figure 14.9) 

- Anterior aspect of mandibular fossa shows evidence of lytic activity 
leaving the entire surface very irregular in shape 

Occipital 

- Two fragments containing the occipital condyles present 
- Appears as if the R condyle is larger than the L and slightly different in 

shape although the corresponding facets of the atlas do not appear to be 
asymmetrical (Figure 14.10) 

 

 

 

 

 

Table 14.3- Mandibular measurements for SM-3095.  

Measurement R (mm) L (mm) 
Height of mandibular body 24 26 
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Breadth of mandibular body 9 9 
Maximum ramus height 47 62 
Mandibular length 68 85 
Mandibular angle 130* 134 
Anterior most point of chin to the 
posterior most point of condyle 83 111 

NB: *= to tip of condyle 

 

 
Figure 14.4- Superior displacement of the right mandibular body and the medial aspect of the left 

mandibular body of SM-3095 when gonial angles placed on a flat surface (anterior view). Produced 
with kind permission of Suffolk County Council. 
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Figure 14.5- Medial angling of the right probable second mandibular molar of SM-3095. Produced 

with kind permission of Suffolk County Council. 

 
Figure 14.6- Decrease in the height of the right mandibular body of SM-3095 inferior to the probable 

right second mandibular molar. Produced with kind permission of Suffolk County Council. 
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Figure 14.7- Deformation and concavity of the right mandibular condyle with evidence of lumpy new 

bone formation and macroporosity. Produced with kind permission of Suffolk County Council. 

 
Figure 14.8- Loss of concavity of the mandibular fossa of the right temporal bone of SM-3095. Note 

the area of lytic destruction on anterior aspect. Produced with kind permission of Suffolk County 
Council. 



 

166 
 

 
Figure 14.9- Asymmetry between the shapes of the mandibular fossae of the right and left temporal 

bones of SM-3095. Produced with kind permission of Suffolk County Council. 

 
Figure 14.10- Some asymmetry in the shape of the right and left occipital condyles of SM-3095. 

Produced with kind permission of Suffolk County Council. 
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 The unilateral shortening and atrophy of the right side of the mandible may be 

attributed to several rare conditions, many of which exhibit significant soft tissue 

manifestations that allow for more a conclusive diagnosis in clinical settings. In 

palaeopathological analysis, soft tissue analysis is not possible, and thus a definitive 

diagnosis for SM-3095 is not possible. However, several disorders identified from 

clinical literature involving deformation of the mandible are considered as possible 

diagnoses for this individual and are briefly discussed below. 

Mandibulofacial dysostosis (Treacher Collins syndrome) causes hypoplasia of 

the mandible, but it is bilateral and also results in hypoplastic zygomatic bones, 

alterations which were not observed in SM-3095 (Gorlin et al. 2001: 795; McAlister 

and Herman 2002; Chang and Steinbacher 2012). Preaxial agrofacial dysostosis 

���1�D�J�H�U�¶�V���V�\�Q�G�U�R�P�H�����D�Q�G���S�R�V�W�D�[�L�D�O���D�F�U�R�I�D�F�L�D�O���G�\�V�R�V�W�R�V�L�V�����0�L�O�O�H�U�¶�V���6�\�Q�G�U�R�P�H�����F�D�Q���D�O�V�R��

cause hypoplasia of the entire mandible; radial hypoplasia/aplasia is common in the 

former condition, and shortening of the radius and ulna along with radioulnar 

synostosis is common in the latter condition (Gorlin et al. 2001: 803; McAlister and 

Herman 2002). Because the observed mandibular changes were unilateral, these 

conditions are unlikely diagnoses for SM-3095. 

 Many of the disorders which involve deformation of the mandible are also 

accompanied by external ear deformities. Townes-Brocks syndrome is characterised 

by dysplastic ears, but craniofacial abnormalities and mandibular asymmetry are rare 

(Keegan et al. 2001). Branchio-oto-renal syndrome (BOR) is also characterised by 

anomalies of the external ear and mandibular and facial asymmetry may be present 

(Gorlin et al. 2001: 810). Hemifacial microsomia may be the consequence of a severe 

form of BOR (Gorlin et al. 2001: 795), making this a possible diagnosis for SM-3095. 

 Parry-Romberg syndrome (PRS) is a condition characterised by progressive 

unilateral atrophy of the craniofacial region which can affect all facial tissues including 

underlying bony tissue (Al-Aizari et al. 2015). This unilateral atrophy causes shrinking 

of one side of the face and consequent deviation of the mouth and nose towards the 

affected side (El-Kehdy et al. 2012). The condition usually manifests in the first decade 

of life, is more frequently found in females (El-Kehdy et al. 2012), and commonly 

manifests in the left hand side of the face (Gorlin et al. 2001: 1020). SM-3095 was a 

female, and although the hypoplasia of the right mandible was observed, this condition 

remains a possible diagnosis. 
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 Hemifacial microsomia is a condition which affects aural, oral, and mandibular 

growth and development (Gorlin et al. 2001: 790)���� �*�R�O�G�H�Q�K�D�U�¶�V�� �V�\�Q�G�U�R�P�H��

(oculoauriculovertebral dysplasia) is a variation of this condition which involves 

anomalies of the spine including osseous fusion, hemivertebrae, supernumerary 

vertebrae, and an elongated odontoid process (McAlister and Herman 2002). It is not 

always possible to distinguish between he�P�L�I�D�F�L�D�O�� �P�L�F�U�R�V�R�P�L�D�� �D�Q�G�� �*�R�O�G�H�Q�K�D�U�¶�V��

syndrome (McAlister and Herman 2002), and due to the complex and heterogenous 

nature of this condition with a wide range of anomalies observed, the term oculo-

auriculo-vertebral spectrum (OAVS) is utilised here as suggested by Gorlin et al. 

(2001: 790). OAVS is characterised by facial asymmetry which may consist of 

hypoplasia or aplasia of the mandibular ramus or condyle, as was observed in SM-

3095, making this a likely diagnosis (Gorlin et al. 2001: 792). There is fusion of two 

cervical vertebrae (fragmented), and anterior rotation of three inferior zygapophyseal 

joints of three lumbar vertebrae, suggesting some spinal involvement, but the 

remaining vertebrae (all present) show no signs of abnormality. 

 The clinical manifestations of the three conditions that remain possible 

diagnoses for SM-3095 are very complex and extremely variable in terms of symptom 

manifestation. A brief summary is provided in Table 14.4 with some of the more 

common clinical manifestations of each condition. However, it should be noted that 

not all individuals with these conditions exhibit the listed symptoms, and there will be 

symptoms experienced by individuals with these conditions that are not included in 

this table.  

 

 

 

 

 

 

Table 14.4- Possible diagnoses for SM-3095 and associated clinical manifestations. 

Condition Pathological features and clinical manifestations 
Branchio-oto-
renal (BOR) 

- Hemifacial microsomia�Æ severe end of BOR syndrome 
- Craniofacial involvement 
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syndrome 
(Gorlin et al. 
2001: 810-2) 

- Face shape= long, narrow, constricted palate and overbite 
- Infrequent facial or mandibular asymmetry 

- Aural involvement 
- Wide range of ear anomalies�Æ severe microtia (small/absent ear), mild 

anomalies of pinnae, malformation or slanting of external canal, 
preauricular or helical pits 

- Hearing loss (75-95%)  
- Branchial cysts/fistulas�Æ 50-60%, usually bilateral, present on external 

lower 1/3 of neck, may be draining and become infected 
- Genitourinary involvement 

- Functional and structural anomalies (e.g. bilateral renal agenesis, 
polycystic kidneys, crossed renal ectopia) 

Parry-Romberg 
syndrome 

(PRS) (Gorlin 
et al. 2001: 

1020-1) 

- Facial, skin, and hair involvement 
- Ear deformity�Æ smaller than average, projection from head 
- Dark pigmentation of overlying skin 
- Alopecia (including eyelashes and eyebrows) 
- Poliosis (whitening of the hair) 

- Ocular involvement 
- Enophthalmos�Æ posterior displacement of eye (occurs in 80%) 
- Lagophthalmos (inability to close eye), ptosis (drooping eyelid) 
- Mild impairment of vision and blindness   

- Oral involvement 
- Atrophy of half of upper lip/tongue 
- Exposure of maxillary teeth on affected side 
- Shortened body and ramus of mandible�Æ resultant malocclusion  

- Central nervous system 
- Trigeminal neuralgia (chronic facial pain), facial paraesthesia 
- Jacksonian epilepsy 

- See El-Khedy et al. (2012) for more in depth review of clinical manifestations 
of PRS 
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Condition 
���F�R�Q�W�¶�G�� Pathological features and clinical manifestations 

OAVS (Gorlin 
et al. (2001: 

790-5) 

- Facial involvement 
- Marked asymmetry (20%), some asymmetry (65%) 
- Aplasia or hypoplasia of mandibular ramus and condyle 
- Maxillary, temporal, and malar bones smaller and flatter on affected side 

- Ocular involvement 
- Various types but frequently seen are epibulbar tumours 

dermoids/tumours (35%)�Æ possibility of impaired vision 
- Aural involvement 

- Found in over 65% with range of manifestations from anotia (absent ear) 
to mild external ear deformation 

- Bilateral anomalous pinnae 
- Periauricular skin tags 
- Hearing loss in more than 50% 

- Central nervous system 
- Lower facial weakness 
- Involvement of facial nerves 
- Trigeminal anaesthesia 

- Trachea and lung 
- 5%�Æ trachea-oesophageal fistula 
- Pulmonary anomalies�Æ incomplete lobulation, hypoplasia, agenesis 

- Heart 
- 5-58% have various forms of heart anomalies�Æ most common is 

ventricular septal defect  
- Skeletal involvement 

- Antero-inferior displacement TMJ joint 
- Reduction in size and elevation of orbit 
- Cervical vertebral fusion (60%) 
- Radial limb anomalies�Æ hypoplasia or aplasia of radius and/or thumb 
- Club foot (20%) 

- Renal and gastrointestinal anomalies have been described 
- Oral involvement 

- Macrostomia or pseudomacrostomia (wide mouth, lateral facial cleft) 
(35%) 

- Unilateral hypoplastic or paralysed palatal and tongue muscles 
- Dental malocclusion 
- Velopharyngeal insufficiency (air leakage in nasal passage during 

speech)�Æ results in hypernasality and decreased intelligibility (Woo 
2012) 

- See Gorlin et al. (2001) for more in depth review of clinical manifestations  
 

Several archaeological individuals have been described with similar alterations 

to those observed in SM-3095 and are summarised in Table 14.5. Hoffman et al. 

(2019) suggest that OAVS and/or Goldenhar syndrome should be considered 

subgroups of facio-auriculo-vertebral sequence (FAVs). Clinically, OAVS and/or 

Goldenhar syndrome are diagnosed by the presence of epibulbar dermoids and 

choristomas (benign soft tissue tumours or ocular skin tags) which are not present in 

most FAVs. Because in palaeopathological analysis, the soft tissue ocular 

abnormalities would not be visible, Hoffman et al. (2019) suggest that a diagnosis of 
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FAVs should be utilised in favour of OAVS or Goldenhar syndrome as distinguishing 

between these types is not possible in archaeological specimens. 

 

Table 14.5- Summaries of palaeopathological cases involving possible hemifacial microsomia.  

Reference Pathological alterations Conclusions 

Nagar and 
Arensburg (2000) 

- Bilateral aplasia of mandibular condyles 
- Extreme bilateral shortness of mandibular 

body 
- Posterior angulation of large mandibular 

foramina 
- Medial tilting of second and third mandibular 

molars on both sides 

Hemifacial 
microsomia 

Gregg et al. (2000) 

- Hypoplasia of L ascending ramus of 
mandible 

- Malformed L mandibular condyle 
- Asymmetry of mandible  

Hemifacial 
microsomia 

Murphy (2000) 

- Hypoplasia of L maxilla, nasal cavity, 
zygomatic, and L side of mandible 

- Metopic suture, nasal bones, palate, and L 
orbit�Æ lateral oblique deviation 

- Asymmetrical attrition of R and L 
mandibular molars 

Goldenhar 
syndrome/hemifacial 

microsomia 

Panzer et al. 
(2008) 

- Reduction in anteroposterior and vertical 
dimensions of L lower face 

- Aplasia of L zygomatic bone 
- Anteroinferior displacement of L mastoid 

process 
- Anteroinferior displacement of L TMJ with 

flattening of mandibular fossa�Æ indicates 
aplasia/hypoplasia of mandibular condyle 
and/or ascending ramus 

- Reduction in size and elevation of L orbit 
- Total bony atresia of L external auditory 

canal  

Goldenhar 
syndrome 

Viciano and 
�'�¶�$�Q�D�V�W�D�V�L�R��(2018) 

- L deviation of the palatine suture 
- Asymmetry in the position of the mastoid 

processes and EAMs 
- Hypoplasia of the R mandibular body 
- Hypoplasia of the L mandibular condyle 
- Aplasia of the R mandibular condyle 
- No abnormalities of spine 

OAVS (probable 
mild form like 

hemifacial 
microsomia) 

Hoffman et al. 
(2019) 

- R maxillary dysplasia 
- Inferior displacement of the R nasal 

aperture  
- Lateral displacement of the R anterior nasal 

spine and comer 
- Asymmetry between EAMs, zygomatic 

bones, and mastoid processes 
- Mild dysplasia of R mandible ascending 

ramus, condyle, and body  

Facio-auriculo-
vertebral sequence 

(FAVs) 
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 Besides the mandible with bilateral shortening described by Nagar and 

Arensburg (2000), SM-3095 exhibited more severe deformations than those described 

in the other palaeopathological cases, particularly in terms of anteroposterior 

mandibular shortening. The possibility of a traumatic lesion in childhood which 

subsequently altered the growth and development of the right side of the mandible 

remains a possibility, but there is no obvious sign of fracture or infection which would 

give more support to this possible diagnosis.  

 Without the soft tissue, it is not possible to diagnose the mandibular alterations 

observed in SM-3095 with absolute certainty. Regardless of the condition experienced 

by this individual, it is certain that the facial area would have been visually distinctive, 

and it is likely that there were accompanying deformities of the ear on the affected 

side. If the individual had BOR (although this is less likely as mandibular asymmetry 

is not common), SM-3095 probably had deformities of the ear, hearing loss, branchial 

cysts (possibly draining or infected), and functional and structural issues with the 

genitourinary system (Gorlin et al. 2001: 810-812). If SM-3095 had PRS, their obvious 

facial deformity may have been accompanied by deformation of the ear, dark 

pigmentation of the skin, hair loss, ocular abnormalities (inability to close the eye, 

drooping eyelid, blindness, etc.), chronic facial pain, and epilepsy (Gorlin et al. 2001: 

1020-1021).  

If SM-3095 had OAVS, which is the most likely diagnosis due to the fusion of 

two cervical vertebra and the abnormality of the left radius (see below), other clinical 

manifestations may have included impaired vision, deformity of the ear, hearing loss, 

macrostomia with lateral facial cleft (Gorlin et al. 2001: 790-795), and hypernasality or 

decreased intelligibility of speech (Woo 2012). Abnormalities of the central nervous 

system, trachea, lung, heart, and renal and gastrointestinal systems have also been 

noted, but cannot be confirmed by palaeopathological analysis. 

Gorlin et al. (2001: 795) report that between 5-15% of individuals with OAVS 

have some form of mental impairment, while Johansson et al. (2007) found a higher 

percentage. In a study that included 20 patients with OAVS, nine showed signs of 

learning disability: four had a mild learning disability, three had a severe learning 

disability, and two had a profound learning disability (Johansson et al. 2007). Eight of 

the 20 patients had either childhood autism, autistic disorder, autistic-like condition, or 

autistic traits (Johansson et al. 2007). While it cannot be confirmed 
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palaeopathologically, it is possible that in addition to an obvious facial deformity, 

probable hearing impairment, and possible speech dysfunction, SM-3095 may also 

have exhibited autistic-like behaviours or may have been mentally impaired.  

In terms of functional use of the jaw, malocclusion is clear due to the medial 

angulation of the right (probable) first and second mandibular molars. However, due 

to the attrition on both of these teeth and on the left probable second mandibular molar, 

the mandible was clearly still functional. Although SM-3095 was an older adult, the 

cusps of the right probable second mandibular molar were still very much intact, but 

there was an area of attrition on the most medial aspect of this tooth, suggesting that 

while mastication was still occurring, it was altered.  

Difficulty hearing and speaking, and possibly difficulty seeing would have 

rendered SM-3095 physically impaired, as normal social participation would not be 

possible. While her facial deformity would have been visually distinctive, it may not 

have been physically impairing as the jaw was still functional. It is certainly possible 

however, that the deformity of the mandible was socially impairing. In a clinical study 

investigating the social and psychological effects of major facial deformities in modern 

patients, Pruzinsky (1992: 580) found that these individuals were more subject to 

�³�E�H�L�Q�J�� �O�D�E�H�O�O�H�G�� �D�V�� �G�H�Y�L�D�Q�W���� �E�H�L�Q�J�� �W�K�H�� �Y�L�F�W�L�P�� �R�I�� �S�U�H�M�X�G�L�F�H�� �D�Q�G�� �G�L�V�F�U�L�P�L�Q�D�W�L�R�Q���� �D�Q�G��

experiencing the negative social, psychological, and economic impact of these 

evalu�D�W�L�R�Q�V�´���� �$�O�W�K�R�X�J�K�� �L�Q�G�L�Y�L�G�X�D�O�V�� �Z�L�W�K�� �Q�R�Q-facial deformities experience similar 

consequences, facial deformities are ranked the least desirable physical impairment 

among adults and children (Pruzinsky 1992). In another clinical study, Rankin and 

Borah (2003) found that individuals with abnormal facial features were rated as 

significantly less honest, employable, trustworthy, optimistic, effective, capable, 

intelligent, popular, and attractive. Admittedly, the social ramifications of facial 

deformity will depend on social attitudes and opinions, which will vary temporally and 

geographically. However, studies found that six-month-old infants (who are not socially 

biased) have the ability to differentiate between attractive and less attractive faces, 

and prefer attractive faces (Ramsey et al. 2004). Therefore, it appears that there is an 

inherent biological human preference for faces that are more attractive. Thus, while 

modern clinical studies investigating the social impacts of facial deformities will 

certainly by biased by current social opinion (which may have differed considerably 

from Anglo-Saxon opinions), it is unlikely that Anglo-Saxons did not differentiate 
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between faces with and without facial deformity, and therefore social stigma may have 

been present. 

 

14.2.2.2 Upper limbs 

 The pathological alterations observed in the upper limbs of SM-3095 are 

provided in Table 14.6. 

 

Table 14.6- Descriptions of the pathological alterations observed in the upper limbs of SM-
3095. 

Bone Description 

R scapula 
- Enlargement of glenoid cavity with lumpy compact bone formation on the 

articular surface and evidence of macroporosity (Figure 14.11) 

R humerus 
- Deformation of humeral head and considerable taphonomic damage 
- Appears as if there is flattening and enlargement of the humeral head with 

lumpy compact bone formation and macroporosity (Figure 14.11) 

L radius 

- Deformation of distal end�Æ the articular surface has been tilted medially 
- Lateral bowing of entire bone (Figure 14.12) 
- L radius is shorter than the R, although no measurements could be taken 

(Figure 14.13) 
- Lipping of distal articular surface�Æ more prominent on anterior surface of 

the joint 
- Small circular perforation through the osteophytic lipping on the medial 

and anterior aspect of the distal end with evidence of remodelled 
trabeculae inside the perforation (Figure 14.14) 

L ulna - Only fragment remaining (probably distal shaft)�Æ appears deformed in 
shape 

L hand 

- Three carpals present 
- Trapezium�Æ normal 
- Concave articular surface of scaphoid for articulation with the capitate is 

no longer concave, and the opposing convex surface for the distal radius 
is flattened with evidence of macroporosity (Figure 14.15) 

- Articular surface of the lunate for the distal radius also flattened with a 
groove on the superior aspect 

- R and L MC3s are similar in size and shape 
- L MC4 is noticeably shorter than the R 
- L MC5 is noticeably thinner than the R (Figure 14.16) 
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Figure 14.11- Left: new bone formation and macroporosity of the right glenoid cavity of SM-3095; 

Right: flattening and enlargement of the right humeral head of SM-3095. Produced with kind 
permission of Suffolk County Council. 

 
Figure 14.12- Medial tilting of the distal articular surface of the left radius of SM-3095. Produced with 

kind permission of Suffolk County Council. 
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Figure 14.13- Shortening and lateral distal bowing of the left radius of SM-3095. Produced with kind 

permission of Suffolk County Council. 

 
Figure 14.14- Perforation in the osteophytic lipping on the medial and anterior aspect of the distal end 

of the left radius of SM-3095. Produced with kind permission of Suffolk County Council. 
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Figure 14.15- Lack of concavity of the articular surface for the capitate of the left scaphoid of SM-

3095. Produced with kind permission of Suffolk County Council. 

 
Figure 14.16- Thinning and shortening of the shaft of the left MC5 of SM-3095 (bottom) in comparison 

with the right (top). Produced with kind permission of Suffolk County Council. 
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 Differential diagnoses for the alterations observed in the left upper limb of SM-

�����������L�Q�F�O�X�G�H���W�U�D�X�P�D�����0�D�G�H�O�X�Q�J�¶�V���G�H�I�R�U�P�L�W�\�����D�Q�G���U�D�G�L�D�O���D�E�Q�R�U�P�Dlity as a consequence 

of the probable OAVS demonstrated from the craniofacial alterations. Trauma to the 

distal end of the radius can cause various types of displacement (dorsal displacement 

�R�I�� �W�K�H�� �G�L�V�W�D�O�� �H�Q�G�� �L�Q�� �&�R�O�O�H�V�¶�� �I�U�D�F�W�X�U�H�V�� �D�Q�G�� �S�D�O�P�D�U�� �G�L�V�S�O�D�F�H�P�H�Q�W�� �R�I the distal end in 

�6�P�L�W�K�¶�V�� �I�U�D�F�W�X�U�H�V����(Resnick 2002n). However, there is no obvious line of fracture, 

callus formation, or disruption of the radial shaft making this diagnosis less likely for 

SM-3095. 

 �0�D�G�H�O�X�Q�J�¶�V���G�H�I�R�U�P�L�W�\���L�V���F�D�X�V�H�G���E�\���S�U�H�P�D�W�X�U�H���I�X�V�L�R�Q���R�I���W�K�H���P�H�G�L�D�O���D�V�S�H�F�W���R�I���W�K�H��

distal radial epiphysis which causes lateral bowing and shortening of the entire bone 

(Resnick 2002a). This condition is three to five times more frequent in females, and 

although it is more commonly bilateral, unilateral cases exist as well (Resnick 2002a). 

�0�D�G�H�O�X�Q�J�¶�V���G�H�I�R�U�P�L�W�\���F�D�Q���D�I�I�H�F�W���W�K�H���H�Q�W�L�U�H���U�D�G�L�X�V���R�U���M�X�V�W���W�K�H���G�L�V�W�D�O���H�Q�G����which appears 

to be the case with SM-3095, as the bowing and shortening of the radius is not severe 

(Zebala et al. 2007). Symptoms, which usually manifest in adolescence, include pain, 

fatigue, and restricted movement (particularly dorsal extension, ulnar deviation, and 

supination) (Resnick 2002a), but are less severe in individuals with only distal 

involvement of the radius (Zebala et al. 2007). Five of six patients with the unilateral 

condition all had less severe distal radius involvement (Zebala et al. 2007), as 

observed in SM-3095. As the condition may cause pain and restricted movement, it is 

possible that an individual would favour the non-affected hand, which might explain 

the difference in size of the right and left MC4s and the noticeable thinning of the left 

MC5. The right and left MC3s are similar in size, however, perhaps suggesting that 

there was only disuse of MC4 and MC5. Anderson and Carter (1995) identified an 

archaeological individual �I�U�R�P���P�H�G�L�H�Y�D�O���6�W�����*�U�H�J�R�U�\�¶�V��Priory who had unilateral bowing 

of the right radius with atrophy of the right metacarpals which was attributed to 

�0�D�G�H�O�X�Q�J�¶�V���G�H�I�R�U�P�L�W�\�� 

 Radial ray abnormalities, although rare, appear to be associated with OAVS, 

and usually manifest as hypoplasia or aplasia of the radius or thumb (Gorlin et al. 

2001: 794). In a clinical study which investigated Brazilian patients with OAVS and 

radial ray abnormalities, Vendramini et al. (2007) reported similar findings, with the 

most common abnormalities being hypoplasia of the radius and thumb. Although the 

osteological alterations of each patient were not described, photographs were 

provided. Of 14 patients examined in this study, five showed considerable angulation 
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of the hand, although in all cases the hand was deviated laterally (in anatomical 

position). One patient also had an abnormal first digit, an extremely short second digit, 

and normal third, fourth, and fifth digits. Thus, although the deviation of SM-���������¶�V���O�H�I�W��

hand would have been medial, it is possible that the deformity observed is associated 

with OAVS: there was hypoplasia of the medial distal radial epiphysis which then 

caused abnormal angulation of the wrist. In addition, the fact that SM-���������¶�V���U�L�J�K�W���D�Q�G��

left MC3s appear similar in size while the left MC5 was considerably smaller, could 

perhaps be explained as another consequence of radial ray abnormality, just as 

demonstrated by the patient with one short finger in Vendramini et al. (2007) (Figure 

14.17).  

 
Figure 14.17- Digit abnormalities of a patient with OAVS. Source: Vendramini et al. (2007). Reprinted 

by permission from Springer Nature Customer Service Centre GmbH: Springer Nature, European 
Journal of Human Genetics, Oculoauriculovertebral spectrum with radial defects: a new syndrome or 

an extension of the oculoauriculovertebral spectrum? Report of fourteen Brazilian cases and review of 
the literature, Vendramini, S, Richieri-Costa, A, and Guion-Almeida, M, © 2007. 

 

 Although the bowing and shortening of the left radius is not extreme, it is 

possible that these alterations would have led to restricted movement (pronation, 

supination, and extension) (Zebala et al. 2007), and may also have caused pain. 

Without the rest of the hand bones, it is difficult to determinate to what extent the hand 

would have been deformed. But the differences in size of the metacarpals suggest 

that there was some abnormality of the digits, which may have been visually 

distinctive. The flattening and deformation of the right humeral head and the 

corresponding enlargement and macroporosity of the right glenoid cavity suggest OA 

of the right shoulder, which may have been used more than the left due to the deformity 
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of the distal left radius. If hand use was restricted, SM-3095 would have been limited 

in terms of social and economic participation.  

 

14.2.2.3 Lower limbs 

 The pathological alterations observed in the lower limbs of SM-3095 are 

provided in Table 14.7. Measurements of the lower limb long bones are provided in 

Table 14.8. 

 

Table 14.7- Descriptions of the pathological alterations observed in the lower limbs of SM-
3095. 

Bone Description 

L femur 

- Severe deformation of the femoral head which is essentially absent 
- Articular surface of femoral head is completely flattened and has been 

displaced slightly inferiorly down the shaft (Figure 14.18) 
- Deep groove immediately anterior to the lesser trochanter which extends 

under the flattened femoral head�Æ it appears as if this would have 
connected with the trochanteric fossa, but the flattened femoral head has 
attached in this area instead (Figure 14.19) 

- Bridge of bone between the flattened femoral head and the femoral shaft 
just superior to the lesser trochanter (Figure 14.19) 

- The remainder of bone is relatively normal in shape although it is 
considerably more slender than the R with a poorly-defined linea aspera 
(Table 14.8, Figure 14.20) 

R femur - Lateral bowing of the shaft  
- Very defined linea aspera 

L pelvis 

- Very fragmented 
- Severe dysplasia of acetabulum which is essentially absent 
- Acetabulum is no longer concave with evidence of macroporosity (Figure 

14.21) 
- Area that was the acetabulum is divided in two by a groove 

- Area superior to the groove is relatively smooth and probably 
articulated with the very flat aspect of the deformed femoral head 

- Area inferior to the groove is very irregular and lumpy in texture with 
macroporosity and microporosity 

- Area between the superior ramus and the anterior iliac spine is abnormal in 
shape�Æ usually there is a convex surface (the superior part of the 
acetabulum) between these two features�Æ there is now only a notch 
(Figure 14.22) 

- Difficult to say how the flattened femoral head articulated with the deformed 
acetabulum due to damage�Æ articulation would have been highly abnormal 

R/L tibiae, 
fibulae, 

foot bones 
- No obvious size differences 

Table 14.8- Measurements for the lower limb long bones of SM-3095. 

Bone Measurement R (mm) L (mm) 
Femur Subtrochanteric anterior-posterior diameter 30 26 
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Subtrochanteric medial-lateral diameter 33 19 
Midshaft anterior-posterior diameter 31 25 
Midshaft medial-lateral diameter 29 19 

Tibia Anterior-posterior diameter at nutrient foramen 33 30 
Medial-lateral diameter at nutrient foramen 22 22 

 

 
Figure 14.18- Severe flattening of the left femoral head of SM-3095. Produced with kind permission of 

Suffolk County Council. 

 

Figure 14.19- Groove anterior to the lesser trochanter extending under the flattened left femoral head 
of SM-3095. Note the smooth bony bridge between the femoral head and shaft just superior to the 

lesser trochanter. Produced with kind permission of Suffolk County Council. 

 
Figure 14.20- Atrophy of the shaft of the left femur of SM-3095. Produced with kind permission of 

Suffolk County Council. 
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Figure 14.21- Severe deformation and flattening of the left acetabulum of SM-3095 with no normal 

smooth articular surface for the femoral head. Produced with kind permission of Suffolk County 
Council. 
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Figure 14.22- Abnormal shape of the area between the superior pubic ramus and the anterior superior 

iliac spine of SM-3095. Produced with kind permission of Suffolk County Council. 

  

Differential diagnoses for the pathological alterations observed in the left hip of 

SM-3095 include LCP (Section 22.6.1), SCFE (Section 22.6.2), and congenital hip 

dysplasia (Section 22.6.3). LCP can be excluded as the femoral head was not 

mushroom shaped and there was complete dysplasia of the acetabulum (Ortner 2003: 

346). Although there is essentially no femoral neck left, there appears to be some 

inferior slippage of the flattened femoral head down the shaft, thus, SCFE remains a 

possible diagnosis for SM-3095. 

A better diagnosis for SM-3095 is chronic developmental hip dislocation. The 

right femoral head is small and flattened and there is a dysplastic false acetabulum, 

both of which are consistent with developmental hip dislocation (Mitchell and Redfern 

2008). This condition occurs almost eight times more frequently in females than males 

and is bilateral in only 25% of cases (Dwek et al. 2002). Therefore, SM-3095 matches 

well with clinical statistics. As there is no normal acetabulum, the dysplastic femoral 

head of SM-3095 must have articulated with a false acetabulum which was probably 
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the previously mentioned raised, slightly flattened area posterosuperior to where the 

acetabulum should be.  

Functional impacts of developmental hip dysplasia are discussed in more detail 

in Section 22.6.3. These impacts vary widely between patients, but pain, ankylosis, 

reduced range of motion, and restricted ambulation were all recorded in patients with 

severe developmental hip dysplasia (Crowe et al. 1979). SM-3095, who would not 

have had access to the same medical support as the patients in the above study, 

probably experienced similar, if not worse, symptoms. The severe deformation of the 

right femoral head and acetabulum observed in SM-3095 would have created an 

abnormal articulation of the left hip, which would probably have caused substantial 

abnormality of gait. The considerable discrepancy in the sizes of the right and left 

femora indicates disuse atrophy of the left leg, suggesting that SM-3095 favoured the 

right leg over the left, probably due to restricted movement and pain of the abnormal 

hip joint. The abnormality of her gait is emphasised by the functional adaptation of the 

right leg: the considerable lateral bowing is probably a consequence of overuse of the 

right leg and abnormal muscle forces caused by walking with an exaggerated limp. 

With an abnormal gait and an atrophied lower limb, SM-3095 was probably visually 

distinctive to her surrounding community. In addition, the abnormality of her 

locomotion and the probable pain associated with her deformity probably restricted 

her participation in social and economic activities.  

 In summary, SM-3095 was a very unique individual. She probably had OAVS 

(or a similar condition) which resulted in considerable facial asymmetry and deformity, 

probable ear deformity and hearing loss, and possible visual, speech, and mental 

impairment. She also had lateral angulation of the left hand and evidence of hand digit 

abnormalities as well as developmental dislocation of the left hip which would have 

resulted in an abnormal gait. All of these skeletal alterations would have contributed 

to physical impairment: her facial deformity would have been very obvious and 

distinctive, the alterations of the left forearm would have restricted the use of that hand 

and may have rendered the left forearm visually distinctive, and the permanent 

dislocation of the left hip resulted in an atrophied leg and limp, both of which would 

have been visually distinctive. Finally, the probable symptoms which would not have 

manifested skeletally, including hearing loss (the EAMs were not available for 

analysis), visual impairment, intelligibility of speech, and possible mental impairment, 

would have put SM-3095 at a distinct disadvantage as social participation and 
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communication would have been difficult and limited. Due to her physical impairments, 

it is likely that SM-3095 required external care-giving to ensure survival (see Volume 

2, Section 10.2.2.10). 
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15  Water Lane 

15.1 Qualitative comparison of palaeopathological analysis 
While some of the pathological lesions observed by the current author in the 

random sample of 30 individuals were not specifically mentioned in the previous 

osteological report (e.g. a well-healed tibia fracture in WL-312 and OA of MT1 in WL-

1032), the general conditions (e.g. trauma and OA) were considered. Other 

pathological lesions observed by the current author were mentioned specifically in the 

previous osteological report (e.g. nasal abscess in WL-1124 and severe OA in WL-

1188). Thus, the previous palaeopathological analysis was comprehensive and did not 

�G�L�I�I�H�U���V�L�J�Q�L�I�L�F�D�Q�W�O�\���I�U�R�P���W�K�H���F�X�U�U�H�Q�W���D�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V�� 

 

15.2 Detailed differential diagnoses 

15.2.1 Water Lane 1187 

WL-1187 was an older adult male. Descriptions of the pathological alterations 

observed in WL-1187 are provided in Table 15.1. 

 

Table 15.1- Descriptions of the pathological alterations observed in the upper limbs of WL-
1187. 

Bone Description 
L clavicle - Well-healed but slightly malaligned fracture (Figure 15.1) 

L scapula 

- Deformation of the glenoid cavity�Æ flattened and enlarged and has a very 
irregular shape (Figure 15.3) 

- Eburnation and macroporosity across articular surface of glenoid cavity 
- Area of glenoid cavity which acted as a point of articulation for humeral 

head is concentrated on the posterior aspect of the surface 
- Anterior part of glenoid cavity has appearance of non-articular cortical bone 

L 
humerus 

- Deformation of the humeral head�Æ flattening of the surface along with 
eburnation, porosity, and marginal osteophytes (Figure 15.2) 

- Articular surface of the humeral head has been rotated posteriorly 

R radius 
- Ulnar notch is enlarged 
- Small piece of bone (perhaps deformed lunate?) fused to the medial side of 

the distal articular surface (Figure 15.4).  

R ulna 
- Distal end is deformed with slight medial angulation, and a deformed styloid 

process appears to have been displaced proximally along the shaft of the 
bone (Figure 15.5) 

R hand 
- Damaged unit of bone which demonstrates evidence of bony ankylosis 
- This unit is possibly the fusion of MC5 and the hamate but with the level of 

fragmentation and poor preservation, it is difficult to tell 
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Figure 15.1- Well-healed but slightly malaligned midshaft fracture of the left clavicle of WL-1187. 

Produced with kind permission of Cambridgeshire County Council. 

 
Figure 15.2- Flattening and porosity of the left humeral head of WL-1187. Produced with kind 

permission of Cambridgeshire County Council. 

 
Figure 15.3- Deformation of the left glenoid cavity of WL-1187 with macroporosity and eburnation. 

Note the displacement of the articular surface towards the posterior aspect of glenoid cavity. 
Produced with kind permission of Cambridgeshire County Council. 
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Figure 15.4- Enlarged ulnar notch of the right radius of WL-1187. Note the attachment of bone on the 
medial aspect of the distal articular surface. Produced with kind permission of Cambridgeshire County 

Council. 

 
Figure 15.5- Slight medial angulation of the distal end of the right ulna of WL-1187. Note the 

proximally displaced/fused styloid process. Produced with kind permission of Cambridgeshire County 
Council. 
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Following the operational definition set out by Waldron (2009: 34), the 

alterations observed in the left shoulder joint can be diagnosed as OA. The abnormal 

location of the articular surface in the left glenoid cavity indicates that there was 

probably some form of slight chronic subluxation of the left shoulder. It is possible that 

the fracture and malalignment of the left clavicle forced the left shoulder joint into an 

abnormal angle (possibly causing subluxation of the shoulder joint), which resulted in 

the secondary osteoarthritic changes observed in both the left humeral head and 

corresponding glenoid cavity. It is possible that these alterations caused stiffness of 

the left shoulder which may have caused some restriction of movement, but due to the 

osteoarthritic changes to the joint, it is clear that the upper limb was still functional.  

Acquired (non-congenital) bony ankylosis can be caused by various conditions, 

including but not limited to various joint diseases (Section 22.5), non-specific infection, 

septic arthritis (Section 22.5.7), and trauma (Kacki 2013). Unfortunately, as so little 

was present of the right hand, a definite diagnosis is not possible, but several 

differential diagnoses are discussed below. RA is a less likely diagnosis because, 

although ankylosis of the small joints of the wrist can occur in RA (Leden et al. 2012), 

distribution is generally bilateral. Most of the left hand bones were present and 

unaffected. Similarly, erosive OA is a less likely diagnosis as distribution tends to be 

bilateral (Resnick 2002c), and none of the left hand bones were affected. Gout and 

�5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�Pe are less likely diagnoses as they more commonly affect the joints 

of the lower limb and carpal fusion is uncommon (Kacki 2013). 

PsA is characterised by bony erosion and proliferation, but is most commonly 

found in the DIPs of the hand with symmetrical or asymmetrical distribution (Resnick 

2002q). Bony ankylosis is common at the MCP (as observed in WL-1187) (Waldron 

2009: 64), PIP, and DIP joints, and can occur in the wrist (Resnick 2002q). Because 

almost all of the phalanges were absent, it was not possible to confirm or disprove 

PsA, and it remains a possible diagnosis.  

Septic arthritis can also cause bony ankylosis of affected joints (Ortner 2003: 

222), and cannot always be differentiated from ankylosis due to trauma (Ortner 2003: 

132). With the slight medial bowing of the distal right ulna, the deformation and the 

proximal displacement of the ulnar styloid process, a traumatic injury is perhaps the 

more likely diagnosis. However, with so little of the right hand preserved, a more 
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specific diagnosis is not possible, and the full extent of the pathological alterations is 

unknown.  

In a clinical study which investigated the effects of carpal fusion on 61 patients 

who had experienced traumatic brachial plexus injury, fusion of the wrist led to 

increased joint stability (97%) and improved use of the affected hand (80%) (Terzis 

and Barmpitsioti 2009). While WL-1187 did not have access to a surgical wrist 

arthrodesis, it is possible that the functional impacts described by patients who have 

undergone wrist fusion can be applied to WL-1187. Thus, it should not be determined 

that the pathological alterations observed in the right wrist of WL-1187 were definitively 

impairing. But as there was probable trauma to the distal end of the ulna with slight 

medial angulation, and fusion of bone to the distal end of the radius, it is possible that 

the right wrist was compromised (stiffness, abnormal angle, etc.) which could have 

restricted social and economic participation to an extent. 

 

15.2.2 Water Lane 1189 

WL-1189 was a middle adult female. The left femoral head is deformed in shape 

with a more conical appearance than usual (Figure 15.6), and has been displaced 

posteriorly. There is significant osteophytic lipping on the superior and inferior aspects 

of the femoral head, compact bumpy bone growth on the anterior aspect, and a cleft 

in the articular surface on the inferior aspect (Figure 15.7). There is corresponding 

deformation of the left acetabulum with severe osteophytic lipping around the entire 

margin, a cleft in the articular surface on the inferomedial aspect of the rim, and a large 

lump of smooth compact bone adjacent to the cleft laterally (Figure 15.7). There is 

some evidence of asymmetry in the sacrum: the left ala is slightly smaller than the 

right and is displaced slightly posteriorly (Figure 15.8). There is only slight asymmetry 

in L5 and no evidence of scoliosis in the remainder of the spine.  
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Figure 15.6- Conical deformation of the left femoral head of WL-1189. Produced with kind permission 

of Cambridgeshire County Council. 

 
Figure 15.7- Left: cleft in the inferior aspect of the left femoral head of WL-1189; Right: significant 

osteophytic lipping around the rim of the left acetabulum of WL-1189. Note the cleft in the 
inferomedial aspect of the articular surface. Produced with kind permission of Cambridgeshire County 

Council. 

 
Figure 15.8- Slight posterior displacement of the left sacral ala of WL-1189. Produced with kind 

permission of Cambridgeshire County Council. 
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 Due to the extensive bone growth on both the left femoral head and 

acetabulum, normal articulation between these two elements is not possible- the left 

femoral head has to be inserted into the acetabulum at an angle, and when the correct 

articulation is reached, further movement or rotation is impossible. In other words, the 

femur is fixed in hyperadduction and is also horizontally projecting from the body (i.e., 

the hip would have been fixed with the left upper leg crossed medially in front of the 

body) (Figure 15.9). 

 
Figure 15.9- Abnormal articulation of the left femur and acetabulum of WL-1189 demonstrating 

angulation of the left upper leg (anterior view). Produced with kind permission of Cambridgeshire 
County Council. 
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The articular contour change and considerable marginal osteophytic lipping of 

the left femoral head and acetabulum are consistent with OA (Waldron 2009: 27). Due 

to the significant posterior displacement of the most medial aspect of the femoral head, 

it is likely that these osteoarthritic changes were secondary to a traumatic injury to the 

femoral head.  

There is a possible fracture line detectable, but without a radiograph, 

confirmation of this is not possible. However, if there was a fracture, it is likely that the 

femoral head healed in the incorrect position, subsequently causing fixation of the joint 

in this position. With the leg articulated at such an abnormal angle, it seems unlikely 

that WL-1189 would have been able to use her left leg very effectively. However, there 

still was a prominent linea aspera and no signs of obvious atrophy of the left femur. In 

addition, although the femoral head was immoveable within the acetabulum, there was 

no ankylosis of the joint. This suggests that perhaps WL-1189 did not live long with 

this injury, as there was no time for her bone to atrophy from disuse or for the hip joint 

to ankylose to provide support.  

Unfortunately, the left and right tibiae and fibulae along with the right femur were 

missing, so a further investigation into the abnormal locomotion of this individual is 

difficult. If WL-1189 was walking on the affected leg, she would certainly have moved 

with a severely altered gait, which would have made her visually distinctive, and also 

would have restricted normal participation in social and economic activities. If WL-

1189 was still in a period of healing and immobility when she died, while she may have 

been able to contribute in some ways, her social participation certainly would have 

been limited. 
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16  Black Gate 

16.1  Qualitative comparison of palaeopathological analysis 
Previous palaeopathological analysis was performed by Swales (2012) on the 

entire skeletal collection. A report and catalogue produced by the Archaeological 

Research and Consultancy, University of Sheffield (ARCUS) for the individuals 

excavated in 1990 and 1992 (ARCUS 1996) was also available.  

Many of the non-physically impairing alterations noted by the current author in 

the random sample of 30 individuals were mentioned specifically by ARCUS (1996) 

(e.g. healed humeral fracture, rib periostitis, and OA of the hand in BLG-447, healed 

fracture of the right radius in BLG-610, spondylolysis of L5 in BLG-635,), and by 

Swales (2012) (e.g. sacralisation and spondylolysis of lumbar vertebrae in BLG-230, 

fusion of two thoracic vertebrae in BLG-310, healed fracture of the right distal humerus 

in BLG-447, and tibial periostitis in BLG-604). Although not every single pathology 

identified by the current author was specifically mentioned by ARCUS (1996) or 

Swales (2012), the previous researchers tended to record pathologies with much more 

detail than the current author due to the more comprehensive nature of their analysis. 

Thus, the previous palaeopathological analysis was comprehensive and did not differ 

�V�L�J�Q�L�I�L�F�D�Q�W�O�\���I�U�R�P���W�K�H���F�X�U�U�H�Q�W���D�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V�� 

 

16.2 Detailed differential diagnoses  

16.2.1 Black Gate 442 

BLG-442 was recorded by Swales (2012) as a middle adult (25-35 years), as 

20-29 years by ARCUS (1996), and as a young adult by the current author. The 

description of pathological changes observed in BLG-442 are provided in Table 16.1. 
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Table 16.1- Descriptions of pathological alterations observed in BLG-442. 

Bone Description 
R/L upper limb 
long bones 

- All upper limb long bones are gracile�Æ not much evidence for muscle 
attachments (Figure 16.1) 

Proximal manual 
phalanges 

- Volar grooves present on five proximal phalanges (none of which are 
for MT1) 

Thoracic 
vertebrae 

- Five thoracic vertebrae present with a body attached to a neural arch 
�Æ cannot articulate them so numbers are unknown 

- One has deviation of spinous process to the L (Figure 16.2) 
- One has deviation of spinous process to the L, asymmetrical 

transverse processes, and asymmetrical SZJs (Figure 16.3) 
- One has deviation of spinous process to the L and asymmetrical 

transverse processes 
- One has no spinous process present, a L transverse process that 

deviates superiorly, and asymmetrical IZJs 
- One only has a L transverse process present 

- Fragments of six neural arches unattached to a vertebral body 
present 

- One has a L SZJ that is much larger than the R, asymmetrical 
IZJs, and a shortened, flattened dysplastic L transverse process 

- One has a L SZJ that is much larger than the R (which is almost 
non-existent), a L IZJ that is much larger than the R (non-
existent), and a small and inferiorly-angling L transverse process 

- One has a superiorly deviating L transverse process, an inferiorly 
deviating R transverse process, and a L IZJ with two facets that 
is much larger than the R (Figure 16.4) 

- One has a L IZJ that is very large with two facets (R IZJ broken), 
a large L SZJ (R SZJ broken), and an inferiorly deviated spinous 
process (Figure 16.5) 

- One has a spinous process which deviates L and nothing else 
that can be analysed due to post-mortem damage 

- One has a large, porous, very concave L SZJ (R SZJ broken), a 
short L transverse process which deviates inferiorly, and a L IZG 
that is large with two facets (porosity, eburnation) (R IZJ broken) 
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Bone ���F�R�Q�W�¶�G�� Description 

Lumbar 
vertebrae 

- There are four lumbar vertebral bodies which cannot be numbered 
- One has several lytic lesions on the L superior surface of the body 
- One has an asymmetrical body with wedging on the L side  
- One is too damaged to analyse 
- One has very obvious superior-inferior wedging on the R side of 

the body (Figure 16.6) 
- There are five neural arch fragments which cannot be numbered 

- One has completely asymmetrical IZJs�Æ the R one is very large 
and convex while the L is smaller and flatter, and the R SZJ is 
completely circular, concave, and about 12mm in diameter (Figure 
16.7) 

- One has asymmetrical IZJs�Æ the R one is large and convex with 
an extension of this facet inferiorly, the L one is relatively flat (SZJs 
broken) 

- One is mostly broken but has a short, thin, inferiorly angled spinous 
process (Figure 16.8) 

- One has asymmetrical IZJs�Æ the R is larger and more convex, the 
L is smaller and flat 

- One has two SZJs which curve superiorly and to the R and there 
are asymmetrical IZJs�Æ R one is larger and concave, and the L 
one is non-existent (no area for articulation with a scalloped edge 
and spur of bone pointing inferiorly) (Figure 16.9)  

Ribs 

- There is deformation in shape of the heads of many of the ribs on both 
the R and L sides (more severe on the L) (Figure 16.10) 

- There is asymmetry in the curvature of the ribs between the R and L 
sides�Æ the R ribs are noticeably more curved than the L ribs (Figure 
16.11) 

R/L pelvis 

- Auricular surface is abnormal in shape on the R pelvis (Figure 16.14)�Æ 
asymmetry between superior and inferior halves 

- The area immediately posterior to the auricular surface on both the R 
and L pelves has an abnormal surface texture with many cavitations 
aligned in an anterior-posterior direction that are perforating�Æ bone 
appears almost stringy (Figure 16.15) 

R/L femora 

- Both the R and L femora are slender without much evidence of muscle 
attachment although the linea aspera are still present (Figure 16.16) 

- Both the R and L femoral heads have been displaced slightly superiorly, 
and the femoral necks appear slightly elongated (Figure 16.17) 

R tibia - Fragmented but fragment shows gracility with minimal muscle 
attachments 

?R fibula 
- The ?R fibula is hypoplastic�Æ shorter in length and smaller in width 

than the other side (Figure 16.19) 

R calcaneus 

- Sustentaculum tali is abnormal in shape�Æ thin/pointed (Figure 16.22) 
- The angles of all three of the articular surfaces for the talus are much 

steeper than normal 
- There is an extra articular facet on the lateral side of the body 

anteroinferior to the posterior talar articular surface.   

R talus 

- The entire bone has been elongated in an antero-posterior direction 
(Figure 16.20) 

- The neck of the talus has been elongated and displaced in an inferior 
and medial direction creating an abnormal articulation between the 
talus and calcaneus (Figure 16.21)  

L calcaneus - There is an extra articular facet on the lateral side of the body 
anteroinferior to the posterior talar articular facet. 
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The lack of muscle attachments and gracility observed in the right and left upper 

limb long bones is indicative of disuse atrophy of the arms (Figure 16.1). The volar 

grooves observed in five proximal manual phalanges are indicative of some sort of 

hand deformity that forced flexion at the PIP joints in both hands. These volar grooves 

have been described well in association with archaeological cases of leprosy with 

regards to the characteristic claw hand deformity (Andersen and Manchester 1987), 

however other conditions which cause similar contractions of the fingers are likely to 

result in similar skeletal alterations.  

 
Figure 16.1- Gracile right and left humeri of BLG-442. Produced with kind permission of the 

Department of Archaeology, University of Sheffield. 

 

The gross skeletal changes observed in the thoracic and lumbar vertebrae and 

the ribs including deviation of the spinous processes, wedging of vertebral bodies, 

asymmetry of the transverse processes and superior/inferior articulating facets, 

asymmetry in the curvature of the ribs, and abnormal location of the costovertebral 

facets are indicative of severe scoliosis (Ortner 2003: 466-7; Waldron 2009: 216) 

(Figure 16.2-Figure 16.11). 
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Figure 16.2- Left deviation of the spinous process of a thoracic vertebra of BLG-442. Produced with 

kind permission of the Department of Archaeology, University of Sheffield. 

 
Figure 16.3- Asymmetrical transverse processes of a thoracic vertebra of BLG-442. Produced with 

kind permission of the Department of Archaeology, University of Sheffield. 
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Figure 16.4- Asymmetrical inferior zygapophyseal joints of a thoracic vertebra of BLG-442. Note the 
double facet of the left inferior articulating facet. Produced with kind permission of the Department of 

Archaeology, University of Sheffield. 

 
Figure 16.5- Inferior deviation of the spinous process of a thoracic vertebra of BLG-442. Produced 

with kind permission of the Department of Archaeology, University of Sheffield. 



 

200 
 

 
Figure 16.6- Severe superior-inferior wedging of the right side of a lumbar vertebra of BLG-442. 

Produced with kind permission of the Department of Archaeology, University of Sheffield. 

 
Figure 16.7- Concave, circular right superior zygapophyseal joint of a lumbar vertebra of BLG-442. 

Produced with kind permission of the Department of Archaeology, University of Sheffield. 
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Figure 16.8- Deformed and inferiorly deviating spinous process of a lumbar vertebra of BLG-442. 

Produced with kind permission of the Department of Archaeology, University of Sheffield. 

 
Figure 16.9- Deformation of a lumbar neural arch of BLG-442 with right and superior deviation of the 

superior articulating facets. Produced with kind permission of the Department of Archaeology, 
University of Sheffield. 
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Figure 16.10- Deformation in shape and thinning of the heads of two left ribs of BLG-442. Produced 

with kind permission of the Department of Archaeology, University of Sheffield. 

 
Figure 16.11- Asymmetry in the curvature of the right and left ribs of BLG-442. Produced with kind 

permission of the Department of Archaeology, University of Sheffield. 
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As the spine of BLG-442 was poorly preserved and highly fragmented, it is 

useful to consider the original photograph taken at the time of excavation to examine 

the degree of scoliosis exhibited by this individual (Figure 16.12).  

 
Figure 16.12- In situ excavation photograph of BLG-442. Source: Unpublished archive held by the 

Department of Archaeology at the University of Sheffield. © John Nolan. 

  

As demonstrated in Figure 16.12, this individual exhibits S-shape double curve 

scoliosis. The Cobb angle, which is the standard measurement for the curvature of a 

scoliotic spine (Goldstein and Waugh 1973), was calculated from the excavation photo 

(Figure 16.13). It should be noted that this method is only approximate as the Cobb 

angle is usually calculated utilising x-rays taken of the spine.  

 
Figure 16.13- Cobb angles for the spine of BLG-442. Source: Unpublished archive held by the 

Department of Archaeology at the University of Sheffield, and modified by current author. © John 
Nolan. 

63º 

62º 
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Scoliosis of any angle between 50º-75º is considered severe (Ozonoff 2002), 

and can cause back pain and neurological deficits including bladder and rectal 

sphincter control issues (Aebi 2005; Smith et al. 2008). Studies have also found that 

the asymmetry of the spine and pelvis associated with scoliosis causes gait alterations 

(Giakas et al. 1996; Mahaudens et al. 2005), and that an increase in spinal deformity 

will cause an increase in gait pattern abnormality (Syczewska et al. 2012). From the 

level of scoliosis noted in BLG-442, it is likely that he would have walked in a visibly 

distinctive manner. 

Due to the severe wedging and abnormal angle of many vertebrae, the pelvis 

was also at an altered angle resulting in asymmetrical auricular surfaces. The irregular 

bone and oval cavitations immediately posterior to the auricular surfaces on both ossa 

coxae (Figure 16.14- Figure 16.15) are probably indicative of the increased use of the 

erector spinae and quadratus lumborum muscles, which had to work more than usual 

in order to stabilise the pelvis (Mahaudens et al. 2005).  

 
Figure 16.14- Abnormally shaped right auricular surface of BLG-442. Note the elongated oval 

cavitations posterior to the auricular surface. Produced with kind permission of the Department of 
Archaeology, University of Sheffield. 
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Figure 16.15- Irregular perforating cavitations immediately posterior to the left auricular surface of 

BLG-442. Produced with kind permission of the Department of Archaeology, University of Sheffield. 

  

Although both femora are slender and gracile, the linea aspera is still present 

in both, albeit not as pronounced as normal (Figure 16.16). These alterations suggest 

some level of disuse of the lower limbs. The increased FNA observed is probably due 

to muscle imbalance which results in the superolateral displacement of the femoral 

head (Resnick 2002h) (Figure 16.17). It is also possible that the abnormally long 

femoral necks of both femora are a result of the lack of gravitational force and weight-

bearing associated with normal ambulation. A gracile fragment of the right tibial 

diaphysis with no evidence of muscle attachments is present, further supporting limited 

or absence of normal locomotion (Figure 16.18). 

 
Figure 16.16- Lack of muscle attachments on the posterior aspect of the right proximal femur of BLG-

442. Produced with kind permission of the Department of Archaeology, University of Sheffield. 
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Figure 16.17- Superolateral displacement of the left femoral head and elongation of the left femoral 
neck of BLG-442. Produced with kind permission of the Department of Archaeology, University of 

Sheffield. 

 
Figure 16.18- Gracility of right tibial diaphysis of BLG-442. Produced with kind permission of the 

Department of Archaeology, University of Sheffield. 
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One of the fibulae is hypoplastic (Figure 16.19), but it is not possible to 

definitively side the two fibular shafts. However, because deformity of the ankle is 

associated with a hypoplastic fibula (Bohne and Root 1977; Achterman and Kalamachi 

1979), it is more likely that the hypoplastic fibula was associated with the right talus 

and calcaneus which exhibited more severe deformities than the left (see below). 

Aplasia or hypoplasia of the fibula is the most common osseous deficiency and 

its manifestations vary from complete absence of the entire bone to 

shortening/thinning of the bone, as observed in BLG-442 (Achterman and Kalamachi 

1979; Resnick 2002a). Fibular hypoplasia has been associated with valgus knee, 

absence of the lateral digits of the foot, deformity of the ankle (club feet, ball and socket 

ankle, equinovalgus, and equinovarus), and tarsal coalition (Bohne and Root 1977; 

Achterman and Kalamachi 1979).  

 
Figure 16.19- Hypoplasia of the right fibula of BLG-442. Produced with kind permission of the 

Department of Archaeology, University of Sheffield. 

 

There is obvious deformity of the right ankle joint: the sustentaculum tali of the 

right calcaneus is elongated and deformed, the angles of the anterior, middle, and 

posterior talar articular surfaces of the calcaneus are abnormally steep, the entire right 

talus is elongated and deformed with poor neck depression (Figure 16.20), there is an 

extra facet on the lateral side of the calcaneus, and the right talar head is displaced 

inferomedially (Figure 16.21). It is difficult to assess the deformity of the right ankle/foot 

as the remaining tarsals are not present, but it is clear that there was plantar and 

medial angulation of the talar head, which probably led to varus deformity of the 

forefoot that is consistent with clubfoot (Resnick 2002a).  
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Figure 16.20- Elongated right talus of BLG-442 with poor neck depression. Produced with kind 

permission of the Department of Archaeology, University of Sheffield. 

 
Figure 16.21- Abnormal articulation between the right talus and calcaneus of BLG-442. Note the talar 

head has been displaced inferomedially. Produced with kind permission of the Department of 
Archaeology, University of Sheffield. 
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Only a fragment of the left calcaneus is present, but when compared with the 

right, it appears as if the entire bone is larger with a more normally shaped 

sustentaculum tali (Figure 16.22). However, as with the right calcaneus, there is an 

accessory facet on the lateral side of the calcaneal body which suggests valgus of the 

calcaneus and inferior displacement of the fibula (Kernbach and Blitz 2008). 

Unfortunately, without the left talus or remaining foot bones, an analysis of the 

deformity of the left ankle is limited, but it is likely that there was some inversion of the 

left foot. It is therefore possible that deformity was present in both the right and left 

ankles, which was worse on the right side due to the hypoplastic fibula, a deficiency 

which is associated with ankle deformities (Resnick 2002a). With deformities of both 

ankle joints, it is likely that both feet were held at abnormal angles, which would have 

negatively affected BLG-�������¶�V���D�E�L�O�L�W�\���W�R���D�P�E�X�O�D�W�H���Q�R�U�P�D�O�O�\�� 

 
Figure 16.22- Comparison of the right and left calcanei of BLG-442. Produced with kind permission of 

the Department of Archaeology, University of Sheffield. 
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 In summary, BLG-442 had severe double-curve scoliosis, possible disuse or 

limited use of the upper and lower limbs, some form of clenched hand deformity, a 

hypoplastic left fibula, and deformity of both ankles and feet. Due to the fragmented 

and poor preservation of this individual, and due to the nature of palaeopathological 

research in general, a definite diagnosis for BLG-442 is difficult. However, there are a 

number of neuromuscular disorders that might explain the skeletal alterations 

observed in this individual (Section 22.7.1). It should be noted that although the long 

bones of BLG-442 appear gracile and slender there is no obvious shortening, 

suggesting that if a paralytic event occurred, it happened after long bone growth had 

ceased (Waldron 2009: 109).  

Poliomyelitis can cause atrophy of multiple limbs and can occur during 

childhood and adulthood (Weinstein et al. 1952; Ratliff 1959). Paralysis of both legs 

and arm occurs in 17.4% of individuals with poliomyelitis, but this distribution of 

paralysis is more common among patients between 16-30 years of age (26.8%). 

Because BLG-442 probably died before 30, the paralytic event would have taken place 

earlier enough that atrophy of the long bones manifested osteologically. If a paralytic 

event due to poliomyelitis occurred in the early adulthood of BG-442, this might 

account for the gracility and atrophy of the long bones in absence of any limb 

shortening (as linear growth had already ceased).  

Spinal scoliosis is the most common skeletal alteration associated with 

poliomyelitis (Colonna and Saal 1941), along with other frequent alterations including 

hip dysplasia, increased FNA due to an imbalance of muscle use and development in 

the hip area, and deformities of the foot (Resnick 2002h), all of which were observed 

in BLG-442. However, if poliomyelitis affected BLG-442 after childhood (as long bone 

length was not compromised), and he died before the age of 30, it is unlikely that such 

severe scoliosis could develop in this relatively short amount of time. In addition, the 

deformities observed in the right talus were developmental as such severe shape 

abnormality could not result from changes to an already formed adult talus. Thus, 

poliomyelitis is a possible, but less likely diagnosis for BLG-442. 

Most individuals with CP have involvement of multiple limbs (Minear 1956; 

Shevell et al. 2003), therefore making this a possible diagnosis for BLG-442. Although 

both femora have slight evidence of a linea aspera, the lack of muscle attachment on 

the right tibial shaft indicates that ambulation was probably limited. Neuromuscular 
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scoliosis is most frequently caused by CP (Ozonoff 2002), and is most commonly 

found in those with quadriplegic spasticity (Madigan and Wallace 1981). CP also 

commonly causes increased FNA (Cornell 1995), finger flexion deformities (Zancolli 

et al. 1983; Tonkin and Gschwind 1992), and ankle deformities (Fulford 1990; Sees 

and Miller 2013), all of which were observed in BLG-442. 

Some form of muscular dystrophy might also explain the alterations observed 

in BLG-442. The most common form, DMD, results in proximal muscle weakness that 

usually requires a wheelchair in modern patients by the age of 12 (Emery 2002). 

Scoliosis develops in 90-95% of individuals with DMD (Sussman 2002). However, as 

the lower limbs of BLG-442 did not show severe signs of atrophy as might be expected 

if this individual was unable to walk by adolescence, DMD is a less likely diagnosis. 

However, Becker muscular dystrophy affects similar muscles, but the age of onset is 

around 12, and some individuals can manifest initial symptoms even later in life 

(Emery 2002). This condition therefore remains a possible diagnosis for BLG-442 as 

the pattern of atrophy observed in the skeleton could potentially match with the clinical 

manifestations of Becker muscular dystrophy. Emery-Dreifuss muscular dystrophy 

causes weakness and muscle wasting in the proximal upper limbs and distal lower 

limbs (Emery 2002). While this distribution matches that observed in BLG-442 to an 

extent (atrophy of the humeri and tibiae), it is a much rarer condition and is therefore 

less likely (Emery 2002).  

Poliomyelitis (less likely), CP (more likely), and muscular dystrophy (more likely) 

remain possible diagnoses for BLG-442, and with all of these conditions, the physical 

impairments remain the same: limited used of the arms and legs (more severe in the 

arms), abnormal gait due to scoliosis and ankle/foot deformities, and restricted use of 

hands due to digit deformities. If BLG-442 was walking to some extent (linea aspera 

still present), he would have had an abnormal gait due to the severe scoliosis and foot 

deformities, and may have walked slowly because of muscle weakness in the legs. 

The severe scoliosis would be visually distinctive (crooked backed, abnormal posture, 

possible hunchback), as would the hand deformities. 

If BLG-442 had poliomyelitis, there are no associated cognition deficits, but if 

BLG-442 had CP, it is highly likely that he had an intellectual disability (Novak et al. 

2012), which may have meant that he could not look after himself (see Volume 2, 

Section 10.2.2.9). He may not have been able to talk, may have had issues with 
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bladder control, and it is possible that he was deaf and blind (Novak et al. 2012). If 

BLG-442 had DMD, it is also possible that he was impaired mentally (Nardes et al. 

2012). Although the non-skeletal impairments cannot be confirmed, it is possible that, 

along with severe physical impairments, BLG-442 experienced mental impairment and 

may not have been able to contribute to or interact/communicate with the surrounding 

community in a normative manner.  

 

16.2.2 Black Gate 587 

 BLG-587 was a middle adult female (although the current author recorded BLG-

587 as an older adult female). The descriptions of the pathological alterations 

observed in BLG-587 are provided in Table 16.2. The measurements for the long 

bones of BLG-587 are provided in Table 16.3. 

 

Table 16.2- Descriptions of the pathological alterations observed in BLG-587. 

Bone Description 

R/L radii 

- Shorter than average 
- Lateral bowing of the distal halves�Æ medial angulation of the distal 

articular surfaces 
- Ulnar notches have lost smooth, articular surface �Æ instead there is an 

ovular indentation which is much more pronounced on the R (Figure 
16.23) 

- Distal articular surfaces are divided into two separate articular surfaces: a 
medial one for the distal ulna, and a lateral one for the scaphoid (Figure 
16.23) 

- Lateral articular surface on the R radius shows evidence of eburnation 

R/L ulnae 
- Shorter than average 
- Distal ends deformed with a flattening of the styloid process and a loss of 

the convexity of the ulnar head (Figure 16.24) 
R scaphoid - Eburnation on facet that articulates with radius 

R/L tibiae 
- Morphologically normal 
- Shorter than normal in comparison with the femora (Figure 16.25 and 

Figure 16.26) 
 

 

 

Table 16.3- Measurements for BLG-587. 

Bone Measurement R (mm) L (mm) 
Scapula Glenoid cavity width 26 26 
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Humerus 

Maximum length 298 293 
Epicondylar breadth 45 44 
Vertical head diameter 56 55 
Maximum diameter at midshaft 21 21 

Radius Maximum length 185 177 
Ulna Maximum length 213 206 

Femur 

Maximum length 405 403 
Bicondylar length 399 399 
Maximum head diameter 42 43 
Subtrochanteric anterior-posterior diameter 26 26 
Subtrochanteric medial-lateral diameter 33 33 
Midshaft anterior-posterior diameter 27 27 
Midshaft medial-lateral diameter 28 28 
Epicondylar breadth - 73 

Tibia 

Maximum length 309 306 
Maximum proximal epiphyseal breadth - - 
Anterior-posterior diameter at nutrient foramen 35 33 
Medial-lateral diameter at nutrient foramen 21 21 

 

 
Figure 16.23- Two facets on the distal end of the right radius of BLG-587. Note the oval indentation 
where the ulnar notch should be. Produced with kind permission of the Department of Archaeology, 

University of Sheffield. 
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Figure 16.24- Flattening of the left ulnar head of BLG-587. Produced with kind permission of the 

Department of Archaeology, University of Sheffield. 

 
Figure 16.25- Femora of BLG-587. Produced with kind permission of the Department of Archaeology, 

University of Sheffield. 

 
Figure 16.26- Short tibiae of BLG-587. Produced with kind permission of the Department of 

Archaeology, University of Sheffield. 
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Differential diagnoses for the alterations observed in the forearms of BLG-587 

�L�Q�F�O�X�G�H���W�U�D�X�P�D���D�Q�G���0�D�G�H�O�X�Q�J�¶�V���G�H�I�R�U�P�L�W�\�����7�U�D�X�P�D���W�R���W�K�H���G�L�V�W�D�O���H�Q�G���R�I���W�K�H���U�D�G�L�X�V���F�D�Q��

�F�D�X�V�H���Y�D�U�L�R�X�V���W�\�S�H�V���R�I���G�L�V�S�O�D�F�H�P�H�Q�W�����G�R�U�V�D�O���G�L�V�S�O�D�F�H�P�H�Q�W���R�I���W�K�H���G�L�V�W�D�O���H�Q�G���L�Q���&�R�O�O�H�V�¶��

fractures �D�Q�G�� �S�D�O�P�D�U�� �G�L�V�S�O�D�F�H�P�H�Q�W�� �R�I�� �W�K�H�� �G�L�V�W�D�O�� �H�Q�G�� �L�Q�� �6�P�L�W�K�¶�V�� �I�U�D�F�W�X�U�H�V����(Resnick 

2002n). However, there is no obvious line of fracture, callus formation, or disruption of 

the radial shaft making this diagnosis unlikely for BLG-587. 

 �0�D�G�H�O�X�Q�J�¶�V���G�H�I�R�U�P�L�W�\���L�V���F�D�X�V�H�G���E�\���S�U�H�P�D�W�X�U�H���I�X�V�L�R�Q���R�I���W�K�H���P�H�G�L�D�O���D�V�S�H�F�W���R�I���W�K�H��

distal radial epiphysis, which causes lateral bowing and shortening of the entire bone 

(Resnick 2002a). This condition is three to five times more frequent in females, and 

although it is more commonly bilateral, unilateral cases exist as well (Resnick 2002a). 

Symptoms usually manifest in adolescence and include pain (cramping, stabbing), 

tenderness, fatigue, restricted movement (particularly dorsal extension, ulnar 

deviation, and supination), and difficulty with lifting, gripping, and rotational activities 

(Fagg 1988; Schmidt-Rohlfing et al. 2001; Resnick 2002a). 

 �7�K�H�U�H���D�S�S�H�D�U�V���W�R���E�H���D�Q���D�V�V�R�F�L�D�W�L�R�Q���E�H�W�Z�H�H�Q���0�D�G�H�O�X�Q�J�¶�V���G�H�I�R�U�P�Lty and Léri-

Weill dyschondrosteosis, which is a type of dwarfism that results in abnormally short 

distal parts of the limbs in comparison to the proximal parts (Resnick 2002a). BLG-

�������¶�V�� �V�W�D�W�X�U�H�� �Z�D�V�� �F�D�O�F�X�O�D�W�H�G�� �I�R�O�O�R�Z�L�Q�J�� �V�H�Y�H�U�D�O�� �V�W�D�Q�G�D�U�G�� �P�H�W�K�R�G�V�� ��Table 16.4). 

Cummings and Rega (2008) also analysed this individual and utilised the method 

proposed by Fully (1956), which takes into account the height of the cranium, 

vertebrae, leg bones, and calcaneus. Cummings and Rega (2008) found that the 

stature of BLG-587 �Z�D�V���������F�P�������¶�����´��, 11cm shorter than the site average for females 

���������F�P�������¶���´�������7�K�H���U�D�G�L�X�V���W�R���K�X�P�H�U�X�V���D�Q�G���W�L�E�L�D���W�R���I�H�P�X�U���U�D�W�L�Rs were also calculated for 

the right and left sides and were found to be below normal (Table 16.5). Thus, BLG-

587 probably had Léri-Weill dyschondrosteosis and would have been noticeably 

shorter than average. 

 

Table 16.4- Stature estimations for BLG-587. 

Method Bone Estimated height (cm) Estimated height (feet/inches) 
Trotter (1970) Humerus 158 ± 4.45 ���¶���´���“�������L�Q�F�K�H�V 
Trotter (1970) Femur 154 ± 3.72 ���¶���´���“�������L�Q�F�K 
Trotter (1970) Tibia 151 ± 3.66 ���¶�����´���“�������L�Q�F�K 
Trotter (1970) Femur + tibia 152 ± 3.55 ���¶���´���“�������L�Q�F�K 
Jantz (1992) Tibia 149 ± 3.66 ���¶�����´���“�������L�Q�F�K 
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Table 16.5- Normal radius to humerus and tibia to femur ratios compared to those of BLG-
587. Source: Langer (1965). 

Ratio BLG-442 Normal 
R radius/humerus 62% 

74-76% 
L radius/humerus  60% 
R tibia/femur 76% 

83-85% 
L tibia/femur 76% 

 

While shortness cannot be considered a physical impairment, it is likely that 

BLG-587 was distinguishable from the rest of the population by her stature. The 

bilateral bowing of the radii would probably have led to abnormally angled wrists 

(which may have been visually distinctive), pain, and restricted movement of the 

forearms (pronation, supination, and extension) (Zebala et al. 2007). If hand and 

forearm use was compromised, BLG-587 may have been limited in terms of social and 

economic participation.  
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17  Elstow Abbey 

17.1 Qualitative comparison of palaeopathological analysis 
There were several non-physically impairing alterations noted by the current 

author in the random sample of 30 individuals which were recorded by previous 

researchers, particularly Anne Stirland who was very detailed in her 

palaeopathological descriptions (e.g. bilateral cribra orbitalia in EA-1, rib fracture in 

EA-13, spondylolisthesis in EA-151, a balloon osteoma in EA-214,). Stirland did not 

record some of the non-physically impairing alterations observed by the current author 

(e.g. plaque of new bone on the right femur in EA-13, PNB formation on a long bone 

shaft in EA-198, fusion of the left sacroiliac joint in EA-279). However, Stirland 

generally included much more detailed palaeopathological analyses than the current 

author, and her overall analysis is considered comprehensive enough for inclusion in 

this project.  

The palaeopathological descriptions of the individuals analysed by Grant and 

colleagues were much more variable. Grant and colleagues made note of some 

alterations (e.g. three traumatic lesions on the skull in EA-139, bilateral osteoarthritis 

of the hips and the fusion of two thoracic vertebrae in EA-39), but omitted others (e.g. 

bony growth in the right glenoid cavity in EA-3, fracture of the right ulna in EA-53). The 

palaeopathological analysis performed by Grant and colleagues was therefore not as 

comprehensive as that of Stirland.  

Although the current author reviewed all recording forms to identify possible 

cases of physical impairment, it remains a possibility that there were individuals that 

did have alterations consistent with physical impairment that were not recorded by 

Grant and colleagues. As well, it is also possible that there were physically impairing 

alterations in the 83 individuals who were not analysed by previous researchers or by 

the current author. Thus, the level of previous palaeopathological analysis was 

comprehensive for some individuals, but not for others. It should therefore be kept in 

mind that the following analysis of physical impairment at Elstow Abbey is hindered by 

the variability and lack of palaeopathological recording, and it is possible that further 

examples of physical impairment existed in this population that were not identified by 

the current author.    
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17.2 Detailed differential diagnoses 

17.2.1 Elstow Abbey 17 

 EA-17 was a middle adult female. The pathological alterations observed in EA-

17 are provided in Table 17.1. 

 

Table 17.1- Descriptions of the pathological alterations observed in EA-17. 

Bone Description 

L tibia 

- Proximal end is severely deformed�Æ there is an increased diameter of the 
shaft (largest diameter anterior-posterior: 55mm, largest diameter medial-
lateral: 48mm)  

- The anterior-posterior and the medial-lateral diameters of the L tibia are 10mm 
and 14 mm larger than the R respectively 

- Several cloacae on the anterior, posterior, medial, and lateral aspects (see 
Table 17.2, Figure 17.1-Figure 17.5) 

- Damaged bony spur on proximal surface which is 5mm in height (away from 
the tibial shaft) (Figure 17.3) 

- Inferior to the large area of swelling in the proximal shaft�Æ tibial shaft is 
normal width 

- Complete medullary occlusion of tibial shaft 
- Proximal joint surface unaffected 

L femur - Small amount of smooth PNB formation on the popliteal surface  
- No differences in the shape or size of the R and L femora 

L fibula 
- Smooth, striated PNB formation on the proximal end extending into more 

porous new bone on the midshaft 
- No obvious size differences between the R and L fibulae 

L talus 
- Neck is slightly more slender than the R, but as there was damage to the area 

it is impossible to determine if there is a considerable size difference between 
the R and L tali 

 

 

 

 

 

 

 

 

 

Table 17.2- Description and measurements of the cloacae on the proximal left tibia of EA-17.  
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Surface No. Dimensions 
(mm) Description 

 
 
 
 
 
 
 
 
 

Anterior/lateral 
(Figure 17.1) 

 
 
 
 
 
 
 
 
 
 
 
 

1 27 x 15 

1. Oval in shape 
2. Rounded edges 
3. Evidence of porosity in the rounded margins 
4. On the inferior aspect of the cloaca the rounded 

margins have created a ridge which is raised up 
above the rest of the tibial shaft (Figure 17.2) 

2 10 x 9 
1. Irregular in shape 
2. Rounded edges 
3. Evidence of porosity in surrounding bone 

3 4 x 5 
1. Circular in shape 
2. Rounded edges 
3. Evidence of porosity in surrounding bone 

4 11 x 10 

1. Almost rectangular in shape 
2. Very thick, rounded edges 
3. Evidence of porosity in surrounding bone 
4. Medial to this cloaca there is smooth/compact 

PNB growth with some porosity that wraps 
around the tibial shaft just inferior to the tibial 
tuberosity 

5 13 x 7 

1. Oval in shape 
2. Rounded edges 
3. Only small amount of porosity in surrounding 

area 

6 7 x 6 1. Circular in shape 
2. Rounded edges 

Lateral 
(Figure 17.3) 

7 26 x 9 
1. Irregular, but somewhat oval in shape 
2. Rounded edges 
3. Porosity in the surrounding bone 

Posterior 
(Figure 17.4) 

8 6 x 3 

1. Oval in shape 
2. Rounded edges 
3. The hole immediately inferior to this, and the 

one superomedial to this do not perforate the 
medullary cavity 

Medial 
(Figure 17.5) 

 

9 6 x 4 
1. Oval in shape 
2. Rounded edges 
3. Some porosity in surrounding bone 

10 6 x 3 
1. Oval in shape 
2. Rounded edges 
3. Some porosity in surrounding bone 

11 5 x 2 1. Oval in shape 
2. Rounded edges 

NB: the numbers in this table refer to the numbers in red in Figure 17.1-Figure 17.5. 
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Figure 17.1- Six cloacae on the anterior/lateral aspects of the left tibia of EA-17. Produced with kind 

permission of The Higgins Art Gallery & Museum, Bedford. 

 
Figure 17.2- Proximal end of the left tibia of EA-17 (lateral view). Note the ridge of rounded bone 

surrounding the large cloaca (red arrows). Produced with kind permission of The Higgins Art Gallery & 
Museum, Bedford. 

 
Figure 17.3- Large cloaca on the lateral aspect of the left tibia of EA-17. Note the bony spur on the 
posterior aspect. Produced with kind permission of The Higgins Art Gallery & Museum, Bedford. 
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Figure 17.4- Smaller cloaca on the posterior aspect of the left tibia of EA-17. Produced with kind 

permission of The Higgins Art Gallery & Museum, Bedford. 

 
Figure 17.5- Three smaller cloacae on the medial aspect of the left tibia of EA-17. Produced with kind 

permission of The Higgins Art Gallery & Museum, Bedford. 

 

 The pathological alterations observed in the proximal left tibia of EA-17 are 

consistent with osteomyelitis (Section 22.1). The best evidence of osteomyelitis in 

palaeopathological specimens is the identification of a sinus tract (cloaca) or 

sequestration and periosteal bone formation (involucrum) (Ortner 2003: 199), as 

observed in EA-17. The clinical symptoms of osteomyelitis are discussed in more 

detail in Section 22.1, but EA-17 would probably have experienced chronic pain, 

continuously draining sinus tracts, malaise, and fever (Hatzenbuehler and Pulling 

2011), all of which probably affected full use of the right leg. This may have resulted 

in a limp, which would have been visually distinctive to the surrounding community, 

and probably restricted EA-17 in terms of normal economic and social participation. 
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17.2.2 Elstow Abbey 25 

 EA-25 was a middle adult male. The pathological alterations observed in EA-

25 are provided in Table 17.3. 

 

Table 17.3- Descriptions of the pathological alterations observed in EA-25. 

Bone Description 
R/L 

scapulae 
- Similar in size and shape 
- Both have OA of the acromioclavicular joint 

L humerus 

- Oval area of indentation (27mm x 25mm) immediately proximal to the 
capitulum with evidence of macroporosity and eburnation (Figure 17.6) 

- Small circular indentation with slightly raised edges on the anterior aspect 
of the capitulum with evidence of eburnation 

L ulna 

- When proximal end is in anatomical position, the proximal half of the bone 
is angled posteriorly and medially (Figure 17.7) 

- Area of swelling on the proximal 1/3 of the ulnar shaft 
- Taphonomic damage to the area of the radial notch, but it is clear that the 

notch is severely deformed and possibly no longer present (Figure 17.8) 
- Eburnation and contour change of the distal joint  
- Bony abnormality on the anterior surface which consists of a raised, 

relatively flat, oval area of irregular bone formation (31mm x 16mm) 
(Figure 17.9) 

L radius 

- There is a bony abnormality on the medial aspect which corresponds to 
the bony abnormality on the L ulna�Æ consists of an irregularly shaped, 
raised area of irregular bone formation (31mm x 12mm) (Figure 17.10) 

- Fragment of the radial head present�Æ completely convex, and the entire 
articular surface is covered in eburnation and macroporosity (Figure 
17.11) 

- This fragment articulates with the large indentation proximal to the 
capitulum on the humerus 

R/L 
metacarpals 

- No apparent difference in the size or shapes of the R/L metacarpals 
- Possible avulsion fracture of the styloid process of the left MC3 

 

The two raised abnormal bony projections on the left radius and ulna match up 

with one another, and potentially represent the early stages of bony ankylosis. 

Although it was impossible to find the exact articulation between the bony ridges, it is 

clear that the radius was not in the correct anatomical position. When the two bones 

are articulated, the radial tuberosity is located at the level of the deformed radial notch 

of the ulna, indicating that the radial head had to articulate with the humerus in a more 

proximal location.  
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Figure 17.6- Oval indentation with evidence of eburnation and macroporosity proximal to the 

capitulum of the left humerus of EA-25. Produced with kind permission of The Higgins Art Gallery & 
Museum, Bedford. 

 
Figure 17.7- Posterior displacement of the proximal shaft of the left ulna of EA-25. Note the area of 

swelling on the proximal shaft. Produced with kind permission of The Higgins Art Gallery & Museum, 
Bedford. 
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Figure 17.8- Deformation and probable lack of a radial notch on the left ulna of EA-25. Produced with 

kind permission of The Higgins Art Gallery & Museum, Bedford. 

 
Figure 17.9- Bony abnormality on the anterior shaft of the left ulna of EA-25 consisting of a raised, 
relatively flat area of irregular bone formation. Produced with kind permission of The Higgins Art 

Gallery & Museum, Bedford. 
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Figure 17.10- Bony abnormality on the medial shaft of the left radius of EA-25 consisting of a raised 

area of irregular bone formation. Produced with kind permission of The Higgins Art Gallery & 
Museum, Bedford. 

 
Figure 17.11- Convex left radial head of EA-25 with evidence of macroporosity and eburnation. 

Produced with kind permission of The Higgins Art Gallery & Museum, Bedford. 
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 Anterior dislocation of the radius is rare (Resnick 2002n) and can be associated 

with paralysis of the radial nerve (Cohn 1942). The anterior dislocation of the radius in 

conjunction with an ulnar fracture, as observed in EA-25, is called a Monteggia 

fracture-dislocation (Resnick 2002n). The anterior dislocation of the radial head 

prevents reduction of the ulnar fracture meaning this traumatic injury is not usually 

corrected without surgery (Cohn 1942). If the radial head dislocation is not reduced, 

chronic dislocation of the radius occurs (as observed in EA-25), which results in pain 

and restricted supination and pronation  

 In the case of EA-25, it appears that when the arm was extended, the radial 

head articulated with the anterior portion of the capitulum (rather than the inferior), and 

when the arm was flexed, the radial head articulated with the pseudarthrosis proximal 

to the capitulum. This probably limited the range of motion of the elbow joint which 

would in turn restrict full use of the arm. 

 In addition, the bony abnormalities on the anterior shaft of the ulna and medial 

shaft of the radius are probably indicative of the ankylosis process. This suggests that 

pronation and supination of the forearm would have been limited, if not impossible, 

with the forearm fixed in partial pronation. Thus, along with an abnormal range of 

motion with regards to flexion and extension of the elbow, it is also likely that the range 

of motion with regards to pronation and supination of the forearm was altered.  

In summary, a fracture of the left elbow probably caused chronic anterior 

dislocation of the left radius (with the formation of a pseudarthrosis), which would have 

resulted in a limited range of motion of the left elbow joint and forearm. This would 

certainly have limited the full use of the left arm and probably would have restricted 

EA-25 in terms of economic and social participation. It is also likely that, as the forearm 

was fixed in partial pronation, some upper limb movements made by EA-25 would 

have been visually distinctive.  

 

17.2.3 Elstow Abbey 37 

EA-37 was a middle adult male. The pathological alterations observed in EA-

37 are provided in Table 17.4. When L1-L5 are articulated, it is clear that the lumbar 

section of the spine is kyphotic rather than lordotic 

Table 17.4- Descriptions of the pathological alterations observed in EA-37. 
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Bone Description 

L2 

- Anterior wedging of the body (Figure 17.12) 
- Some lipping on the R and L sides of the anterior aspect of the superior 

border, with no lipping in the centre of the anterior aspect of the superior 
border (Figure 17.13)�Æ gives the anterior aspect of the superior border a 
crescentic shape with relatively rounded edges 

- Just inferior to this lipping there is an indentation which may have perforated 
into the vertebral body, but this was not confirmed (Figure 17.14)  

- Irregular, scalloped lipping on the anterior aspect of the inferior border of L2 
and irregular new bone formation on the anterior aspect of the body 

- Endplates appear unaffected 

L3 
- Irregular, scalloped lipping on the anterior aspect of the superior border 
- No lipping on the inferior border 
- No wedging of the body 

R/L 
tibiae 

- Diffuse PNB growth across the shafts 
- Smooth, striated new bone on the medial aspects of the shafts (Figure 

17.15) and more porous plaques on the lateral aspects and distal ends of 
the shafts (Figure 17.16) 

R/L 
fibula 

- Diffuse PNB growth on the L fibular shaft with smooth striated bone towards 
the proximal end, and more porous and irregular bone growth towards the 
distal end 

- Diffuse PNB growth on the R fibular shaft�Æ most is smooth and striated, and 
the distal end is not as affected as in the L fibula  

R/L 
calcanei 

- Plaque of porous new bone inferior to the sustentaculum tali 
- Bony outgrowth on the lateral side of the body of the R calcaneus that forms 

a curved exostosis (Figure 17.17) 

L foot - There is slight PNB growth on the plantar surface of the distal end of the L 
MT1 and MT5  

 

 
Figure 17.12- Anterior wedging of L2 of EA-37. Produced with kind permission of The Higgins Art 

Gallery & Museum, Bedford. 
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Figure 17.13- Crescentic lipping on the superior border of L2 of EA-37. Produced with kind permission 

of The Higgins Art Gallery & Museum, Bedford. 

 
Figure 17.14- Anterior collapse of L2 of EA-37. Note the scalloped edges of the inferior border of L2 

and the superior border of L3, and possible perforation on the superior border of L2 (red arrow). 
Produced with kind permission of The Higgins Art Gallery & Museum, Bedford. 
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Differential diagnoses for the alterations observed in the vertebrae of EA-37 

include TB (Section 22.4.1), vertebral osteomyelitis (Section 22.1.1), and trauma with 

subsequent infection. Although there was anterior collapse and kyphosis of L2 

consistent with TB (Resnick 2002l), there was also irregular bone growth on both L2 

and L3 with considerable scalloped osteophytic lipping on the superior border of L3, 

which is less consistent with TB (Waldron 2009: 93). Without more diagnostic criteria 

(ankylosis and considerable kyphosis), TB remains only a possible diagnosis for EA-

37. If EA-37 did have TB, it is likely that they experienced the general clinical 

symptoms (fever, malaise, weight loss), which can affect an individual regardless of 

the involved organ/tissue (Hopewell 1994). Because the vertebral collapse and 

subsequent kyphosis were not severe, it not as likely that the spinal cord was 

compromised.  

Loss of intervertebral height and new bone formation (which would have 

eventually resulted in bony bridging) are both consistent with vertebral osteomyelitis, 

however, there was no ankylosis or destruction of the endplates (Lehovsky 1999; 

Resnick 2002j; Waldron 2009: 88). There was a rounded cavitation that may have 

perforated the vertebral body, but it was impossible to confirm without a radiograph. If 

this cavitation did perforate into the vertebral body, it could be characterised as a 

cloaca, which is indicative of osteomyelitis. 

It is also possible that there was a traumatic injury to L2 which caused a 

compression fracture of the vertebral body and subsequent infection resulting in the 

irregular new bone on the sides of the vertebral body and the scalloped marginal 

lipping on L3 in an attempt to stabilise the fracture.  

Infection of the spine (both osteomyelitis and non-specific) probably resulted in 

tenderness and pain in the area of infection, and possibly limitation of movement. In 

addition, kyphosis of the lumbar spine restricts the individual from the natural forward 

facing gaze (Roussouly and Nnadi 2010). In an attempt to remedy this, the individual 

usually alters the angle of the pelvis, which is biologically inefficient and causes them 

to tire easily (Roussouly and Nnadi 2010). 90% of 105 patients with LDK reported 

significant prolonged lower back pain, usually around the apex of the kyphosis, and in 

many cases found it difficult to perform normal daily tasks (Takemitsu et al. 1988). EA-

37 would have been visually distinctive with a hunched-over appearance, and social 

interactions were probably disrupted due to EA-�����¶�V inability to gaze forward. The 
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probable tenderness, pain, and limitation of movement associated with an infection of 

the spine, along with the pain and fatigue associated with the resultant kyphotic lumbar 

spine would probably have restricted normal participation in social and economic 

activities.  

PNB in the post-cranial skeleton can be caused by a number of conditions 

which are discussed in more detail in Section 22.8. There are no cloacae, gummatous 

lesions, PNB on the metacarpals, radii, scapulae, or claviculae, or obvious evidence 

of trauma, which can exclude osteomyelitis, treponemal disease, HOA, and trauma 

respectively. Bilateral tibial and fibular PNB formation is very common in 

archaeological cases of leprosy (Møller-Christensen 1961; Lewis et al. 1995), however 

no pathognomonic rhinomaxillary changes are evident, and the hand and foot bones 

that are present are normal. A non-specific inflammation of the periosteum leading to 

PNB deposition is the most likely diagnosis, and, as it appears the diffuse inflammation 

of the lower legs was active, it is possible that this would have resulted in swelling, 

redness, heat, and pain (Golding 1985; Amft et al. 2008), which may have affected 

locomotion and restricted normal participation in daily activities. 

 
Figure 17.15- Diffuse, smooth, striated new bone formation on the medial aspect of the right tibial 

shaft of EA-37. Produced with kind permission of The Higgins Art Gallery & Museum, Bedford. 



 

231 
 

 
Figure 17.16- Plaque of porous bone on the lateral distal end of the left tibia of EA-37. Produced with 

kind permission of The Higgins Art Gallery & Museum, Bedford. 

 
Figure 17.17- Hooked bony exostosis on the lateral aspect of the right calcaneus of EA-37. Produced 

with kind permission of The Higgins Art Gallery & Museum, Bedford. 

 

17.2.4 Elstow Abbey 52 

 EA-52 was a middle adult male. There was diffuse PNB growth across the long 

bones and ribs of EA-52 (Table 17.5). 
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Table 17.5- Descriptions of PNB growth in EA-52. 

Bone Description 

R humerus 

- Slight PNB formation on posterior aspect of distal shaft resulting in a 
lumpy appearance 

- Slightly more porous PNB on anterior surface of distal shaft (Figure 
17.18) 

L humerus - Possibly some well-integrated PNB on shaft 

R radius - Plaques of porous PNB (turning smooth) on posterior midshaft 
- Irregular, smooth PNB on anterior aspect of proximal shaft 

L radius 
- Porous, plaque-like PNB on distal end mostly on posterior, medial, and 

lateral aspects 
- Probable swelling of distal end of radius but there is a post-mortem break 

R ulna - Slight smooth, striated PNB on anterior aspect of shaft which is more 
porous towards distal end 

L ulna 
- Smooth, striated PNB on anterior aspect of shaft 
- Area of woven bone on posterior aspect of midshaft 
- Diffuse porous PNB at distal end (Figure 17.19) 

R hand 

- Plaque of porous PNB on lateral surface of MC2 
- Small amount of porous PNB on palmar surface of MC5 
- Possible well-integrated smooth PNB on palmar surfaces of the other 

MCs and phalanges 

R/L ribs 
- Ribs have smooth but pitted visceral PNB deposition�Æ more obvious 

towards the head-end of the rib (Figure 17.20) 
- Several heads are deformed in shape (Figure 17.21) 

R/L femur 

- Slight swelling of the proximal half of the shaft due to very well-integrated 
compact PNB (Figure 17.22) 

- Some areas are more striated (lateral shaft) and some areas are more 
lumpy (medial shaft) 

- Swelling is not as obvious in the L as in the R 

R tibia 
- Diffuse, mild PNB across shaft�Æ striated towards proximal end and 

porous towards distal end causing slight swelling 
- Most obvious on lateral/posterior aspect of the distal end 
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Figure 17.18- Somewhat porous PNB on the anterior surface of the right humerus of EA-52. Produced 

with kind permission of The Higgins Art Gallery & Museum, Bedford. 

 
Figure 17.19- Porous PNB on the distal end of the left ulna of EA-52. Produced with kind permission 

of The Higgins Art Gallery & Museum, Bedford. 

 
Figure 17.20- Porous PNB on the visceral surface of a rib fragment of EA-52 Produced with kind 

permission of The Higgins Art Gallery & Museum, Bedford. 
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Figure 17.21- Deformation in the shape of the neck and head of a rib of EA-52. Produced with kind 

permission of The Higgins Art Gallery & Museum, Bedford. 

 

Figure 17.22- Well-integrated PNB on the right femur of EA-52. Produced with kind permission of The 
Higgins Art Gallery & Museum, Bedford 

There are severe pathological alterations in the spine, which are described in 

more detail in Table 17.6. When T1-L1 are articulated, it is clear that there is severe 

kyphosis in the thoraco-lumbar junction as well as in the upper thoracic region. 

 

Table 17.6- Descriptions of the pathological alterations observed in the spine of EA-52. 

Vertebra/e Description 
C1, C2 - Mostly unaffected except for some well-integrated PNB on neural arch 
C3, C4 - Unaffected 

C5 - Some irregular compact PNB directly inferior to the SZJs 

C6-C7 

- Ankylosed through the bodies and possibly through the zygapophyseal joints 
(there is dirt in the way) (Figure 17.23) 

- Wedging of both bodies which is more severe on the R side 
- Lytic destruction of the anterior body of C7 leaving an irregularly-shaped 

area of destruction 

T1-T7 

- Fusion of T1-T7, but broken post-mortem inferior to T4 (Figure 17.24) 
- Wedging is most severe in the bodies of T3 and T4 
- With the superior surface of T1 facing superiorly, the inferior surface of T4 is 

almost at a 90° angle (Figure 17.25) 
- Appears as if the body of T3 is essentially non-existent, and the anterior 

portion of T4 now articulates with the inferior portion of T2 
T8-T9 - Appear unaffected with no wedging, lytic destruction, or fusion 
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T10-T11 
- Fusion of T10 and T11 
- Severe compression of T11 and lytic destruction of inferior surface 
- No wedging of T10 

T12 
- Severe compression and lytic destruction of body�Æ the body is almost non-

existent in the R anterior portion (Figure 17.26) 
L1 - Some compression and lytic destruction of superior surface of body 

L2 - Possibly some wedging, but difficult to tell due to post-mortem damage 
- Irregular compact bone on both sides of body 

L3 - No wedging 
- Slight irregular compact bone on both sides of body 

L4 - Unaffected 
 

 
Figure 17.23- Ankylosis of C6 and C7 of EA-52 with wedging more apparent on right side of body. 

Note the area of lytic destruction on the anterior aspect of C7. Produced with kind permission of The 
Higgins Art Gallery & Museum, Bedford. 
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Figure 17.24- Ankylosis and kyphosis of T1-T7 of EA-52. Note how the inferior aspect of T2 appears 
to articulate with the anterior aspect of T4. Produced with kind permission of The Higgins Art Gallery 

& Museum, Bedford. 
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Figure 17.25- Ankylosis of T1-T4 of EA-52. Note the almost 90° angle between the superior surface of 

T1 and the inferior surface of T4. Produced with kind permission of The Higgins Art Gallery & 
Museum, Bedford. 

 
Figure 17.26- Severe wedging and destruction of T12 of EA-52. Produced with kind permission of The 

Higgins Art Gallery & Museum, Bedford. 



 

238 
 

Differential diagnoses for the spinal changes observed in EA-69 include 

osteomyelitis, brucellosis, and TB, the latter of which is the most likely diagnosis 

(Section 22.4.1). TB of the spine results in the destruction and collapse of vertebral 

bodies, and ankylosis and kyphosis of adjacent vertebrae in order to stabilise the 

compromised spine (Resnick 2002l; Holloway et al. 2011), all of which are 

demonstrated in EA-52. 

Lytic lesions and PNB deposition on the visceral surfaces of the ribs are 

associated with TB. These pathological alterations occur as a result of the initial 

tuberculous focus in the lungs spreading through the lung tissue and into the pleura 

(Roberts et al. 1998). The smooth but pitted bone deposition on the visceral surfaces 

of the right and left ribs of EA-52 therefore suggests that, along with spinal TB, this 

individual also had pulmonary TB.  

PNB in the post-cranial skeleton can be caused by a number of conditions 

which are discussed in more detail in Section 22.8. HOA is characterised by 

symmetrical, bilateral PNB formation on the distal tubular bones (particularly the tibiae 

and fibulae) including the metacarpals and phalanges (Fennell and Trinkaus 1997: 

354; Ortner 2003), the skull, claviculae, scapulae, calcanei (Mays and Taylor 2002), 

and, less frequently, the pelvis and ribs (Ali et al. 1980). Although the left tibia and right 

and left fibulae were absent, the bilateral PNB on the radii, ulnae, and femora, and 

possible PNB in the right hand are consistent with PNB distribution observed in HOA.  

Palaeopathological and clinical studies report cases of HOA as a result of TB 

(Webb and Thomas 1986; Kelly et al. 1991; Mays and Taylor 2002; Masson et al. 

2013), and an association between TB and HOA is suggested (Assis et al. 2011). 

Because it is clear that EA-52 had TB, HOA remains the most likely diagnosis for the 

PNB deposition in the tubular long bones, as there is an association between 

pulmonary TB and HOA. 

Therefore, EA-52 had spinal TB, pulmonary TB, and consequent HOA. Further 

clinical symptoms of TB and HOA are discussed in more detail in Sections 22.4 and 

22.9. The two severe angulations present (one involving T1-T4 and another involving 

T10-L1) would have resulted in two noticeable, visually distinctive gibbus deformities 

in the middle and lower back. It is likely that EA-52 experienced the impairments 

caused by severe alteration to the spinal column including paraparesis or paraplegia 
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of the lower limbs, loss of urinary/faecal control, pain, sensory impairment, and an 

abnormal gait (Turgut 2001; Resnick 2002l; Roberts and Buikstra 2003: 95).  

In addition, EA-52 would also have experienced the symptoms associated with 

pulmonary TB. It is likely that fatigue and fever would have limited participation in daily 

activities, and a persistent cough would have drawn the attention of the surrounding 

community. It is also likely that this individual experienced deep aching or burning pain 

and heat and swelling of the areas affected by PNB deposition (the arms, the upper 

legs, and probably the lower legs) (Nahar et al. 2007). 

In summary, along with a very obvious physical deformity of the spine, EA-52 

probably experienced abnormal locomotion, pain, sensory impairment, loss of 

urinary/faecal control, fatigue, and a persistent cough, all of which would have 

negatively impacted and limited EA-�����¶�V���D�E�L�O�L�W�\���W�R���S�D�U�W�L�F�L�S�D�W�H���Q�R�U�P�D�O�O�\���L�Q���H�F�R�Q�R�P�L�F���D�Q�G��

social interactions.  

 

17.2.5 Elstow Abbey 310 

 EA-310 was an older adult male. The pathological alterations observed in EA-

310 are provided in Table 17.7. 

 

Table 17.7- Descriptions of the pathological alterations observed in EA-310. 

Bone Description 

Sternum - There is evidence of cartilage fusion in the most inferior costal facet on both 
the right and left sides of the sternal body 

L1-L5 

- L1-L5 are fused together through zygapophyseal joints and spinous 
processes (Figure 17.27) 

- L1-L2 and L2-L3 are fused via smooth osteophytes on R side and probably 
also on anterior and L aspects (there is taphonomic damage) 

- Gap between the bodies of L2 and L3 
- L4 and L5 are fused together via smooth osteophytes on anterior and L 

sides�Æ appears as if osteophytes had not fused completely on R side of 
the bodies (there is taphonomic damage) 

- Large gap (7mm) between the bodies of L3 and L4 although the two bones 
are fused through the zygapophyseal joints 
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Bone ���F�R�Q�W�¶�G�� Description 

?T vertebrae 

- At least five more probable thoracic vertebral bodies are fused together 
through smooth osteophytic growth (and not through the actual vertebral 
bodies) 

- Bodies are no longer present, leaving only the smooth osteophytic 
growth which fused them together (Figure 17.28 and Figure 17.29) 

Unit of 2 T 
vertebrae 

- Unit consisting of 2 thoracic vertebral bodies which are fused to the L 
ribs and to each other through the zygapophyseal joints (Figure 17.30) 

Unit of 4 T 
vertebrae 

- Unit consisting of 4 thoracic vertebral bodies which are fused to each 
other through smooth osteophytic growth on R, anterior, and L aspects 
(Figure 17.31) 

- 3 R and 3 L ribs are fused to this unit, although there is a large amount 
of taphonomic damage 

R pelvis 
- Sacroiliac joint (SIJ) uniformly fused with a slight line indicating where 

ala and auricular surface ankylosed (Figure 17.33) 

L pelvis 
- Fragment is present�Æ appears to consist of sacral ala fused with the 

auricular surface, suggesting that the L SIJ was also fused (Figure 
17.33) 

 

 
Figure 17.27- Fusion of the lumbar spine of EA-310 through the zygapophyseal joints and spinous 

processes. Produced with kind permission of The Higgins Art Gallery & Museum, Bedford. 
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Figure 17.28- Fusion of two thoracic vertebrae of EA-310 (posterior view). Note the gap between the 

vertebral bodies remains. Produced with kind permission of The Higgins Art Gallery & Museum, 
Bedford. 

 
Figure 17.29- Fusion of three thoracic vertebrae of EA-310 (anterior view). Produced with kind 

permission of The Higgins Art Gallery & Museum, Bedford. 
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Figure 17.30- Fusion of two thoracic vertebrae of EA-310 to each other and to two left ribs. Produced 

with kind permission of The Higgins Art Gallery & Museum, Bedford. 

 
Figure 17.31- Fusion of four thoracic vertebrae of EA-310 to each other and to the right and left ribs. 

Produced with kind permission of The Higgins Art Gallery & Museum, Bedford. 
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Figure 17.32- Fusion of four thoracic vertebrae of EA-310 to each other and to a right rib. Produced 

with kind permission of The Higgins Art Gallery & Museum, Bedford. 

 
Figure 17.33- Fusion of the right sacroiliac joint and probable fusion of the left sacroiliac joint of EA-

310. Produced with kind permission of The Higgins Art Gallery & Museum, Bedford. 
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Differential diagnosis for the alterations observed in EA-310 include the 

spondyloarthropathies (Section 22.5). �5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�P�H��is a possible diagnosis, but 

is less likely as spinal alterations are generally not severe, and sacroiliac fusion and 

spinal alterations are more common in ankylosing spondylitis (AS) (Resnick 2002r). 

�7�K�H�� �O�R�Z�H�U�� �O�L�P�E�V�� �Z�H�U�H�� �Q�R�W�� �S�U�H�V�H�Q�W�� �W�R�� �K�H�O�S�� �F�R�Q�I�L�U�P�� �R�U�� �U�H�M�H�F�W�� �5�H�L�W�H�U�¶�V�� �V�\�Q�G�U�R�P�H�� �D�V��a 

differential diagnosis.  

Similarly, PsA is a possible diagnosis as bilateral sacroiliitis is common, but is 

perhaps less likely as paravertebral ossification tends to be unilateral or asymmetrical, 

conditions not observed in EA-310 (Resnick 2002q). Most of the small bones of the 

hands and feet were absent, so analysis of lesions to confirm or reject PsA as a 

differential diagnosis was not possible. 

The distribution of ankylosis observed in EA-310 (bilateral ankylosis of the 

sacroiliac joints, spinal fusion on the anterior and lateral aspects of the vertebrae, and 

ankylosis of the costovertebral joints) is consistent with AS (Resnick 2002b). The 

functional impacts of AS are discussed in more depth in Section 22.5.2, but it is likely 

that EA-310 experienced pain in the back and lower limbs, stiffness, fatigue, restricted 

movement, and limited chest expansion (Resnick 2002b). Although EA-310 may not 

have been visually distinctive, it is likely that these symptoms would have restricted 

full participation in some social and economic activities.  

 

17.2.6 Elstow Abbey 360 

 EA-360 was a middle adult male (although the current author recorded EA-360 

as a young adult individual who was probably female). There is ankylosis of L2 and L3 

through the vertebral bodies and zygapophyseal joints (Figure 17.34). There is anterior 

wedging of both L2 and L3 (which is more severe in L3) and on the right side of the 

bodies (Figure 17.35). If the superior surface of L2 is horizontal, the inferior surface of 

L3 is at approximately 45° to it, indicating kyphosis of the lumbar region. There is no 

apparent destruction of either endplate. The remainder of the spine is normal and there 

is no evidence of PNB formation on the many rib fragments present.  
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Figure 17.34- Ankylosis of L2 and L3 of EA-360 (left side view). Produced with kind permission of The 

Higgins Art Gallery & Museum, Bedford. 

 
Figure 17.35- Wedging and ankylosis of L2 and L3 of EA-360 (anterior view). Produced with kind 

permission of The Higgins Art Gallery & Museum, Bedford. 
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Differential diagnoses for the spinal changes in EA-360 include osteomyelitis, 

brucellosis, and TB, the latter of which is the most likely diagnosis (see Section 22.4.1). 

TB of the spine results in the destruction and collapse of vertebral bodies, and 

ankylosis and kyphosis of adjacent vertebrae in order to stabilise the compromised 

spine (Resnick 2002l; Holloway et al. 2011), all of which are demonstrated in EA-360. 

The angulation present in L2 and L3 would have resulted in a noticeable, 

visually distinctive gibbus deformity. Besides being visually distinctive, EA-360 

probably experienced the impairments caused by severe alterations to the spinal 

column including paraparesis or paraplegia of the lower limbs, loss of urinary/faecal 

control, pain, sensory impairment, and an abnormal gait (Turgut 2001; Resnick 2002l; 

Roberts and Buikstra 2003: 95). In addition, EA-360 probably would have experienced 

general clinical symptoms of TB (fever, malaise, weight loss), as these can affect an 

individual regardless of the involved organ/tissue (Hopewell 1994). All of these 

symptoms would have limited normal participation in social and economic activities. 
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18  Priory Orchard 

18.1 Qualitative comparison of palaeopathological analysis 
Pathological but non-physically impairing lesions noted by the current author in 

the random sample of 30 individuals were mentioned specifically by previous 

researchers (e.g. fusion of L5 to the sacrum in PO-1033, OA of the lumbar vertebrae 

in PO-1063, severe eburnation on the left patella and distal left femur, and fusion of 

L4-L5 in PO-3391). Two possible pathological alterations were noted by the current 

author but not by previous researchers: possible healed trauma to the left parietal in 

PO-1063, and possible striated PNB growth on the medial aspect of the right tibia in 

PO-3107. It should be noted, however, that these were not definite pathological 

alterations as the taphonomic damage limited macroscopic analysis. Thus, the 

previous palaeopathological analysis was comprehensive and did not differ 

significantly from the current �D�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V�� 

 

18.2 Detailed differential diagnoses 

18.2.1 Priory Orchard 1049 

PO-1049 was a middle adult male. The pathological alterations observed in PO-

1049 are provided in Table 18.1. Table 18.2 provides the measurements of the femora 

and tibiae. 
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Table 18.1- Descriptions of the pathological alterations observed in PO-1049. 

Bone Description 

L femur 

- Fracture of the proximal end resulting in 1) the proximal segment (femoral 
head, greater trochanter, what remains of the lesser trochanter, and the 
part of femoral shaft immediately inferior to it) and, 2) the distal segment 
(rest of the femur distal to lesser trochanter) (Figure 18.1) 

- Shaft of the proximal segment is severely displaced laterally and anteriorly 
(Figure 18.2)�Æ medial displacement of the femoral head (Figure 18.3) 

- Medullary cavity of the proximal segment is not attached to the femoral 
shaft of the distal segment 

- Mass of irregularly shaped cortical bone inferior to femoral head continues 
around the shaft, connecting the proximal and distal segments�Æ mass is 
connected just inferior to the protrusion of the distal end of the proximal 
segment 

- Follow in the medial direction�Æ the mass continues at a slight superior 
angle around posterior shaft of the proximal segment, where it connects 
with what appears to be the proximal end of the distal segment (i.e., the 
break line between the two segments) (Figure 18.3) 

- Remainder of bone is normal in shape and size 
- Entire bone is shortened due to the angulation of the proximal segment 

L 
acetabulum 

- Does not appear abnormal in shape or size 
- Mild lipping around the circumference 
- No eburnation 

R/L tibiae, 
calcanei, 

tali 
- No difference in shape or size of R/L sides 

 

Table 18.2- Measurements for the lower limb long bones of PO-1049.  

Bone Measurement R (mm) L (mm) 

Femur 

Maximum length 466 4201, 4122 

Maximum head diameter  51 50 
Subtrochanteric anterior-posterior diameter 31* - 
Subtrochanteric medial-lateral diameter 39* - 
Midshaft anterior-posterior diameter 33* 32* 
Midshaft medial-lateral diameter 34* 33* 

Tibia 
Maximum length 383 379 
Anterior-posterior diameter at nutrient foramen 38 363 
Medial-lateral diameter at nutrient foramen 23 22 

NB: 1= top of greater trochanter, 2= top of femoral head; 3= mild surface erosion. 
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Figure 18.1- Fracture of the proximal end of the left femur of PO-1049. Produced with kind permission 

of the Department of Life Sciences, University of Roehampton. 

 
Figure 18.2- Severe anterior displacement of the proximal segment of the left femur of PO-1049 
(medial view). Produced with kind permission of the Department of Life Sciences, University of 

Roehampton. 
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Figure 18.3- Medial displacement of the left femoral head of PO-1049 (posterior view). Produced with 

kind permission of the Department of Life Sciences, University of Roehampton. 

 

The fracture observed in the proximal left femur can probably be classified as 

a subtrochanteric fracture (Resnick 2002n), as the fracture appears to be inferior to 

the lesser trochanter. Loizou et al. (2010) report that in subtrochanteric fractures there 

is probably abduction (lateral angulation), flexion (anterior angulation), and rotation of 

the proximal fragment, along with femoral shortening, all of which were observed in 

PO-1049. The malalignment of the fracture with the medial displacement of the 

femoral head would have resulted in an abnormal angle of articulation with the 

acetabulum. As well, the left femur was much shorter than the right due to the 

malalignment of the two segments, which would have resulted in a noticeable limb 

length discrepancy. The abnormal articulation of the hip and the length discrepancy 

between the lower limbs would have resulted in irregular locomotion, which would 

have been visually distinctive and restricted PO-���������¶�V ability to participate fully in 

social and economic activities.  
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18.2.2 Priory Orchard 1074 

 PO-1074 was an older adult individual who was probably male (although the 

current author recorded PO-1074 as an older adult who was possibly female). There 

is a large ovular perforation into the trabecular bone of the right ischium (immediately 

inferior to the acetabulum) (Figure 18.4) which is approximately 23mm in length. The 

perforation seems to have two separate chambers, both of which are defined by very 

smoothed out trabecular bone indicative of remodelling. Within the larger chamber of 

the perforation there are two further circular perforations with rounded edges (Figure 

18.5).  

 
Figure 18.4- Location of perforating lesion in the right ischium of PO-1074 (red arrow). Produced with 

kind permission of the Department of Life Sciences, University of Roehampton. 
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Figure 18.5- Two further circular perforating lesions within the larger lesion on the right ischium of PO-

1074 (red circles). Produced with kind permission of the Department of Life Sciences, University of 
Roehampton. 

  

Differential diagnoses for the pathological alterations observed in the right 

ischium of PO-1074 include a simple unicameral bone cyst and an ABC. Simple 

unicameral bone cysts occur in the tubular bones in 90-95% of cases, and generally 

consist of a single chamber (Aufderheide and Rodríguez-Martín 1998: 390). 

Therefore, an ABC is a better diagnosis for PO-1074 as they are more common in 

non-tubular bones (Resnick 2002w), and they tend to be loculated with multiple 

chambers, as observed in PO-1074 (Aufderheide and Rodríguez-Martín 1998: 391).  
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 Symptoms associated with ABCs include local pain, increased temperature, 

swelling which can last from weeks to years, and limited movement of adjacent 

articulations (Resnick 2002w). A clinical study investigating ABCs of the pelvis found 

that of the five individuals with an ABC of the ischium, all experienced pain and one 

experienced a limp (Capanna et al. 1986). A case study of a 13-year-old boy with an 

ABC of the ischium reported that the patient experienced pain (which was present at 

rest during the day, at night, and increased when sitting), which resulted in a limp and 

limited exercise/sport (Cisneros et al. 1985). Although hip movement was not 

restricted, it was painful for the patient to flex and rotate the affected leg. Another case 

study of an eight-year-old boy with an ABC of the ischium reported similar findings 

(Murphy et al. 1982). The patient experienced non-radiating pain which was present 

during the day and night, and was made worse by exercise (Murphy et al. 1982). 

Medial and lateral rotation of the hip induced pain, and the patient walked with an 

antalgic gait (adaptive gait which minimises pain) (Murphy et al. 1982).  

Thus, it is reasonable to assume that PO-1074 was possibly physically impaired 

by the large bone cyst in the right ischium which may have caused pain, limited range 

of motion of the hip, and a noticeable limp. All of these clinical manifestations may 

have contributed to restricted participation in economic and social activities.  

 

18.2.3 Priory Orchard 1079/3123 

PO-1079/3123 was an older adult male. There is complete fusion of the left 

femur and tibia with the tibia angled posteriorly (Figure 18.6). It appears as if the two 

long bones fused through the femoral and tibial condyles, leaving a gap in the centre 

where the patella probably sat. This gap extends from the anterior surface to the 

posterior surface and is somewhat circular in shape with rounded edges (20mm x 

16mm on anterior surface; 16mm x 14mm on posterior surface) (Figure 18.7 and 

Figure 18.8).  

 There is no obvious difference in the size or shape of the right and left acetabula 

(Figure 18.9). The right femur and tibia are normal in size and shape and do not differ 

much from the left femur and tibia. The measurements for the lower limbs are provided 

in Table 18.3. The only foot bones that could be compared were the right and left tali. 

It is possible that the left talus is smaller than the right, but considerable taphonomic 
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damage makes this difficult to confirm. There is a slightly curved medial-lateral crease 

in the articular surface of the left talar head (Figure 18.10).   

 

Table 18.3- Measurements for the lower limb longs bones of PO-1079/3123.  

Bone Measurement R (mm) L (mm) 

Femur 

Maximum length 4593 - 
Maximum head diameter 48 - 
Subtrochanteric anterior-posterior diameter 301 342 
Subtrochanteric medial-lateral diameter 361 342 
Midshaft anterior-posterior diameter 291 341 

Midshaft medial-lateral diameter 281 291 

Tibia 
Maximum length 3604 - 
Anterior-posterior diameter at nutrient foramen 352 422 
Medial-lateral diameter at nutrient foramen 242 262 

1= surface erosion; 2=some cortical bone; 3= to end of medial condyle; 4= 
from medial intercondylar eminence. 

 

 
Figure 18.6- Complete ankylosis of the left femur and tibia of PO-1079/3123 (posterior view). 

Produced with kind permission of the Department of Life Sciences, University of Roehampton. 

 
Figure 18.7- Complete ankylosis of the left femur and tibia of PO-1079/3123 (anterior view). Note the 

circular gap separating the distal femur and proximal tibia. Produced with kind permission of the 
Department of Life Sciences, University of Roehampton. 
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Figure 18.8- Complete ankylosis of the left femur and tibia of PO-1079/3123 (posterior view). Note the 

circular gap separating the distal femur and proximal tibia. Produced with kind permission of the 
Department of Life Sciences, University of Roehampton. 

 
Figure 18.9- Similarity in shape and size of the right and left acetabula of PO-1079/3123. Produced 

with kind permission of the Department of Life Sciences, University of Roehampton. 
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Figure 18.10- Slight curved medial-lateral crease in the talar head of the left talus of PO-1079/3123. 

Produced with kind permission of the Department of Life Sciences, University of Roehampton. 

 

Differential diagnoses for the pathological alterations observed in the left knee 

of PO-1079/3123 include RA (22.5.1), AS (22.5.2), non-specific septic arthritis 

(Section 22.5.7), tuberculous arthritis (Section 22.4.3), and trauma. Although RA 

frequently affects the knee, bony ankylosis is not often observed (Resnick 2002s), but 

can occur (Ortner 2003: 562). RA is an erosive arthropathy which is characterised by 

symmetrical erosive lesions of the joint margins, and most frequently affects the PIP 

joints and the MCP joints of the hands (Rogers and Waldron 1995: 56-7; Resnick 

2002s). Only one metacarpal was present so analysis of the hand bones for 



 

257 
 

pathological alterations consistent with RA was not possible, and this must remain a 

possible diagnosis.  

The knee is involved in 30% of individuals with AS and intra-articular osseous 

fusion can occur (Resnick 2002b). Only L4 and L5 were present so analysis of the 

vertebrae for pathological alterations consistent with AS was not possible, and this 

must remain a possible diagnosis.  

Both septic arthritis and tuberculous arthritis are usually monoarticular, 

commonly affect the knee, and can cause bony ankylosis (Davidson and Horowitz 

1970; Kelley and El-Najjar 1980; Resnick 2002k; Malaviya and Kotwal 2003; Holloway 

et al. 2011). Tuberculous infection of the joints usually results in very little bony 

proliferation, in contrast to septic arthritis, and usually does not cause bony ankylosis, 

which is also much more common in septic arthritis (Resnick 2002l). Although there 

was some taphonomic damage, there is no evidence of proliferative bone growth 

around the left knee which is more suggestive of tuberculous arthritis. However, the 

ankylosis of the knee joint is more suggestive of septic arthritis. Finally, it is possible 

that a traumatic injury occurred in the left knee, which was then allowed to heal at a 

flexed angle resulting in ankylosis of the two bones.  

Thus, without the spine or the small bones of the hands and feet, it is not 

possible to further narrow down the cause of the bony ankylosis of the left knee in PO-

1079/3123. A clinical study which investigated 27 knees in 24 patients with 

spontaneous bony knee ankylosis in severe flexion (as observed in PO-1079/3123), 

found that tuberculous arthritis was the most common diagnosis (19 knees) followed 

by RA (six knees) and septic arthritis (two knees) (Kim et al. 1999). Thus, ankylosis of 

the knee can occur as a result of many different conditions, but for the purposes of this 

research, a definitive cause cannot be identified. 

Although the cause of the knee ankylosis is unclear, the functional impact of 

this alteration can be investigated. The ankylosis of the knee at a severely flexed angle 

(c.115°) would severely compromise the ability to ambulate normally. A clinical study 

investigating flexed knee deformity found that as soon as the flexion angle is larger 

than 15°, the gait is altered with overuse of the quadriceps which leads to fatigue, pain 

on the anterior part of the knee, and crouch gait (Klatt and Stevens 2008). With a 

flexion angle of around 115°, PO-1079/3123 had a left leg that was visually distinctive 



 

258 
 

(permanently bent at an angle), and an abnormal gait pattern which would have been 

limiting in terms of normal participation in economic and social activities.  

  

18.2.4 Priory Orchard 3169 

 PO-3169 was a middle adult male. The pathological alterations observed in PO-

3169 are provided in Table 18.4.  

 

Table 18.4- Descriptions of the pathological alterations observed in PO-3169. 

Bone Description 

Frontal 
bone 

- Healed traumatic lesion (52mm x 36mm) on R side�Æ well-healed with 
rounded edges (Figure 18.11) 

- Fragment of frontal bone is completely fused to the rest of the skull on the 
lateral side 

- On the medial side there is a slight gap between the skull fragment and the 
remainder of the skull 

R/L 
scapulae - Similar in shape and size 

L humerus 

- Severe deformation of the distal end (Figure 18.12) 
- Capitulum and trochlea are no longer smooth and convex but are flattened 

and irregularly shaped (Figure 18.13) 
- 2 flattened areas on very distal aspect where trochlea and capitulum should 

have been�Æ must have served as articulations for the ulna and radius 
- Coronoid fossa is shallow and almost non-existent 
- Shape of the olecranon fossa is abnormal and there is a gap in its most 

distal border 
- Not possible to compare lengths of R/L humeri, but width at midshaft in L is 

slightly smaller than in R 

L radius 

- Shape is normal, except for the radial head 
- Difficult to determine how the radial head was deformed�Æ posterior half is 

missing 
- Osteophytic lipping on the edges of the articular surface that is present 
- New bone growth on the actual radial head�Æ deforms the normally 

concave central area (Figure 18.14) 
- Similar in size and shape to R radius 

L ulna 

- Coronoid process is severely flattened (Figure 18.15) 
- Coronoid process has evidence of eburnation, and does not project 

anteriorly 
- Radial notch has two facets (Figure 18.16) 
- Possible that L ulna is slightly smaller than the R (difference is not 

considerable) 
 

To allow for the articulation of the flattened coronoid process with the deformed 

trochlea area and the radial head with the deformed capitulum area, the forearm must 

be slightly flexed (Figure 18.17). As there are no convex, articular surfaces on the 
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anterior aspect of the elbow joint, it is unlikely that full flexion, with the rotation of the 

radius and ulna onto the anterior aspect of the distal humerus (as is expected in normal 

flexion) would be possible. It is likely that pronation was still possible as there was a 

smooth radial notch around which the radial head could rotate. 

 
Figure 18.11- Large, well-healed traumatic lesion on the right frontal bone of PO-3169. Produced with 

kind permission of the Department of Life Sciences, University of Roehampton. 

 
Figure 18.12- Deformation in the shape of the distal end of the left humerus of PO-3169. Produced 

with kind permission of the Department of Life Sciences, University of Roehampton. 
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Figure 18.13- Severe deformation of the distal end of the left humerus of PO-3169. Note the lack of a 

recognisable trochlea or capitulum. Produced with kind permission of the Department of Life 
Sciences, University of Roehampton. 

 
Figure 18.14- New bone growth on the radial head of PO-3169 deforming the normal area of central 

concavity. Produced with kind permission of the Department of Life Sciences, University of 
Roehampton. 
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Figure 18.15- Severe flattening of the coronoid process of the left ulna of PO-3169. Produced with 

kind permission of the Department of Life Sciences, University of Roehampton. 

 
Figure 18.16- Radial notch of the left ulna of PO-3169 with two separate facets. Produced with kind 

permission of the Department of Life Sciences, University of Roehampton. 

 
Figure 18.17- Flexed position of the ulna to allow for correct articulation with the irregular shaped 

articular surfaces on the distal end of the left humerus of PO-3169. Produced with kind permission of 
the Department of Life Sciences, University of Roehampton. 
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 Although tuberculous and septic arthritis can affect the elbow joint (Resnick 

2002k; Resnick 2002l), there is no evidence of erosion or proliferative bone growth 

making these conditions less likely. Instead, there is deformation of all the articular 

surfaces of the left elbow joint, making a traumatic cause more likely, although no 

specific fracture lines can be identified. Fractures of the distal articular surface of the 

humerus are frequently the result of direct trauma to the olecranon or 

hyperextension/indirect forces from a fall onto the outstretched hand (Kundel et al. 

1996). Even with modern medicine, full functional recovery of the elbow joint is difficult 

to obtain due to nerve lesions, joint stiffness, and heterotopic bone formation (Kundel 

et al. 1996).  

 As mentioned above, although the distal articular surface of the humerus is still 

smooth, indicating that movement in this joint was still possible, the loss of normal 

convexity of the different parts of the distal humerus makes it unlikely that normal, 

uncompromised flexion of the elbow was possible. This may have resulted in restricted 

use of the left arm, which would have limited PO-3169�¶�V���S�D�U�W�L�F�L�S�D�W�L�R�Q in some daily 

activities, and made some of PO-���������¶�V movements visually distinctive. 
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19  Raunds 

19.1 Qualitative comparison of palaeopathological analysis 
Some pathological but non-physically impairing lesions observed by the current 

author in the random sample of 30 individuals were mentioned specifically by previous 

researchers (e.g. healed fracture of the right distal tibia in RD-5051, healed fracture of 

the left clavicle in RD-5286, trauma to the left hand in RD-5064, and a healed fracture 

of the right femur in RD-5201). Some pathological but non-physically impairing lesions 

observed by the current author in the random sample of 30 individuals were not 

mentioned specifically by previous researchers (e.g. OA of the right hand in RD-5073, 

compression fracture in the spine in RD-5201, diffuse PNB growth in RD-5189, PNB 

growth in the left upper limb and lower limbs in RD-5175). However, none of the 

pathological alterations which were not mentioned specifically in the microfiche or by 

Powell (1996) would have been considered physically impairing. Therefore, the 

previous palaeopathological analysis was comprehensive and did not differ 

�V�L�J�Q�L�I�L�F�D�Q�W�O�\���I�U�R�P���W�K�H���F�X�U�U�H�Q�W���D�X�W�K�R�U�¶�V���D�Q�D�O�\�V�L�V�� 

 

19.2 Detailed differential diagnoses 

19.2.1 Raunds 5046 

RD-5046 was a young adult male. Descriptions of the pathological changes 

observed are provided in Table 19.1. 

 

Table 19.1- Descriptions of the pathological alterations observed in RD-5046. 

Bone Description 

Maxillae 
- Oral and nasal surfaces are covered in diffuse porous compact bone 

formation (Figure 19.1) 
- Rounding of nasal aperture on inferior and lateral margins 

R/L 
tibiae/fibulae 

- Covered in diffuse periosteal compact bone formation (Figure 19.2 and 
Figure 19.3) 

- Some of the compact bone is striated, while other areas are smoothed 
over�Æ creates an irregular nodular surface  

R femur 

- Deformation in shape of proximal half�Æ enlargement of the diaphysis 
due to smooth, well-integrated new bone formation on the cortical 
surface (Figure 19.4) 

- Some lateral rotation of the distal half of the femur 
- R FNA is noticeably larger than the L (Figure 19.5) 
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Figure 19.1- Porous compact bone deposition on the nasal surface of the palate and in the maxillary 
sinus of RD-5046. Produced with kind permission of the Biological Anthropology Research Centre, 

University of Bradford. 

 
Figure 19.2- Striated, compact, new bone formation on the lateral distal shaft of the left tibia of RD-
5046. Produced with kind permission of the Biological Anthropology Research Centre, University of 

Bradford. 
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Figure 19.3- Compact bone deposition creating irregular nodular surface of the left fibula of RD-5046. 

Produced with kind permission of the Biological Anthropology Research Centre, University of 
Bradford. 

 
Figure 19.4- Smooth, well-integrated compact bone formation on the anterior shaft of the right femur 

of RD-5046. Produced with kind permission of the Biological Anthropology Research Centre, 
University of Bradford. 
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Figure 19.5- Comparison of the FNAs of RD-5046. Note the increased FNA of the right femur. 
Produced with kind permission of the Biological Anthropology Research Centre, University of 

Bradford. 

 

The pathological alterations observed in the cranium are consistent with 

rhinomaxillary syndrome which is pathognomonic of leprosy or facies leprosa 

(Andersen and Manchester 1992) (Section 22.2.1). Clinical symptoms of 

rhinomaxillary syndrome include a clogged nasal airway, excess production of nasal 

discharge, and saddle-nose deformity (Andersen and Manchester 1992; Anon 2009). 

These facial changes would have left RD-5046 visually distinct from the rest of the 

population due to the visible sores present and bodily fluids exiting the nose and 

mouth. Most of the hand and feet bones of RD-5046 were present with no evidence of 

bony alterations, therefore manual and pedal deformities characteristic of leprosy were 

probably absent.  

PNB in the post-cranial skeleton can be caused by a number of conditions 

which are discussed in more detail in Section 22.8. There are no cloacae, gummatous 

lesions, or PNB on the metacarpals, radii, scapulae, or claviculae, which can exclude 

osteomyelitis, treponemal disease, and HOA respectively. Bilateral tibial and fibular 

PNB formation is very common in archaeological cases of leprosy (Møller-Christensen 

1961; Lewis et al. 1995), and therefore adds to the diagnosis suggested by the 

craniofacial region. The presence of periostitis on the tibiae and fibulae indicates that 

there was disruption of sensation or anaesthesia in the lower limbs, probably leading 

to an ulcer on the plantar surfaces of the feet and subsequent infection (Resnick 2002l; 

Roberts and Manchester 2010: 197). Pain and swelling in both legs may have resulted 

in restricted use of the lower limbs and an abnormal, slow gait.  
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Further clinical symptoms of leprosy are discussed in Section 22.2. Symptoms 

which cannot be confirmed palaeopathologically (pain, nerve abscesses, skin lesions, 

hair loss, malaise, fever, fatigue, etc.) will also have affected RD-5046 and may have 

restricted normal participation in social and economic activities.  

 The alterations observed in the right femur are less typical of leprosy and 

therefore trauma must be considered as a differential diagnosis. There is slight lateral 

angulation of the distal half of the femur, which is suggestive of a healed fracture, 

although there is no obvious fracture line. If a fracture did occur, it was not perfectly 

aligned, and, as evidenced by the PNB formation causing expansion of the distal shaft, 

there may have been an infection. However, because the new bone formation is 

smooth, compact, and well-integrated, it is likely that the infection was no longer active 

at the time of death.  

It also remains possible that the inflammation of the periosteum evident in the 

right distal femur is a consequence of the same infection which affected the right and 

left tibiae and fibulae (probably from ulcerations on the plantar surfaces of the feet). 

However, it seems unlikely that the PNB formation on the femur, which is farther away 

from the proposed source of infection, would be more integrated into the cortex of the 

bone than in the tibia and fibula, which are closer to the proposed source of infection. 

There was an increase in the FNA of the right femur which was probably 

associated with the lateral angulation of the distal half of the bone. An increased FNA 

has been clinically associated with orthopaedic conditions, including but not limited to, 

in-toeing (pigeon-toed), genu valgum (knock-kneed), pes planus (flat foot), and tibial 

torsion (Cibulka 2004; Djukic et al. 2014). It is therefore possible that RD-5046 walked 

with an altered gait.  

In summary, RD-5046 would have been visually distinctive in life (fluids exiting 

the nose and mouth area, facial deformation, etc.), and his community would certainly 

have been aware of his disease. The chronic inflammation of the lower legs along with 

the altered angle of the right femur may have caused RD-5046 to walk with an 

abnormal gait which may have been visually distinctive and potentially restricted 

normal participation in economic and social activities.  
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19.2.2 Raunds 5062 

RD-5062 was a middle adult male (although the current author recorded RD-

5062 as an older adult male). Descriptions of the pathological changes observed in 

RD-5062 are provided in Table 19.2. 

 

Table 19.2- Descriptions of pathological alterations observed in RD-5062. 

Bone Description 

L scapula 
- Glenoid cavity completely flattened with marked osteophytic lipping on 

lateral and medial margins (Figure 19.6) 

L humerus 

- Malformed in shape�Æ 99mm shorter than R humerus (R: 312 mm, L: 213 
mm) 

- Humeral head has a concave surface (Figure 19.7) 
- Area where the humeral head articulates with the glenoid cavity has been 

rotated posteriorly (Figure 19.8) 
- Area of osteoclastic activity in centre of the humeral head and areas of 

eburnation on the superior and inferior aspects 
- Distal half appears to have developed normally with a slightly elongated 

medial epicondyle 

R femur 

- Femoral head is severely malformed (more conical than normal) and the 
articular surface of the femoral head has been displaced inferiorly 

- Surface of femoral head has been elongated due to this displacement 
and there are areas of macroporosity and eburnation present 

- Severe osteophytic lipping on anterior and posterior margins of the 
femoral head (Figure 19.9) 

 

 
Figure 19.6- Flattened glenoid cavity of RD-5062 with osteophytic lipping. Produced with kind 

permission of the Biological Anthropology Research Centre, University of Bradford. 
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Figure 19.7- Dysplastic, concave surface of the left humeral head of RD-5062. Produced with kind 

permission of the Biological Anthropology Research Centre, University of Bradford. 

 
Figure 19.8- Abnormal articulation angle between the left humerus and scapula of RD-5062. 
Produced with kind permission of the Biological Anthropology Research Centre, University of 

Bradford. 
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Figure 19.9- Severe osteophytic lipping of the posterior margin of the right femoral head of RD-5062 

that has begun to fuse with the lesser trochanter. Produced with kind permission of the Biological 
Anthropology Research Centre, University of Bradford. 

 

Differential diagnoses for the pathological alterations observed in the right 

upper limb of RD-5062 include BPP (Section 22.7.2) and fracture of the proximal 

humerus. Osteological alterations consistent with BPP were present, including 

flattening and posterior retroversion of the right glenoid cavity, deformation and 

flattening of the humeral head, as well as humeral shortening. On average, the limb 

affected by BPP is 95% of the length of the unaffected limb (Bae et al. 2008). As the 

right humerus of RD-5062 is 68% of the length of the left humerus, it is clear that the 

limb length discrepancy is too great to be explained by BPP. 
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The types of pathological alterations observed in the left humeral head are 

commonly seen in fractures of the anatomical neck of the humerus (Müller et al. 1990: 

62; Hertel et al. 2004). If the humeral head is separated, the blood supply is disrupted, 

leading to avascular necrosis and collapse of the articular surface which can explain 

the irregular osteoclastic activity and deformed shape of the humeral head (Brooks et 

al. 1993; Resnick 2002n). Damage to the epiphysis can result in a shortened bone 

(Lovell 1997; Ortner 2003: 129), suggesting that the fracture took place before full 

maturation. Due to the posterior rotation of the shoulder, the left arm would have been 

held at an altered angle and would have been visibly shorter (Figure 19.8). However, 

because there was no obvious atrophy of the left radius and ulna, it can be assumed 

that the arm was still in use.  

Differential diagnoses for the pathological alterations observed in the right hip 

of RD-5062 include LCP (Section 22.6.1), congenital hip dysplasia (Section 22.6.3), 

and SCFE (Section 22.6.2). As the femoral head of RD-5062 is more conical shaped 

rather than mushroom shaped, LCP can be excluded (Resnick 2002i). Similarly, as 

the femoral head is not small or flat, developmental hip dysplasia can also be excluded 

(Mitchell and Redfern 2008).  

SCFE is the most likely diagnosis for RD-5062 due to the obvious inferior 

displacement of the femoral head with respect to the femoral neck (Ortner 2003: 347). 

The functional impacts of SCFEs are discussed more in Section 22.6.2. The severe 

inferior displacement of the femoral head observed in RD-5062 would have created 

an abnormal angle of articulation with the acetabulum, which probably caused a 

visually distinctive abnormal gait.   

In summary, the deformation to the glenohumeral joint in RD-5062 would have 

resulted in the right arm being held at an abnormal angle, which may have limited 

movement in that joint. In addition, the shortening of the right humerus would also 

have been visually distinctive to the community. Because of both the joint deformity 

and humeral shortening, it is likely that RD-5062 would not have been able to use his 

right upper limb to its full extent, limiting him in terms of social and economic 

participation. In addition, RD-5062 had a SCFE of the right femoral head which created 

an abnormal articulation in the right hip joint. This probably resulted in an abnormal 

gait which may have been visually distinctive, but also would have restricted RD-5062 

in many daily activities. With restricted use of both the left arm and the right leg, RD-
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5062 was probably both obviously distinctive as well as physically impaired in both 

upper and lower limb function. 

 

19.2.3 Raunds 5074 

RD-5074 was a middle adult male. The descriptions of the pathological 

alterations observed by in RD-5074 are provided in Table 19.3. 

 

Table 19.3- Descriptions of pathological alterations observed in RD-5074. 

Bone Description 

L patella 
- Osteophytic lipping around entire articular surface, most notably on inferior 

lateral margin (Figure 19.10) 
- Diffuse porosity across articular surface 

L femur 

- Distal end is mostly missing, however on the lateral aspect of distal shaft there 
is a small plaque of porous woven bone approximately 29mm x 6mm 

- Two small fragments of distal condyles�Æ both show evidence of eburnation, 
and one shows evidence of osteophytic lipping 

L tibia 

- Some taphonomic damage to the proximal end but also evidence of multiple 
lytic lesions in the exposed trabecular bone 

- Immediately medial to what remains of the lateral condyle there is a hole 
approximately 5mm in diameter�Æ extends into the trabecular bone creating a 
smoothed-out canal, indicative of trabecular remodelling 

- Another oval hole immediately inferior/anterior to the first (c.6mm long) which 
connects to the original canal 

- What remains of the lateral condyle shows evidence of eburnation 
- On both the medial and lateral aspects of the proximal shaft there are areas 

of irregular bone deposition resulting in jagged spicules 
- On the medial and lateral aspects of the midshaft there are areas of smoother, 

striated compact bone deposition 

L fibula 

- Area of porous PNB growth approximately 25mm in length on a proximal 
fragment of the fibula 

- Distal fragment has areas of striated compact bone formation and other areas 
of smoother compact bone deposition, creating an irregular surface 
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Figure 19.10- Severe osteophytic lipping of the inferior lateral margin of the left patella of RD-5074. 

Produced with kind permission of the Biological Anthropology Research Centre, University of 
Bradford. 

 

The pathological alterations observed in the left lower limb of RD-5074 are quite 

general and are thus difficult to associate with a specific condition. The erosive action 

on the proximal end of the tibia along with the remodelling of the trabecular bone and 

formation of smoothed out canals are indicative of some sort of infection (Resnick 

2002k). Both non-specific septic arthritis (Section 22.5.7) and tuberculous arthritis 

(Section 22.4.3) are commonly monoarticular and frequently involve the knee (Resnick 

2002b; Malaviya and Kotwal 2003). In general there is more new bone formation and 

periostitis in septic arthritis than in tuberculous arthritis, and bony ankylosis is more 

common in septic arthritis than in tuberculous arthritis (Resnick 2002l). As there was 

no bony ankylosis observed in RD-5074, nor was there considerable new bone 

formation, tuberculous arthritis is perhaps the more likely diagnosis. Regardless of the 

source of infection, RD-5074 would have presented with a swollen, hot, painful knee 

which probably resulted in a limp and would have restricted movement (Goldenberg 

1998; Malaviya and Kotwal 2003). The abnormal gait of RD-5074 would have been 
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noticeable to the surrounding community, and probably limited normal participation in 

economic and social activities.  

 

19.2.4 Raunds 5218 

19.2.4.1 Upper limbs 

RD-5218 was a young adult male (although the current author recorded RD-

5218 as a middle adult male). There is overall asymmetry of the upper limbs, with 

shortening of the humerus and atrophy of the left clavicle, radius, and ulna. 

Measurements and directional asymmetry (Steele and Mays 1995) for both upper 

limbs are provided in Table 19.5. Further pathological changes observed in the left 

humerus are described in Table 19.4. 

 

Table 19.4- Descriptions of the pathological alterations observed in the left humerus of RD-
5218. 

Bone Description 

L humerus 

- Approximately 95mm or 33.6% shorter than the R 
- Deformation in shape of the proximal half of the shaft�Æ disruption to 

the usually smooth proximal shaft with a well-integrated, pointed lump 
of compact bone on the lateral aspect 

- Distal end of shaft is slender but not deformed in shape 
- Significant antero-medial bowing of the distal half (Figure 19.11) 
- Irregular osteoclastic activity�Æ destruction of the humeral head which 

is flat, and semi-circular in shape and diffusely covered with irregularly 
shaped pores of varying sizes 

- There is an irregularly shaped cavitation inferior to the humeral head 
(26mm x 6mm) with rounded, smooth margins�Æ unclear if this 
cavitation is perforating or penetrating (Figure 19.12) 

 

 

 

 

 

 

 

 

Table 19.5- Measurements and directional asymmetry for the upper limbs of RD-5218. 
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Bone Measurement R (mm) L (mm) % difference 

Clavicle 
Maximum length 148 144 -2.7 

18.18182 

 

Sagittal diameter at midshaft 12 10 -18.2 

11.76471 

11.76471 

11.76471 

 

Vertical diameter at midshaft 9 8 -11.8 

33.62832 

33.62832 

 
Humerus 

Maximum length 330 235 -33.6 
Epicondylar breadth 61 60 -1.7 
Vertical head diameter 41 - - 
Maximum diameter at midshaft 28 23 -19.6 
Minimum diameter at midshaft 17 19 11.1 

Radius 

Maximum length - - - 
Maximum head diameter 20 19 -5.1 
Anterior-posterior diameter at midshaft - - - 
Medial-lateral diameter at midshaft - - - 

Ulna 

Maximum length 262 - - 
Physiological length 217 - - 
Maximum anterior-posterior diameter 12 11 -8.7 
Maximum medial-lateral diameter 15 14 -6.9 
Minimum circumference 40 37 -7.8 

 

 
Figure 19.11- Antero-medial bowing of the left humerus of RD-5218. Produced with kind permission of 

the Biological Anthropology Research Centre, University of Bradford. 
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Figure 19.12- Deformation of the left proximal humerus of RD-5218. Note the irregularly shaped 

cavitation inferior to the head. Produced with kind permission of the Biological Anthropology Research 
Centre, University of Bradford. 

 

The types of pathological alterations observed in the left humeral head are 

commonly seen in fractures of the anatomical neck (Müller et al. 1990: 62; Hertel et 

al. 2004). If the humeral head is separated, the blood supply is disrupted, leading to 

avascular necrosis and collapse of the articular surface, which can explain the irregular 

osteoclastic activity and deformed shape of the humeral head (Brooks et al. 1993; 

Resnick 2002n). Damage to the epiphysis can result in a shortened bone (Lovell 1997; 

Ortner 2003: 129), which suggests that the fracture took place before full maturation 

(Trinkaus et al. 1994). It can be inferred that this injury impaired the use of the left arm 

to some extent as evidenced by the moderate atrophy of the radius and ulna. However, 

the arm was still in use as muscle attachments on all three long bones remain evident. 

Due to the anteromedial bowing of the distal half of the humerus, which is possibly 
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due to a second midshaft fracture, the left humerus would have been held at an altered 

angle. 

 

19.2.4.2  Vertebral column 

 The pathological alterations observed in the ribs, spine, and sacrum are 

provided in Table 19.6. 

 

Table 19.6- Descriptions of pathological alterations observed in the thorax of RD-5218. 

Bone Description 

Ribs 

- 3 rib fragments with evidence of osteoblastic activity on visceral aspect�Æ 2 
with plaques of woven bone, 1 with plaque of compact bone 

- Sectioned fragment shows layer of compact new bone formation (Figure 
19.13, white arrow) 

Thoracic 
spine 

- Irregular osteoclastic and osteoblastic activity on T9-T12 (Figure 19.14, white 
arrow) 

- T11 and T12 are most severely affected with diffuse erosive destruction of 
entire inferior surface of T11 and the surface of T12 

- Diffuse, irregular osteoblastic activity on anterior, L, and R sides of T11 and on 
R side of T12 

- Slight anterior-posterior wedging of T11 (height where lamina meets body: 24 
mm, height at mid anterior point of body: 14 mm). 

L5 + 
sacrum 

- Compression of L side of L5 (R:31mm, L:23mm)�Æ inferior L angulation (Figure 
19.15) 

- Anterior extension of R pedicle and transverse process of L5�Æ ala-like 
structure 

- Pseudarthrosis between this bony extension, the superior aspect of the R 
auricular surface (causing extension of auricular surface), and the superior 
aspect of R S1 (Figure 19.16, white arrow) 
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Figure 19.13- Layer of compact new bone growth on the visceral surface of a rib fragment of RD-

5218. Produced with kind permission of the Biological Anthropology Research Centre, University of 
Bradford. 

 
Figure 19.14- Lytic destruction on the inferior left aspect of T9 of RD-5218. Produced with kind 

permission of the Biological Anthropology Research Centre, University of Bradford. 
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Figure 19.15- Angulation of L4 and L5 of RD-5218. Produced with kind permission of the Biological 

Anthropology Research Centre, University of Bradford. 

 

Figure 19.16- Pseudarthrosis between L5, the sacrum, and the right os coxae. Produced with kind 
permission of the Biological Anthropology Research Centre, University of Bradford. 

 

Differential diagnoses for the alterations observed in the vertebrae of RD-5218 

include vertebral osteomyelitis (Section 22.1.1), TB (Section 22.4.1), and non-specific 

infection. Loss of vertebral height, irregular bone deposition, and lytic destruction of 
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the vertebral body are all consistent with vertebral osteomyelitis (Lehovsky 1999; 

Resnick 2002j), however there is no cloaca which would have been indicative of 

osteomyelitis. 

The pathological lesions present in T9-T12 are also consistent with a stage of 

TB that has not caused complete collapse of the vertebral bodies, ankylosis, or 

kyphosis. However, the irregular bone growth is less consistent with TB, as this 

disease usually does not result in bone formation (Waldron 2009: 95). Without a cloaca 

indicative of vertebral osteomyelitis or ankylosis and kyphosis characteristic of TB, the 

diagnosis for the vertebral pathological alterations observed in RD-5218 is not definite.  

Differential diagnoses for the pathological alterations observed in the ribs of 

RD-5218 include non-specific pulmonary infection and TB (Section 22.4.2). In 

conjunction with the bony changes observed in the right knee (see below), TB is 

perhaps the more likely diagnosis for the alterations observed in the thorax of RD-

5218, although a non-specific infection remains a possibility.  

 

19.2.4.3  Lower limbs 

There is overall asymmetry of the lower limbs: the right femur, tibia, and fibula 

are shorter and more slender than the left, and the right os coxae is more gracile than 

the left (Figure 19.18-Figure 19.21). The left femur and right tibia are damaged, so a 

maximum length comparison was impossible. Further pathological changes observed 

in the lower limbs are provided in Table 19.7. Measurements and directional 

asymmetry (Steele and Mays 1995) for both lower limbs are provided in Table 19.8. 

 

Table 19.7- Descriptions of pathological alterations observed in the lower limbs of RD-5218. 

Bone Description 

R femur 

- Distal end severely deformed and there is evidence of diffuse irregular 
osteoclastic activity 

- Portion of patella is fused to the antero-lateral side of distal end 
- Surfaces of condyles covered with irregular compact bone and are angled 

posteriorly 
- Due to the deformation to the distal end�Æ deep cavitation rather than a fossa 

between the two condyles (Figure 19.17) 
- The surface of what remains of the L patella is also of irregular compact bone 

R tibia + 
fibula 

- Deformation of the articular surfaces for the talus on both the R tibia and fibula 
- Fibular notch on the tibia has been displaced inferomedially which has caused 

the fibula to shift inferiorly 
R foot - Noticeable atrophy of MT2 and MT5 (Figure 19.22 and Figure 19.23) 

 



 

281 
 

Table 19.8- Measurements and directional asymmetry for the lower limbs of RD-5218.  

Bone Measurement R (mm) L (mm) % difference 

Femur 

Maximum length c.312 - - 
Bicondylar length - - - 
Epicondylar breadth 64 79 -20.9 
Maximum head diameter 40 45 -11.7 
Anterior-posterior subtrochanteric diameter 23 27 -16 
Medial-lateral subtrochanteric diameter 25 32 -24.6 
Anterior-posterior midshaft diameter 25 28 -11.3 
Medial-lateral midshaft diameter 19 25 -27.3 
Midshaft circumference 73 85 -15.2 

Tibia 

Maximum length - 366* - 
Maximum proximal epiphyseal breadth - 74 - 
Anterior-posterior diameter at nutrient foramen 19 2.5 -27.3 
Medial-lateral diameter at nutrient foramen 19 31 -4.8 

Fibula Maximum length 290* - - 

Pelvis 

Dorsal-ventral width of ischial tuberosity  20 24 - 
Maximum length of auricular surface 53 58 - 
Width at apex of auricular surface 21 34 - 
Maximum diameter of acetabulum 52 57 - 

NB: *= held together by author for measurement. 

 

 
Figure 19.17- Deformation of the distal end of the right femur of RD-5218 showing the deep cavitation 
between the two condyles and irregular lumpy compact bone on the articular surfaces. Produced with 

kind permission of the Biological Anthropology Research Centre, University of Bradford. 
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Figure 19.18- Asymmetry of the femoral heads of RD-5218. Produced with kind permission of the 

Biological Anthropology Research Centre, University of Bradford. 

 
Figure 19.19- Asymmetry of the ossa coxae of RD-5218. Produced with kind permission of the 

Biological Anthropology Research Centre, University of Bradford. 
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Figure 19.20- Asymmetry of the fibulae of RD-5218. Produced with kind permission of the Biological 

Anthropology Research Centre, University of Bradford. 

 
Figure 19.21- Asymmetry of the tibiae of RD-5218. Produced with kind permission of the Biological 

Anthropology Research Centre, University of Bradford. 

 
Figure 19.22- Asymmetry of the MT2s of RD-5218. Produced with kind permission of the Biological 

Anthropology Research Centre, University of Bradford. 
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Figure 19.23- Asymmetry of the MT5s of RD-5218. Produced with kind permission of the Biological 

Anthropology Research Centre, University of Bradford. 

 

The pathological changes observed in the right knee of RD-5218 are consistent 

with both non-specific septic arthritis and tuberculous arthritis. As noted above, both 

conditions are usually monoarticular, commonly affect the knee, and can cause bony 

ankylosis, although ankylosis is less common in tuberculous arthritis (Davidson and 

Horowitz 1970; Kelley and El-Najjar 1980; Resnick 2002k; Malaviya and Kotwal 2003; 

Holloway et al. 2011). In conjunction with the vertebral pathological alterations 

potentially suggestive of TB, it is perhaps more likely that a single disease caused both 

the destruction of the vertebral bodies and the right knee joint. Regardless of whether 

the infection was non-specific or tuberculous, RD-5218 would have presented with a 

hot, swollen knee that would have been painful to move (Goldenberg 1998). Because 

of the destruction of the knee joint, the ankylosis of the patella, and the posterior 

rotation of the femoral condyles, the articulating tibia would have been held at a flexed 

angle, and movement of this joint was probably limited.  
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There is overall asymmetry between the right and left lower limb long bones 

with atrophy of the right femur, tibia, and fibula. The disease which affected RD-5218 

must have begun during skeletal development as all three long bones are shortened. 

Paralysis of the lower limbs can be caused by a variety of conditions which are 

discussed in more detail in Section 22.7.1, and differentiating between these 

conditions from only skeletal remains is extremely challenging. CP can probably be 

excluded as most individuals with CP have involvement of multiple limbs (tetraplegia, 

hemiplegia, diplegia in order of frequency) rather than just one (monoplegia) (Minear 

1956; Shevell et al. 2003).  

Of children between the ages of 0-5 years with poliomyelitis, one leg is affected 

in 54.3% of cases, and of children between the ages of 6-15 years with poliomyelitis, 

one leg is affected in 16.9% of cases (Weinstein et al. 1952), a distribution pattern that 

matches well with RD-5218. Spinal scoliosis and foot deformity, both of which were 

observed in RD-5218, are commonly associated with poliomyelitis, therefore making 

this condition a likely diagnosis (Resnick 2002h; Faraj 2006).  

It is also possible that the shortening and atrophy may have been the result of 

disrupted distal femoral and proximal tibial epiphysis growth (as a result of the 

tuberculous arthritis), which can lead to the shortening of long bones (Riseborough et 

al. 1983; Basener et al. 2009) and subsequent atrophy. The distal femoral epiphysis 

accounts for 70% of the longitudinal growth of the femur and 40% of the overall 

longitudinal growth of the lower limb (Gulabi et al. 2013). A clinical study of children 

with distal femoral epiphysis fracture separations found that the length discrepancy 

between the affected and unaffected femora could be up to 9.6cm, while the length 

discrepancy between the affected and unaffected tibia could be up to 2.6cm 

(Riseborough et al. 1983). The length discrepancy observed in RD-5218 was greater 

than this (particularly for the tibia), but the individuals in the above study had access 

to modern medicine, while RD-5218 did not. Therefore, arrested lower limb growth as 

a result of a disruption to the distal femoral and proximal tibial epiphyses (due to 

probable tuberculous arthritis of the right knee) remains a possible diagnosis for RD-

5218. 

Regardless of the cause of the asymmetrical atrophy of the lower limbs, RD-

5218 would have moved with an extremely altered gait due to the severe lower limb 

length discrepancy, which could have potentially been exacerbated by the lumbar 

scoliosis observed. The right leg also would have been held in a flexed position at the 
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knee due to the posterior rotation of the femoral condyles, and the right foot would 

have been inverted due to the inferior fibular displacement. It is clear that the right foot 

was not used as much as the left due to the atrophy and shortening of the metatarsals. 

These bony alterations would have rendered RD-5218 visually distinctive (abnormal 

gait, flexed right lower leg, inverted right foot), and probably made movement difficult, 

which would have limited RD-5218 in terms of normal economic and social 

participation.  

 

In summary, RD-5218 was a very unique individual. Shortening and angulation 

of the left humerus would have been obvious to his surrounding community, and 

probably inhibited full efficacy of the left arm. Although the vertebral alterations 

observed may not have caused physical deformity, general clinical symptoms of TB 

(fever, malaise, weight loss) can affect an individual regardless of the involved 

organ/tissue (Hopewell 1994). RD-5218 also probably experienced clinical symptoms 

of pulmonary TB, including fever, fatigue, and persistent cough (Leung 1999). Finally, 

atrophy of the entire right lower limb, permanent flexion of the right knee, and inversion 

of the right foot would have been visually noticeable to the surrounding community, 

and would have resulted in an abnormal gait, which probably restricted RD-5218 from 

participating normally in social and economic activities. 

 

19.2.5 Raunds 5256 

RD-5256 was a middle adult male. Descriptions of the pathological changes 

observed in RD-5256 are provided in Table 19.9. 

 

 

Table 19.9- Descriptions of pathological alterations observed in RD-5256. 

Bone Description 
R/L femora, 

tibiae, + fibulae 
- Diffuse, porous woven bone deposition along shafts of all elements 

(Figure 19.24 and Figure 19.25) 

L ilium 
- Irregularly shaped area of woven and smooth compact bone deposition 

on anterior surface between anterior superior crest and anterior inferior 
crest (Figure 19.26) 

R foot 
Irregularly shaped plaque of woven bone on medial surface of the body 
of the calcaneus (Figure 19.27) 

- Area of woven bone on inferior medial aspect of the shaft of MT1 
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Figure 19.24- Porous woven bone deposition on the shaft of the left femur of RD-5256. Produced with 

kind permission of the Biological Anthropology Research Centre, University of Bradford. 

 
Figure 19.25- Porous woven bone deposition on the proximal end of the left tibia of RD-5256. 
Produced with kind permission of the Biological Anthropology Research Centre, University of 

Bradford. 
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Figure 19.26- Area of woven and compact bone on the anterior surface of the left ilium of RD-5256 in 
between the anterior superior crest and the anterior inferior crest. Produced with kind permission of 

the Biological Anthropology Research Centre, University of Bradford. 

 
Figure 19.27- Irregularly shaped area of smoother woven bone on the medial surface of the body of 

the right calcaneus of RD-5256. Produced with kind permission of the Biological Anthropology 
Research Centre, University of Bradford. 
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The diffuse periosteal bone formation on all the lower limb long bones is 

indicative of an inflammatory response. PNB in the post-cranial skeleton can be 

caused by a number of conditions which are discussed in more detail in Section 22.8. 

There are no cloacae, gummatous lesions, or PNB on the metacarpals, radii, 

scapulae, or claviculae, which can exclude osteomyelitis, treponemal disease, and 

HOA respectively.  

Bilateral tibial and fibular PNB formation is very common in archaeological 

cases of leprosy (Møller-Christensen 1961; Lewis et al. 1995). Although there were no 

facial skeletal alterations consistent with leprosy, because the periosteal reaction is 

bilateral, and there was PNB growth on the calcaneus and the right MT1 indicative of 

inflammation/infection in the foot, it is possible that this individual did have leprosy. 

Perhaps RD-5256 was in the earlier stages of leprosy, or had not been experiencing 

symptoms long enough for pathognomonic bone change to occur (Lewis et al. 1995). 

However, because there are no bony alterations pathognomonic of leprosy, it is only 

appropriate to conclude that RD-5256 experienced a widespread, non-specific, 

inflammatory reaction in the lower limbs (Lewis et al. 1995). As it appears that the 

diffuse inflammation was active, it is likely that this would have resulted in swelling, 

redness, heat, and pain while the infection was active (Amft et al. 2008), which would 

have affected locomotion and restricted normal participation in daily activities. 
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20  �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K 

20.1 Qualitative comparison of palaeopathological analysis 
Pathological but non-physically impairing lesions observed by the current 

author in the random sample of 30 individuals were mentioned specifically by previous 

researchers in the osteological recording forms (e.g. osteochondritis dissecans in the 

right distal femur in SPC-579, fused sacroiliac joints in SPC-870, OA of the cervical 

spine in SPC-977, lipping of the left talus and navicular and spondylolysis in SPC-

1922). Pathological alterations which were possibly physically impairing noted by the 

current author were also mentioned specifically in the previous osteological recording 

forms (e.g. swelling and irregular PNB growth on the right and left tibiae and fibulae in 

SPC-1876, and restrictive hip OA in SPC-2801). Some pathological but non-physically 

impairing lesions which were noted by the current author were not mentioned on the 

previous osteological recording forms (e.g. OA of the left distal radius in SPC-1176, 

two ankylosed foot phalanges in SPC-1183, OA of the thoracic vertebrae in SPC-

1263). Although not all pathological alterations noted by the current author were 

specifically mentioned in the original osteological recording forms, none of the 

alterations that were omitted would have been physically impairing, and the original 

researcher was generally recording with much more detail than the current author due 

to the comprehensive nature of their analysis. Thus, the previous palaeopathological 

�D�Q�D�O�\�V�L�V���Z�D�V���F�R�P�S�U�H�K�H�Q�V�L�Y�H���D�Q�G���G�L�G���Q�R�W���G�L�I�I�H�U���V�L�J�Q�L�I�L�F�D�Q�W�O�\���I�U�R�P���W�K�H���F�X�U�U�H�Q�W���D�X�W�K�R�U�¶�V��

analysis. 

 

20.2 Detailed differential diagnoses 

20.2.1 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��585 

 SPC-585 was an older adult male (although the current author recorded SPC-

585 as a middle adult male). Descriptions of the pathological changes observed in 

SPC-585 are provided in Table 20.1. 
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Table 20.1- Descriptions of pathological alterations observed in SPC-585. 

Bone Description 

Occipital 

- Large, somewhat ovular perforation on R side over the lambdoid suture 
(c.19mm x 19mm) (Figure 20.1)�Æ perforates both inner and outer table 

- Margins of the perforation are sharp (some post-mortem damage) 
- Perforation on inner table is much larger than perforation on outer table (Figure 

20.2)�Æ not possible to measure the dimensions of the inner table perforation  
- Margins of inner perforation are also sharp 
- Trabecular remodelling of the diploe between internal and external 

perforations 

R parietal 

- Smaller, irregularly shaped perforation (c.9mm x 6mm) (Figure 20.3) 
- Inner table perforation is much larger than outer table perforation 
- Trabecular remodelling in the diploe between perforations 
- Inner and outer lesions have sharp edges (there is post-mortem damage on 

the external lesion 

R pelvis 
- Fragment of superior ramus and superior part of the acetabulum is present 
- Several large, smoothed out cavities in trabecular bone surrounding the 

superior rim of the acetabulum (Figure 20.4) 
  

Although the x-rays were not located, notes on the original osteological 

recording form (form number 265) state the following:  

 

�³�;-ray reading: radiolucency humeral head, manubrium, and ilium confirming appearance of 

metastases or multiple myeloma. Femoral cortex very radio-opaque with appearance of high 

�E�R�Q�H���W�X�U�Q�R�Y�H�U�����Q�R�W���K�\�S�H�U�S�D�U�D�W�K�\�U�R�L�G�L�V�P���´���� 
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Figure 20.1- Large, sharp-edged perforation on the occipital bone of SPC-585. Produced with kind 

permission of English Heritage. 

 
Figure 20.2- Large, sharp-edged perforation of the occipital bone of SPC-585 (internal view). Note 
that the inner table perforation is larger than the outer table perforation. NB: It was not possible to 

place scale inside the cranium. Produced with kind permission of English Heritage. 
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Figure 20.3- Sharp-edged perforation of the right parietal bone of SPC-585. Produced with kind 

permission of English Heritage. 

 
Figure 20.4- Large, smoothed out and remodelled cavities in the right pelvis of SPC-585 (superior to 
the superior edge of the acetabulum, lateral from the superior ramus). Produced with kind permission 

of English Heritage. 
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Differential diagnoses for the pathological alterations observed in SPC-585 

include osteomyelitis, LCH (Section 22.10), TB, multiple myeloma (Section 22.11), and 

metastatic carcinoma (Section 22.11). Osteomyelitis can affect the skull, and usually 

results in lytic lesions with irregular margins that have a moth-eaten appearance 

(Kaufman et al. 1997). Although the edges of the lesion in SPC-585 were irregular, the 

moth-eaten appearance was not observed, making osteomyelitis a less likely 

diagnosis for SPC-585. LCH is also a less likely diagnosis as the margins observed in 

SPC-585 were not bevelled, nor was the lesion of the outer table larger than the lesion 

of the inner table (Ortner 2003: 362; Colombo et al. 2015).  

TB can affect the skull, and tuberculous cranial lesions most frequently occur in 

the frontal bone followed by the parietal, occipital, and temporal bones (Klaus et al. 

2010). Lesions affect both the inner and outer table, but lytic destruction is more 

extensive on the inner table (Hackett 1976: 73-74), as observed in SPC-585. The 

entire spine was present and none of the vertebrae demonstrated any evidence of 

pathological alterations typical of TB. Thus, while this disease remains a possible 

diagnosis, it seems unlikely that only the skull would be affected and not the spine, 

which is most common (Resnick 2002l). 

Multiple myeloma and metastatic carcinoma (see Section 22.11) are the final 

differential diagnoses for the alterations observed in the skull of SPC-585. These two 

diseases are difficult to distinguish in archaeological material as the lesions can be 

similar in appearance and affect similar areas of the skeleton (Steinbock 1976: 388; 

Ortner 2003: 377). Table 20.2 presents Strouhal�¶�V (1991) summary of various ways to 

differentiate between these two diseases in archaeological bone. Observations of 

SPC-585 are included to determine with which disease the pathological alterations are 

more consistent. 

 

 

 

 

 

Table 20.2- Methods of differentiating multiple myeloma from metastatic carcinoma in dry bone 
including observations from SPC-585. Source: Strouhal (1991: 223). 
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Feature Multiple myeloma Metastatic carcinoma SPC-585 

Density of lesions 
High density with 

numerous, scattered foci 
throughout skeleton 

Less numerous and 
more localised 

Large, localised 
lesions 

Lesion outline Regularly round (circular 
to slightly oval) 

Irregular with 
denticulations and 

scalloping 

Irregular with 
scalloped 

edges 

Lesion size 

Consistent: small to 
medium (up to several 

millimetres) except when 
foci coalesce 

Variable size: small to 
large (up to several 

centimetres) 

One large, one 
small 

Lesion edges Sharp, punched-out, bored Scalloped, 
denticulated, craggy 

Sharp, 
scalloped, 

craggy 
Radiographic 
appearance 

Sharply delimited areas of 
lucidity 

Obscure, cloudy, 
moth-eaten areas N/A 

Bone surrounding 
lesions No pathological change Pitting with further 

small apertures 
No pathological 

change 
Osteoblastic 

reaction around 
lesions 

Non-existent or extremely 
mild Slight or significant None 

Skeletal 
distribution 

Scapula (glenoid cavity, 
lateral border, acromion); 

lateral clavicle; radius; 
ulna 

Neural arches of 
vertebrae and 

processes 
Skull 

Sex distribution Males affected more than 
females 

Expected to occur 
more commonly in 

females 
Male 

  

Based on the above table, the lesions observed in SPC-585 better match with 

lesions caused by metastatic carcinoma. Marks and Hamilton (2007) note that the 

margins of lesions in metastatic carcinoma are usually turned up and surrounded by 

osteoblastic activity. There is a slight turn up of the margins observed in SPC-585, 

however it is not as obvious as observed in other dry bone samples, nor was there 

any evident bone deposition (Marks and Hamilton 2007). Therefore, it is possible that 

SPC-585 was in an earlier stage of metastasis at the time of death.  

 The pathological alterations observed in the right pelvis are difficult to analyse 

due to the taphonomic damage to most of the bone. The smoothed, remodelled 

cavities present superior to the acetabulum are reminiscent of cystic lesions. However, 

with a probable diagnosis of metastatic carcinoma from the cranial lesions, this 

condition must be considered as well. The pelvis is often affected in skeletal 

metastasis which can result in purely lytic lesions, purely osteoblastic lesions, or a 

mixture of the two (Resnick 2002v). As the multiple cavities in SPC-585 are lytic, 
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metastatic carcinoma must remain a possible diagnosis. However, it is also possible 

that SPC-585 had some sort of cyst.  

Simple unicameral bone cysts occur in the tubular bones 90-95% of the time, 

specifically in the metaphyseal region, and generally consist of a single chamber 

(Aufderheide and Rodríguez-Martín 1998: 390). Therefore, an ABC is a better 

diagnosis for the alterations observed in SPC-585 as they are more common in non-

tubular bones (Resnick 2002w) and have multi-loculated osteolytic lesions 

(Aufderheide and Rodríguez-Martín 1998: 390). 

Symptoms associated with ABCs can include local pain, increased 

temperature, swelling, and limited movement of adjacent articulations (Resnick 

2002w). Although there is not a large amount of data on the clinical symptoms of the 

specific cyst that SPC-585 may have had in the right pelvis, the location of a cyst in 

the pelvis near the articulation with the femur can cause possible functional restrictions 

(Murphy et al. 1982; Cisneros et al. 1985; Capanna et al. 1986). Thus, if SPC-585 did 

have a pelvic bone cyst, he may have been restricted from normal participation in 

some economic and social activities by pain, limited range of motion of the hip, and a 

noticeable limp.  

 As explained above, the cranial lesions (and possibly the pelvic lesions) are 

probably due to metastatic carcinoma. The symptoms accompanying skeletal 

metastases are discussed in more depth in Section 22.11, but metastases of the skull 

can cause pain, swelling, and compression of dural sinuses and cranial nerves which 

can result in subsequent impairment (Stark et al. 2003). If the osteolytic lesions in the 

pelvis were caused by metastatic carcinoma, symptoms would probably be similar to 

those of ABC including pain, functional impairment, and possible limp (Coleman 2006). 

Finally, hypercalcemia is one of the most common clinical symptoms of metastatic 

carcinoma and can cause fatigue, anorexia, gastrointestinal/kidney/renal/central 

nervous system dysfunction, and deterioration of mental functioning (Coleman 2001; 

2006). While SPC-585 may not have been visually distinctive (there were no skeletal 

deformities observed), it is likely that normal participation in social and economic 

activities would have been limited if he was experiencing bone pain, central nervous 

system dysfunction, mental deterioration, and fatigue. As discussed in more detail in 

Section 10.2.2.5 in Volume 2, it is likely that these physically impairing sequelae 
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occurred towards the end of his life, and SPC-585 may have required external care-

giving to ensure survival in the months preceding his death.  

 

20.2.2 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��893 

 SPC-893 was an adult of indeterminate sex and only the right and left tibiae 

and a few of the right and left foot bones remain. Descriptions of the pathological 

changes observed in SPC-893 are provided in Table 20.3. 

 

Table 20.3- Descriptions of pathological alterations observed in SPC-893. 

Bone Description 

R/L tibiae 
- Striated compact and porous new bone deposition on the distal ends  
- Osteophytic lipping of the distal articular surfaces (Figure 20.5) 

L fibula 
- No obvious PNB formation on large fragment present 
- Osteophytic lipping of articular surface for talus (Figure 20.6) 

R foot 

- Talus and calcaneus are extremely brittle and friable 
- Talus and calcaneus completely ankylosed via diffuse, spiky, reactive bone 

(medial side much more affected) (Figure 20.7) 
- Superior and lateral articular surfaces of talus appear normal 
- Cuboid is ankylosed to the calcaneus via slightly smoother compact bone 

(Figure 20.8) 
- Osteophytic lipping around articulation between the calcaneus and talus 

(Figure 20.9) 
- Diffuse porous new bone deposition throughout calcaneal body 

L foot 

- Only the talus remains 
- Superior and lateral articular surfaces of talus appear normal 
- Spiculated bone attached to inferior articular surface of talus along with 

osteophytic lipping of the same surface�Æ indicates that there was ankylosis 
of the talus and calcaneus as well (Figure 20.10) 
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Figure 20.5- Porous and more compact PNB deposition on the distal end of the left tibia of SPC-893. 

Note the osteophytic lipping of the articular surface for the talus. Produced with kind permission of 
English Heritage. 

 
Figure 20.6- Osteophytic lipping of the articular surface for the talus of the left distal fibula of SPC-

893. Produced with kind permission of English Heritage. 
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Figure 20.7- Complete ankylosis of the right talus and calcaneus of SPC-893 via spiky, reactive bone 

growth (lateral view). Produced with kind permission of English Heritage. 

 
Figure 20.8- Ankylosis of the right cuboid and calcaneus of SPC-893. Produced with kind permission 

of English Heritage. 
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Figure 20.9- Osteophytic lipping of the articulation between the right talus and calcaneus of SPC-893. 

Produced with kind permission of English Heritage. 

 
Figure 20.10- Osteophytic lipping of the inferior articular surface of the left talus of SPC-893. Note the 
spiculated bone attached suggesting ankylosis with the calcaneus. Produced with kind permission of 

English Heritage. 
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Differential diagnoses for the alterations observed in SPC-893 include 

talocalcaneal coalition, various joint diseases (Section 22.5), and non-specific 

infection. Talocalcaneal coalition, although infrequent (Resnick 2002a), is one of the 

most common types of tarsal coalition (Case and Burnett 2010), and occurs bilaterally 

in 50-60% of cases (Lemley et al. 2006), as observed in SPC-893. A bony bridge 

usually joins the talus and calcaneus on the medial side through the sustentaculum 

tali (Sarrafian and Kelikian 2011), while the remainder of the joints of the talus and 

calcaneus are unaffected (Case and Burnett 2010). Although the medial aspects of 

the right talus and calcaneus were fused, the remainder of the articular surfaces were 

affected and ankylosed as well, making talocalcaneal coalition an unlikely diagnosis 

for SPC-893. 

Although RA can result in bony ankylosis of tarsal bones and is generally 

bilateral, as observed in SPC-893, it is generally an erosive condition (Rogers and 

Waldron 1995: 63; Resnick 2002s). The reactive bone growth noted on the right/left 

talus and the right calcaneus therefore make RA a less likely diagnosis for SPC-893. 

AS causes peripheral articular involvement (Resnick 2002b), which can consist 

of reactive bone formation and ankylosis (Ortner 2003: 571). Although not common, 

the ankle can be affected, and PNB formation on the distal ends of the tibiae is 

frequent, as observed in SPC-893 (Resnick 2002b). Unfortunately, neither the spine 

nor pelvis were present, so bilateral sacroiliac fusion and syndesmophyte formation, 

which are typical of AS, could not be investigated (Resnick 2002b). Thus, AS must 

remain a possible diagnosis.  

 �5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�P�H���L�V���F�K�D�U�D�F�W�H�U�L�V�H�G���E�\���D�V�\�P�P�H�W�U�L�F�D�O���D�U�W�K�U�L�W�L�V���R�I���W�K�H���M�R�L�Q�W�V���R�I���W�K�H��

lower extremities, particularly the foot, ankle, and knee, which can result in bony 

ankylosis of the small joints (Resnick 2002r). Although the calcaneus is involved in 25-

���������R�I���F�D�V�H�V���R�I���5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�P�H�����L�Q�Y�R�O�Y�H�P�H�Q�W���L�V���X�V�X�D�O�O�\���F�K�D�U�D�F�W�H�U�L�V�H�G���E�\���H�U�R�V�L�R�Q�V 

on the posterior and posterosuperior aspects of the bone, and erosions and 

enthesophytes on the plantar surface of the bone (Resnick 2002r). None of these 

lesions were observed in SPC-893 (although there was some taphonomic damage). 

Irregular, fluffy, exuberant bone proliferation is common in the other tarsal bones, as 

is fluffy periostitis on the distal ends of the tibiae and fibulae (Resnick 2002r). The 

remainder of the foot bones, pelvis, and spine are all absent in SPC-893, and therefore 
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�F�D�Q�Q�R�W���E�H���X�V�H�G���W�R���F�R�Q�I�L�U�P���R�U���U�H�M�H�F�W���5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�P�H���D�V���D���G�L�D�J�Q�R�V�L�V����so it remains a 

possibility.  

PsA has many of the same �E�R�Q�\���D�O�W�H�U�D�W�L�R�Q�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�P�H��

(sacroiliitis, paravertebral ossification, intra-articular bony ankylosis, etc.) (Resnick 

2002q). While involvement of the calcaneus is common, this is usually characterised 

by erosion and proliferation on the posterior or inferior surface of the calcaneus 

(Resnick 2002q), which was not observed in SPC-893. The remainder of the foot 

bones, pelvis, and spine are all absent, and therefore cannot be used to confirm or 

reject PsA as a diagnosis. L�R�Z�H�U�� �O�L�P�E�� �L�Q�Y�R�O�Y�H�P�H�Q�W�� �L�V�� �P�R�U�H�� �I�U�H�T�X�H�Q�W�� �L�Q�� �5�H�L�W�H�U�¶�V��

syndrome than in PsA.  

 Finally, it is also possible that there was a non-specific infection of the feet 

(perhaps due to trauma that affected the bones of the feet that were not present). An 

infection may have resulted in bony ankylosis of the calcaneus and talus on both feet 

(and the cuboid on the right), which then spread up the lower limbs via the distal tibiae 

(as evidenced by the PNB growth on these bones). 

 Unfortunately, as only some bones of the lower limbs are available for analysis, 

the differential diagnosis for SPC-893 cannot be narrowed down any further. Although 

talocalcaneal coalition is an unlikely diagnosis for SPC-893, the functional impacts of 

the fusion of these two bones is appropriate to consider. Clinical symptoms associated 

with talocalcaneal coalition vary: while some individuals with this condition report no 

symptoms (19% of 52 patients) (Takakura et al. 1991), others report chronic pain 

which restricts the ability to walk and run, spasm of the peroneal muscles, planovalgus 

deformity, and a tender area on the medial calcaneus inferior to the medial malleolus 

of the tibia (Wilde et al. 1994). The pain can be diffuse or localised, usually in the 

subtalar joint, and inversion and eversion of the subtalar joint is limited (Lemley et al. 

2006). Thus, although the deformity of the feet would probably not have been 

noticeable to the surrounding community, locomotion may have been restricted by 

pain and limited range of motion, which may have affected SPC-�������¶�V�� �D�E�L�O�L�W�\�� �W�R��

participate normally in social and economic activities.  

If the ankylosis of the calcanei and tali was a consequence of another condition, 

such as AS �R�U�� �5�H�L�W�H�U�¶�V�� �V�\�Q�G�U�R�P�H���� �W�K�H�U�H��were probably other symptoms and the 

chances of physical impairment increase. AS is associated with clinical symptoms 

such as stiffness and pain in the lower back, pain similar to sciatica which radiates into 
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the lower limbs, spinal muscle spasm/atrophy, tenderness, restricted movement, and 

limited chest expansion (Resnick 2002b)���� �6�R�P�H�� �L�Q�G�L�Y�L�G�X�D�O�V�� �Z�L�W�K�� �5�H�L�W�H�U�¶�V�� �V�\�Q�G�U�R�P�H��

become asymptomatic, but others experience recurring impairing symptoms which 

can result in chronic disability (Fox et al. 1979) such as tenderness, back pain, 

stiffness, limited motion (spine and joints), swelling of joints, chronic diarrhoea, and 

ocular/urogenital/cardiac/cutaneous issues (Sairanen et al. 1969).  

If the alterations of the feet were caused by a trauma-induced non-specific 

infection, there may have been deformities of the feet and subsequent gait alteration. 

Non-specific inflammation of the lower legs and feet would also probably have resulted 

in swelling, redness, heat, and pain (Golding 1985; Amft et al. 2008) which would have 

affected locomotion. 

Thus, although the condition which affected SPC-893 cannot be determined, 

some possible functional impacts have been explored. No matter the cause, it is 

possible that the fusion of the ankle joints would have caused some pain and possibly 

limited range of motion, which would have led to an altered gait and restricted 

participation. If the pathological alterations were caused by a more comprehensive 

condition (such as AS or R�H�L�W�H�U�¶�V�� �V�\�Q�G�U�R�P�H��, other symptoms may have caused 

further physical impairment. 

 

20.2.3 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��976 

 SPC-976 was an older adult male (although the current author recorded SPC-

976 as a middle adult male). Descriptions of the pathological alterations observed in 

SPC-976 are provided in Table 20.4. 

 

 

 

 

 

 

Table 20.4- Descriptions of pathological alterations observed in SPC-976. 
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Bone Description 

R clavicle 
- Increased bone roughening and vascularity on lateral end 
- Some mild porous, spiculated new bone growth at medial end (Figure 

20.11) 
L clavicle - Not as affected as right, but overall increase in vascularity  

R scapula 
- Only fragment of area where scapular spine meets the blade present�Æ 

areas of spiculated hair-on-end (HOE) new bone formation (Figure 20.12) 
�Æ almost sunburst lesion 

L scapula 
- Spiculated new bone growth on fragments that remain 
- Spiculated new bone growth in area anterior to glenoid cavity (Figure 

20.13) 

Sternum - Entire anterior and posterior surface diffusely covered with rough, 
spiculated new bone formation (Figure 20.14) 

Ribs 

- All rib fragments affected 
- In general, non-visceral sides have increased vascularity (large pores) and 

the visceral sides have HOE spiculated bone growth (Figure 20.15)�Æ 
sunburst lesions 

Cervical 
vertebrae 

- Holes perforating the outer cortex of the lamina of vertebrae (Figure 20.16) 
- Two vertebrae are fused, probably C5 and C6 (Figure 20.16) 

Thoracic 
vertebrae 

- Of the 11 bodies present, two have evidence of spiculated bone growth 
(Figure 20.17) 

- The other nine have definite roughening of the body surface  
- Three neural arches present�Æ all have holes penetrating outer cortex of 

lamina  

Lumbar 
vertebrae 

- ?L1�Æ wedging of the body on R side 
- ?L2�Æ wedging of the body, has roughed body surface seen on all the 

lumbar vertebrae 
- L3�Æ fused to L4 (through neural arches), collapse of anterior superior 

surface of the body (Figure 20.18 and Figure 20.19) 
- L4�Æ taphonomic damage to body but looks similar to L5  
- L5�Æ disorganised roughness of body with some spiculated new bone 

growth (Figure 20.20) 

R pelvis 

- Diffusely covered in rough, disorganised, spiculated new bone which has 
HOE appearance in some places  

- Irregularly shaped cavities within the areas of spiculated new bone growth 
(possible lytic destruction or simply how the new bone formed)  

- Almost perfectly circular cavity within the spiculated HOE bone growth near 
the probable posterior inferior iliac spine 

L pelvis 

- Only a fragment of ischium present�Æ area of increased vascularity 
(macroporosity) and some evidence of spiculated new bone 

- Ilium�Æ diffusely covered in spiculated new bone growth, some of which 
has HOE appearance (Figure 20.21 and Figure 20.22)�Æ sunburst lesions 

Sacrum 
- Diffuse spiculated new bone across entire anterior and posterior surfaces 

(Figure 20.23) 
R femur - Increased vascularity (macroporosity) around the lesser trochanter  

L femur 
- Increased vascularity (macroporosity) of the proximal shaft  
- Spiculated new bone around lesser trochanter (Figure 20.24) 

L tibia - Slight vascular expansion of an area of shaft�Æ some striated new bone 
growth and some porous new bone growth 
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Figure 20.11- Increased vascularity and porous, slightly spiculated new bone growth on the lateral 

end of the right clavicle of SPC-976. Produced with kind permission of English Heritage. 

 
Figure 20.12- Spiculated, HOE new bone growth inferior to the blade of the right scapula of SPC-976. 

Produced with kind permission of English Heritage. 
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Figure 20.13- Porous and spiculated new bone growth in the area anterior to the glenoid cavity of the 

left scapula of SPC-976. Produced with kind permission of English Heritage. 

 
Figure 20.14- Diffuse, spiculated new bone growth on the anterior surface of the sternum of SPC-976. 

Produced with kind permission of English Heritage. 
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Figure 20.15- Spiculated, HOE new bone growth on the visceral surface of a rib fragment of SPC-976. 

Produced with kind permission of English Heritage. 

 
Figure 20.16- Ankylosis of ?C6 and ?C7 of SPC-976 with perforations in the outer cortex of the 

laminae. Produced with kind permission of English Heritage. 
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Figure 20.17- Spiculated new bone growth on the bodies of two thoracic vertebrae of SPC-976. 

Produced with kind permission of English Heritage. 

 
Figure 20.18- Compression of the anterosuperior surface of L3 of SPC-976. Produced with kind 

permission of English Heritage. 
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Figure 20.19- Fusion of L3 and L4 of SPC-976 through the neural arches. Note the rough, slightly 

spiculated cortical surface of both bodies. Produced with kind permission of English Heritage. 

 
Figure 20.20- Disorganised, slightly spiculated new bone growth on the body of L5 of SPC-976. 

Produced with kind permission of English Heritage. 
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Figure 20.21- Spiculated, HOE new bone growth on a fragment of the left pelvis of SPC-976. 

Produced with kind permission of English Heritage. 

 
Figure 20.22- Spiculated, HOE new bone growth on the lateral surface of the left ilium of SPC-976, 

just superior to the greater sciatic notch. Produced with kind permission of English Heritage. 
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Figure 20.23- Diffuse, spiculated new bone growth across the anterior surface of the sacrum of SPC-

976. Produced with kind permission of English Heritage. 

 
Figure 20.24- Porous, spiculated new bone growth around the lesser trochanter of the left femur of 

SPC-976. Produced with kind permission of English Heritage. 
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Differential diagnoses for the pathological alterations observed in SPC-976 

include malignant neoplastic conditions including osteosarcoma and metastatic 

carcinoma. Osteosarcoma is twice as likely in males than females and generally 

manifests in the second to third decade of life (Resnick 2002w). Osteosarcomas most 

commonly occur in the long bones, specifically the distal femur, proximal tibia, and 

proximal humerus, and are rare in the spine and pelvis (Resnick 2002w). Osteoblastic 

processes frequently result in a cumulus cloud appearance, although sunburst lesions, 

as observed in SPC-976, are also possible (Resnick 2002w). Osteosarcomas can 

affect multiple skeletal elements in an individual (multicentric osteosarcoma) but this 

is extremely rare (only 1.5% of osteosarcomas) (Corradi et al. 2011). As the 

distribution of the osteoblastic and osteolytic lesions in the axial skeleton of SPC-976 

does not match with the typical appendicular distribution of osteosarcomas, this 

remains a less likely diagnosis. 

 Metastatic carcinoma is discussed in more detail in Section 22.11, but the axial 

distribution and the characteristics of the osteolytic and osteoblastic lesions observed 

in SPC-976 match well with this disease. Skeletal metastases usually manifest as 

osteolytic lesions except in cases of prostatic carcinoma, and, much more rarely in 

gastric and bronchial carcinomas, carcinoid tumour of the lung, bone lymphoma, or 

medulloblastoma (Wakely et al. 1995). Osteoblastic skeletal metastases can cause 

periosteal reaction including the HOE sunburst lesions that were evident throughout 

SPC-976 (Resnick 2002w). Spiculated sunburst lesions are most common in 

malignancies of prostatic carcinoma, gastrointestinal malignancies, retinoblastoma 

and neuroblastoma (Resnick 2002w). As skeletal metastases are most common in 

prostatic carcinoma, and because this condition tends to be purely osteoblastic with 

little evidence of bone destruction (Ortner 2003: 535), this is probably the most likely 

diagnosis for SPC-976. Ghabili et al. (2016) provide a comprehensive list of 

palaeopathological studies of cases of probable metastatic carcinoma of the prostate 

for comparison. 

The clinical symptoms of metastatic carcinoma are discussed in more detail in 

Section 22.11 and can include bone pain, functional instability, and hypercalcemia 

which can cause fatigue, anorexia, gastrointestinal/kidney/renal/central nervous 

system dysfunction and a deterioration of mental functioning (Coleman 2001; 2006). 

Symptoms specific to metastatic prostatic carcinoma include fatigue, pain (bone and 

nerve), urinary issues (incontinence, blood in urine, problems urinating), bowel issues 
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(constipation, diarrhoea, faecal urgency, faecal incontinence, bowel obstruction), and 

sexual issues (Anon 2017). While SPC-976 may not have been visually distinctive 

(there were no skeletal deformities observed), it is likely that participation in normal 

social and economic activities would have been limited if they were experiencing bone 

pain, fatigue, mental deterioration, and incontinence. As discussed in more detail in 

Section 10.2.2.5 in Volume 2, it is likely that these physically impairing sequelae 

occurred towards the end of his life, and SPC-976 may have required external care-

giving to ensure survival in the months preceding his death.  

 

20.2.4 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��1068 

20.2.4.1  Right hand 

 SPC-1068 was an older adult female (although the current author recorded 

SPC-1068 as a middle adult female). There is severe osteophytic lipping on the 

anterior aspect of the distal joint surface of the right radius along with eburnation and 

macroporosity. The carpals of the right hand have completely ankylosed - there are 

recognisable features of the scaphoid, hamate, capitate, and trapezium, and, due to 

the size of the ankylosed bony unit, it is likely that the rest of the carpals are present 

as well (although the presence of the pisiform is indeterminate) (Figure 20.25). The 

left MC2 is fused with the carpal unit, while the remaining metacarpals are not. There 

is evidence of osteophytic lipping on the proximal end of MC3, perhaps suggesting 

that ankylosis was in progress. There is eburnation present on the proximal end of the 

carpal unit (possibly on the lunate), along with some macroporosity and irregularly 

shaped lytic lesions, potentially indicative of infection (Figure 20.26).  
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Figure 20.25- Complete ankylosis of the right carpals and MC2 of SPC-1068, also showing placement 

of MC3 and MC4 (palmar view). Produced with kind permission of English Heritage. 

 
Figure 20.26- Proximal end of the right hand carpal mass of SPC-1068 showing complete fusion, 

macroporosity, and irregularly shaped lytic lesions. Produced with kind permission of English 
Heritage. 

 

Acquired (non-congenital) bony ankylosis of the carpals can be caused by 

various conditions including, but not limited to, infection, septic arthritis (Section 

22.5.7), various joint diseases (Section 22.5), and trauma (Kacki 2013). Eight right 

manual phalanges (four proximal, three intermediate, one distal), four left metacarpals, 

and four left proximal manual phalanges were available for analysis and appeared 

normal. The lack of erosive or proliferative lesions in the hands suggests that erosive 
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OA (Resnick 2002c) and gout (Resnick 2002f) �D�U�H�� �O�H�V�V�� �O�L�N�H�O�\�� �G�L�D�J�Q�R�V�H�V���� �5�H�L�W�H�U�¶�V��

syndrome can result in bony ankylosis, but more commonly affects the lower limbs 

(Resnick 2002r), and is therefore a less likely diagnosis.  

In PsA, bony ankylosis is common at the MCP joints (Waldron 2009: 64) (as 

observed in SPC-1068), the PIPs and the DIPs, and fusion of the carpals can occur, 

although wrist abnormalities are uncommon in the absence of digit involvement 

(Resnick 2002q). While PsA remains a possible diagnosis for SPC-1068, it is perhaps 

less likely, as there was no evidence of erosive or proliferative lesions in the manual 

phalanges. 

Although it is uncommon in RA, involvement of the wrist can occur at the 

beginning of the disease without digit abnormalities (Resnick 2002s), and ankylosis of 

the small joints of the wrist can occur, although it is infrequent (Leden et al. 2012). 

Therefore, RA is a possible diagnosis for SPC-1068.  

Septic arthritis can also cause bony ankylosis of affected joints (Ortner 2003: 

222), and cannot always be differentiated from ankylosis due to trauma (Ortner 2003: 

132). Both of these remain possible diagnoses for the alterations observed in the right 

hand of SPC-1068. The large osteophyte on the anterior aspect of the distal end of 

the right radius could be indicative of adaptative and stabilising bone growth due to a 

slightly altered wrist articulation caused by a traumatic injury. Without a more complete 

skeleton with pathological alterations more consistent with a specific condition, it is not 

possible to determine the cause of the carpal fusion of the right wrist, but RA, septic 

arthritis, and trauma remain possible diagnoses. 

 

20.2.4.2  Vertebrae 

There is a unit of three vertebrae (probably T11-L1) which have fused through 

the left sides of the bodies and through the zygapophyseal joints (Figure 20.27). The 

right sides of the bodies are absent, so it cannot be determined whether the vertebrae 

were also fused through the right side. The trabecular bone of the three vertebrae is 

exposed and there does not appear to be retention of the intervertebral disc space 

(Figure 20.28). There is some reactive but relatively smooth new bone growth on the 

anterior surface of the unit where the most superior vertebra and middle vertebra have 

fused (Figure 20.29). There is some collapse of the anterior aspect of the most 

superior vertebrae. There is also osteophytic lipping of the inferior and superior 
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aspects of the bodies of what are probably L2 and L3, and some osteophytic lipping 

and new bone growth on the superior zygapophyseal joints of L5.   

 
Figure 20.27- Ankylosis of ?T11-L1 of SPC-1068. Produced with kind permission of English Heritage. 

 
Figure 20.28- Exposure of trabecular bone of ?T11-L1 of SPC-1068 revealing the lack of retention of 

the intervertebral disc space. Produced with kind permission of English Heritage. 
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Figure 20.29- Ankylosis of ?T11-L1 of SPC-1068. Note the slightly reactive new bone formation on 
the anterior surface of T11-T12, and the slight collapse of the anterior aspect of T11 (anterior view). 

Produced with kind permission of English Heritage. 

 

The differential diagnoses for the vertebral alterations observed include TB, 

trauma with non-specific infection, and, considering the articular abnormalities of the 

right wrist, RA. TB is a less likely diagnosis as ankylosis usually occurs in response to 

vertebral collapse, which was minimal in SPC-1068. RA can cause alterations of the 

spine (although cervical involvement is much more frequent than thoracic), and results 

in narrowing of the intervertebral disc space, irregularity of the vertebral body margins, 

and sclerosis (Resnick 2002s). Vertebral collapse (Shichikawa et al. 1978) and 

ankylosis (Bywaters 1981) have been noted in clinical studies of patients with RA. It is 

also possible that there was a traumatic injury to the thoracic vertebral unit of SPC-

1068 (slight compression fracture of T11?) which instigated stabilising ankylosis, and 
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an associated non-specific infection could have resulted in the slightly reactive bone 

growth on the anterior aspects of the vertebral unit. 

 

20.2.4.3  Right hip 

There is deformation of the right femoral head with inferior and medial 

slippage/displacement (Figure 20.30). There is thick osteophytic lipping on the medial 

and posterior aspects of the femoral head. Although most of the cortical bone on the 

femoral head is no longer present, there is eburnation evident on the small fragments 

that do remain. There is severe enlargement of the right acetabulum and diffuse 

probable lytic destruction (along with taphonomic destruction) of the joint surface 

(Figure 20.31). There are several large, round cavitations with evidence of internal 

trabecular remodelling. There is osteophytic lipping of the acetabulum, and porous 

and compact irregular PNB formation on the areas of the ilium surrounding the 

acetabulum (Figure 20.32). There is eburnation and osteophytic lipping of the left 

femoral head and acetabulum, and osteophytic lipping of the left patella and the distal 

joint surface of the left femur.  

 
Figure 20.30- Inferior and medial slippage/displacement of the right femoral head of SPC-1068 

(anterior view). Note the thick osteophytic lipping on the inferior aspect of the deformed femoral head. 
Produced with kind permission of English Heritage. 
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Figure 20.31- Enlargement and diffuse probable lytic (and taphonomic) damage of the right 

acetabulum of SPC-1068. Produced with kind permission of English Heritage. 

 
Figure 20.32- Porous and compact irregular new bone growth on the right ilium of SPC-1068. 

Produced with kind permission of English Heritage. 



 

320 
 

The differential diagnoses for the pathological alterations of the right hip include 

congenital hip dysplasia (Section 22.6.3), septic arthritis, RA, LCP disease (Section 

22.6.1), and SCFE (Section 22.6.2). Although the deformed femoral head of SPC-

1068 was mushroom shaped, it articulated with a regular (flattened and widened) 

acetabulum rather than a false acetabulum, thus excluding congenital hip 

dysplasia/dislocation (Mitchell and Redfern 2008). 

Septic arthritis of the hip is commonly found in infants and children and can 

result in loss of joint space, subchondral osseous defects, and dislocation of the 

femoral head with residual deformity (Resnick 2002k). The PNB growth on the pelvis 

is indicative of a possible infection, and the large lytic cavities in the acetabulum may 

be evidence of subchondral osseous defects as might be expected from septic 

arthritis. Therefore, septic arthritis remains a possible diagnosis for the pathological 

alterations observed in the right hip. 

RA of the hip joint can occur and is usually bilateral and symmetrical (Resnick 

2002s). Osseous erosions and cysts are common, as observed in the acetabulum of 

SPC-1068, and osteophytosis, and osteonecrosis of the femoral head with subsequent 

collapse may also occur (Resnick 2002s). Displacement of the femoral head in cases 

of RA is usually axial (superomedial along the axis of the femoral neck) or superior, 

rather than inferomedial as observed in SPC-1068 (Resnick 1975). This, along with 

the fact that involvement of the hip was unilateral, indicates that RA is a less likely 

diagnosis for SPC-1068.  

 SCFE remains a possible diagnosis for SPC-1068, because there is some 

inferior displacement of the most medial part of the femoral head (Ortner 2003: 347), 

but not a considerable inferior shift of the entire femoral head with respect to the 

femoral neck as might be expected. LCP disease results in a mushroom-shaped 

femoral head and shortening and thickening of the femoral neck (Aufderheide and 

Rodríguez-Martín 1998: 84; Resnick 2002i; Ortner 2003: 346). This condition can be 

difficult to distinguish from SCFE if osteoarthritic changes have manifested (i.e., the 

osteophytic lipping on the inferior aspect of the femoral head of SPC-1068) (Berger et 

al. 2017). The mushroom-shaped femoral head of SPC-1068 and shortened/thickened 

femoral neck make LCP disease with subsequent secondary osteoarthritic changes a 

probable diagnosis for SPC-1068, although this may be difficult to differentiate from a 

mild SCFE.  
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 As there were no pathological alterations to the digits of the hands, the 

displacement of the femoral head was inferomedial rather than axial or superior, and 

hip involvement was unilateral instead of bilateral, RA as a diagnosis to explain all of 

the pathological alterations (wrist, hip, vertebrae) is less likely. Unconnected trauma 

to the right wrist, possible trauma and infection of the thoracic spine, and deformation 

of the right hip (due to LCP disease or SCFE) are more likely to explain the 

pathological alterations observed in SPC-1068. Although the diagnoses for these 

changes are not definitive, the functional impacts of the osseous alterations can be 

discussed. 

In a clinical study which investigated the effects of carpal fusion on 61 patients 

who had experienced traumatic brachial plexus injury, fusion of the wrist led to 

increased joint stability (97%) and improved use of the affected hand (80%) (Terzis 

and Barmpitsioti 2009). Obviously, SPC-1068 did not have access to a surgical wrist 

arthrodesis, however it is possible that the functional impacts described by patients 

who have undergone wrist fusion can be applied. It should therefore not be assumed 

that the pathological alterations observed in the right wrist of SPC-1068 were 

definitively disabling. However, they have may have caused stiffness or limited range 

of motion of the joints (which may have been exacerbated by the large anterior 

osteophyte on the distal end of the radius), which might have negatively impacted 

normal participation in some social and economic activities.  

The functional impacts of SCFE are discussed in more depth in Section 22.6.2, 

but can include pain in the hip, knee, and thigh, limping, and limited range of motion 

(Boyer et al. 1981; Carney and Weinstein 1996). The functional impacts of LCP 

disease are similar to those of SCFE, with temporary or persistent limping, pain, and 

limitation of joint movement (lack of abduction and internal rotation) (Resnick 2002i), 

but individuals tend to have minimal pain and a mild limp (Gower and Johnston 1971). 

Thus, although the functional impacts of patients with femoral head deformation vary, 

it is reasonable to assume that SPC-1068 experienced some pain, and at least a mild 

limp, which may have been visually distinctive, and may have restricted normal 

participation in daily activities.  

20.2.5 St. Pet�H�U�¶�V���&�K�X�U�F�K��1103 

 SPC-1103 was an older adult male. There is a considerable indentation at the 

distal end of the left radius where the ulnar notch is located (Figure 20.33). The ulnar 
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�Q�R�W�F�K���K�D�V���E�H�H�Q���L�Q�W�H�U�Q�D�O�O�\���G�L�V�S�O�D�F�H�G���V�R���W�K�D�W���W�K�H���D�U�W�L�F�X�O�D�U���V�X�U�I�D�F�H���L�V���³�S�X�V�K�H�G�´���L�Q�Z�D�U�G�V��

towards the lateral side of the bone, and the distal end of the facet has been angled in 

towards the bone (Figure 20.34). When the left distal ulna and radius are articulated, 

the anterior and posterior borders of the ulnar notch surface project out, creating sharp 

ridges between the margins of the ulnar notch and the head of the ulna. There is also 

eburnation and macroporosity of the ulnar notch. There is a flattening of the head of 

the ulna along with osteophytic lipping and eburnation (Figure 20.35). 

 For articulation of the left radius and ulna to be possible, the distal end of the 

radius has to be in a partially pronated position (Figure 20.36). It is probable that the 

joint would have been fixed in this position, as the edges of the ulnar notch are sharp 

and lipped, indicating that there was no movement of the head of the ulna over these 

ridges. In addition, it is impossible to properly articulate the proximal and distal ends 

of the radius and ulna if the radius is in a fully supinated position. 

 There are no obvious size differences between the left and right claviculae, 

radii, ulnae, MC1s, MC3s, MC4s, or MC5s. There is OA of the right and left 

acromioclavicular joints and of the right sternoclavicular joint. There is eburnation of 

the left humeral head.  

 There is also a well-aligned and well-healed fracture of the distal end of the left 

tibia, which is unlikely to have caused any shortening of the bone, and six well-healed 

rib fractures. 

 
Figure 20.33- Inward displacement and angling of the ulnar notch of the left radius of SPC-1103 

(anterior view). Produced with kind permission of English Heritage. 
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Figure 20.34- Inward displacement and angulation of the ulnar notch of the left radius of SPC-1103 
(medial view). Note the eburnation and macroporosity of the articular surface. Produced with kind 

permission of English Heritage. 

 
Figure 20.35- Flattening and loss of convexity of the ulnar head of SPC-1103. Produced with kind 

permission of English Heritage. 
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Figure 20.36- Articulation of the left radius and ulna of SPC-1103 requiring pronation of the radius. 

Produced with kind permission of English Heritage. 

 

Although there are no obvious signs (i.e., callus formation, fracture line), it is 

likely that a traumatic injury altered the articulation between the distal left radius and 

ulna. As mentioned above, because of the shape of the joint, it is unlikely that rotation 

of the forearm was possible, suggesting that it was fixed in a partially pronated 

position. Although this fixation was not caused by congenital radioulnar synostosis, 

the functional impacts of this condition can be considered. Patients with congenital 

radioulnar synostosis with the forearm fixed in pronation struggle with various daily 

activities, including holding small objects, dressing themselves, feeding themselves, 

and participating in activities that require upper limb dexterity (Simmons et al. 1983). 

It is therefore likely that SPC-1103 would have experienced difficulties with similar 

activities, and movement of the left forearm arm may have been visually distinctive.  

 

20.2.6 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��1109 

 SPC-1109 was an adult male (although the current author recorded SPC-1109 

as an adult of indeterminate sex) and only the right lower limb was present. There is 

an increase in the diameter of the distal end of the right fibula and deformation in the 

shape of the shaft (Figure 20.37). On the medial surface, the cortical bone has been 

disrupted and the surface texture is very irregular and uneven (Figure 20.38). On the 

lateral side there is a large ovular perforation with rounded edges, which is probably a 

cloaca (Figure 20.39). When the right tibia, fibula, and talus are articulated, it is clear 

that the angle of the ankle joint was not largely compromised by the alterations to the 

right fibula (Figure 20.39). 
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Figure 20.37- Increased diameter and deformity of the distal end of the right fibula of SPC-1109. 

Produced with kind permission of English Heritage. 

 
Figure 20.38- Uneven, irregular surface texture of the medial aspect of the distal end of the right fibula 

of SPC-1109. Produced with kind permission of English Heritage. 

 
Figure 20.39- Articulation of the right fibula, tibia, and talus of SPC-1109. Produced with kind 

permission of English Heritage. 
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The cloaca observed on the lateral surface of the distal right fibula is indicative 

of osteomyelitis (Resnick 2002k; Roberts and Manchester 2010: 169) (Section 22.1). 

The source is unclear, but it is possible that there was a traumatic injury and secondary 

infection, or perhaps direct implantation (i.e., a puncture wound). As the margins of 

the cloaca are thick, smooth, and rounded, it can be surmised that SPC-1109 

experienced chronic osteomyelitis. The clinical features of osteomyelitis are discussed 

in more detail in Section 22.1, but can include chronic pain, continuously draining sinus 

tracts, malaise, and fever (Waldvogel et al. 1970; Panteli and Giannoudis 2017). While 

in modern populations osteomyelitis causes intermittent reoccurrence of pain and 

swelling in the affected bone (Waldvogel et al. 1970), it is possible that the lack of 

antibiotics meant that the lesion observed in SPC-1109 was a much more regular 

feature in daily life. It is likely that SPC-1109 lived with an often painful, swollen, tender, 

and draining right ankle, which would probably have led to favoured use of the left, 

lower limb. This may have resulted in a limp that was visually distinctive, and it is also 

likely that an abnormal gait and the inability to use the right leg with full efficiency would 

have negatively affected SPC-1109 in terms of normal participation in social and 

economic activities.   

20.2.7 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��1268 

 SPC-1268 was a middle adult male. There was diffuse, relatively well-

integrated PNB growth in the right/left humeri, the right/left pelvic girdle, and in the 

right/left lower limbs. The distribution of the PNB is described in Table 20.5. 

 

Table 20.5- Description of the pathological alterations observed in SPC-1268. 

Bone Description 

R humerus 

- Smooth PNB with pores in the surface that is relatively well integrated into 
cortex on posterior midshaft  

- Some areas are a bit striated, some have large pores, and some are fully 
smoothed over  

- Small amount of PNB on medial midshaft and around deltoid tuberosity 

L humerus 
- Small area of smooth PNB which is well-integrated and mostly smoothed 

over�Æ medial and posterior aspects of midshaft 
- Much less obvious than on the R  

R/L pelves 
- Area of increased vascularity (i.e. large pores in cortical bone structure) on 

lateral aspect of ilium (just above the posterior superior crest) 
- Much more obvious on R 

Sacrum 
- Irregular, disorganised PNB on anterior surface of sacrum on S1-S3�Æ 

relatively compact with no areas of obvious porosity (Figure 20.40) 
R femur - Diffuse PNB across entire shaft 
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- Posterior, medial, lateral surfaces�Æ smooth, striated, well-integrated�Æ 
gives almost lumpy texture  

- Anterior surface�Æ striated, slightly more porous (maybe more active?) 
(Figure 20.41) 

L femur 

- Smooth PNB across entire shaft 
- Most areas area well integrated but there is some evidence of striation 

(Figure 20.42) 
- Anterior aspect�Æ not as well integrated, more striated (seems more active 

than the other areas)  

R tibia 
- PNB mostly on lateral shaft�Æ striated, mix between smooth and porous 

(Figure 20.43) 
- On medial shaft�Æ some well-integrated smooth PNB (slightly striated) 

L tibia - PNB on entire lateral aspect of shaft�Æ striated new bone, mostly smooth 
but seems slightly porous�Æ maybe only recently became inactive? 

R/L fibulae 
- Diffuse PNB throughout shaft�Æ striated and sometimes irregular smooth 

PNB with some areas looking a bit more porous than others (more active?) 
(Figure 20.44) 

L calcaneus 
- Smooth PNB which has pores (some large and some small) on lateral 

aspect of calcaneal body (Figure 20.45) 

 
Figure 20.40- Disorganised, irregular PNB on the anterior aspect of S1-S3 of SPC-1268. Produced 

with kind permission of English Heritage. 
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Figure 20.41- Striated PNB mixed with slightly porous areas of PNB on the anterior aspect of the shaft 

of the right femur of SPC-1268. Produced with kind permission of English Heritage. 

 
Figure 20.42- Relatively well integrated, striated PNB on the medial aspect of the shaft of the left 

femur of SPC-1268. Produced with kind permission of English Heritage. 

 
Figure 20.43- Mix between smooth and porous striated PNB on the lateral aspect of the right tibia of 

SPC-1268. Produced with kind permission of English Heritage. 
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Figure 20.44- Well-integrated, striated PNB and more irregular porous areas of PNB on the right fibula 

of SPC-1268. Produced with kind permission of English Heritage. 

 
Figure 20.45- Smooth PNB (with large and small pores) on the lateral aspect of the body of the left 

calcaneus of SPC-1268. Produced with kind permission of English Heritage. 

 

PNB deposition in the post-cranial skeleton can be caused by a number of 

conditions which are discussed in more detail in Section 22.8. The distribution of the 

PNB observed in SPC-1268 best matches treponemal disease and HOA. Although the 

treponemal diseases cause diffuse proliferative PNB formation throughout multiple 

bones (Resnick 2002l), no gummatous lesions or caries sicca were observed in SPC-
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1268 (in a well-preserved skull). Therefore, the treponemal diseases are less likely 

diagnoses. 

HOA is characterised by symmetric, bilateral PNB formation on the distal 

tubular bones (particularly the tibiae and fibulae), including the metacarpals and 

phalanges (Fennell and Trinkaus 1997: 354; Ortner 2003), the skull, claviculae, 

scapulae, and calcanei (Mays and Taylor 2002), and, less frequently, the pelvis and 

ribs (Ali et al. 1980). As the bilateral distribution of PNB growth in SPC-1268 matches 

well with the normal distribution of PNB growth observed in cases of HOA, this 

condition is the most likely diagnosis for this individual. 

The epidemiology and clinical symptoms of HOA are discussed in more detail 

in Section 22.9. It is likely that SPC-1268 experienced deep aching or burning pain 

and heat and swelling of the areas affected by PNB deposition (the upper and lower 

limbs and pelvic girdle) (Nahar et al. 2007). If synovial effusions were present, SPC-

1268 would also have experienced joint pain, swelling, and restricted movement. HOA 

is usually associated with numerous serious diseases (cardiac, pulmonary, intestinal, 

etc.) that would not be visual palaeopathologically (Martínez-Lavín 1997). Therefore, 

it is likely that, along with the symptoms of diffuse PNB deposition, SPC-1268 also 

experienced the symptoms and functional impacts of whatever disease caused the 

HOA. Therefore, painful and swollen limbs and joints, bone pain, and symptoms of the 

more serious causal disease are likely to have limited SPC-���������¶�V���Q�R�U�P�D�O���S�D�U�W�L�F�L�S�D�W�L�R�Q��

in economic and social activities. 

 

20.2.8 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��1309 

 SPC-1309 was a middle adult male. Descriptions of the pathological alterations 

observed in SPC-1309 are provided in Table 20.6. 
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Table 20.6- Descriptions of pathological alterations observed in SPC-1309. 

Bone Description 

L femur 

- Large lesion on the anterosuperior aspect of femoral head�Æ convex 
cortical surface of the head is no longer present, and instead there is a 
large, concave area with sharp edges (Figure 20.46) 

- Walls of concave lesion consist of smoothed out and remodelled trabecular 
bone of the femoral head 

- Lesion is approximately 41mm x 32mm�Æ causes considerable deformation 
to the shape of femoral head 

- Two further perforations on inferior aspect of femoral head (8mm x 8mm 
and 13mm x 9mm)�Æ evidence of remodelled trabecular bone on the 
internal surfaces (Figure 20.47) 

- Eburnation on medial aspect of femoral head where the cortical bone is 
present 

- Superomedial aspect of femoral head (where the cortical bone is still 
present) is flattened and has lost some of its convexity in comparison to the 
R (Figure 20.48) 

- Shaft is visibly slimmer than that of R, although the measurements do not 
reflect much of a difference (Figure 20.49, Table 20.7) 

L pelvis 

- Only superolateral aspect acetabulum present�Æ clear that the shape of the 
articular surface is deformed 

- Where surface should be round and convex, it is much flatter (Figure 20.50 
and Figure 20.51) 

- Eburnation and macroporosity (or possibly further subchondral cysts) along 
rim of remaining surface 

R tibia 
- Smooth, striated PNB on medial and anterior aspects of shaft fragment that 

remains 
- Proximal end seems unaffected 

L tibia 

- Smooth, striated PNB on medial aspect of entire shaft 
- Very well-integrated PNB on lateral aspect of proximal shaft which is 

slightly bumpy in appearance (Figure 20.52) 
- R/L tibiae appear similar in size and shape (nothing can be measured due 

to post-mortem damage) 
 

Table 20.7- Measurements for the femora of SPC-1309. 

Measurement R (mm) L (mm) 
Subtrochanteric anterior-posterior diameter 29 29 
Subtrochanteric medial-lateral diameter 36 35 
Midshaft anterior-posterior diameter 29 27 
Midshaft medial-lateral diameter 28 25 
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Figure 20.46- Large, smoothed out lesion on the anterosuperior aspect of the left femoral head of 

SPC-1309 (superior view). Produced with kind permission of English Heritage. 

 
Figure 20.47- Two further smoothed out perforations on the inferior aspect of the left femoral head of 

SPC-1309. Produced with kind permission of English Heritage. 
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Figure 20.48- Flattening of the superomedial aspect of the left femoral head of SPC-1309 in 

comparison to the right. Produced with kind permission of English Heritage. 

 
Figure 20.49- Asymmetry in shaft diameters of the femora of SPC-1309. Produced with kind 

permission of English Heritage. 
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Figure 20.50- Flattening of the left acetabulum of SPC-1309. Note the macroporosity along the rim. 

Produced with kind permission of English Heritage. 

 
Figure 20.51- Comparison of the right and left acetabula of SPC-1309. Note the lack of concavity of 

the left acetabulum. Produced with kind permission of English Heritage. 
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Figure 20.52- Smooth, striated PNB on the left tibia of SPC-1309. Produced with kind permission of 

English Heritage. 

 

Differential diagnoses for the pathological alterations observed in the left 

femoral head of SPC-1309 include bone cysts (aneurysmal and simple) and giant cell 

tumours. ABCs rarely involve the epiphysis (Resnick 2002w) and are characterised by 

multi-loculated, osteolytic lesions with osseous expansion and cortical thinning 

(Aufderheide and Rodríguez-Martín 1998: 391; Resnick 2002w). As the most superior 

cortical surface of the left femoral head is not present, it is not possible to determine 

whether osseous expansion was present, but it appears as if the main lesion observed 

was not multi-loculated, making an ABC a less likely diagnosis for SPC-1309. 

Simple unicameral bone cysts infrequently involve the epiphysis (Resnick 

2002w), but generally consist of a single chamber (Aufderheide and Rodríguez-Martín 

1998: 390), as observed in SPC-1309 (one very large chamber on the superior aspect 

of the femoral head, and two smaller, unconnected chambers in the inferomedial 

aspect of the femoral head). Therefore, a simple unicameral bone cyst remains a 

possible diagnosis.  

Giant cell tumours occur in the long bones in 75-90% of cases and are 

commonly found in the epiphyses and metaphyses (Resnick 2002w). The femur is the 

most commonly affected bone (30% of cases), although the distal end is more 

frequently involved than the proximal (Resnick 2002w). Giant cell tumours are 

characterised by an osteolytic lesion with cortical thinning/expansion and can have 

well or poorly-defined margins (Resnick 2002w). Without the soft tissue, differentiation 

between a giant cell tumour and a bone cyst is difficult, however as giant cell tumours 

commonly affect the epiphyses, this is perhaps the more likely diagnosis for SPC-

1309.  

Clinical symptoms associated with giant cell tumours are variable: pain is the 

most commonly reported symptom, followed by swelling and restricted movement 

(Resnick 2002w). The flattening and deformation of the left acetabulum indicates that 
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the deformation of the left femoral head was affecting the hip joint. The fact that the 

left femur is noticeably thinner than the right suggests some disuse atrophy of the left 

lower limb, probably due to the pain caused by the lesion and the abnormal articulation 

between the left femoral head and acetabulum. Thus, it is likely that SPC-1309 walked 

with an abnormal gait and was not able to use the left leg to its full extent, which would 

probably have restricted him in terms of normal social and economic participation.  

 

20.2.9 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��1766 

 SPC-1766 was an adult male (although the current author recorded SPC-1766 

as a middle adult male). There is well-integrated, striated PNB on the medial aspect 

of the shaft of the right tibia and osteophytic lipping of the entire distal articular surface 

(Figure 20.53). There is slight PNB on the medial shaft of the left tibia, a small lump of 

PNB on the lateral distal end of the bone, and osteophytic lipping of the entire distal 

articular surface (Figure 20.53). There is extensive lytic destruction and osteophytic 

lipping of many of the joints of the right and left feet (Table 20.8). 

 

Table 20.8- Descriptions of the pathological alterations observed in the feet of SPC-1766. 

Bone Right Left 

Calcaneus - Lipping on all articular 
surfaces 

- Lipping on all articular surfaces 
- Spur on lateral, plantar aspect 
- Irregular, almost coralline new bone 

formation on lateral aspect of body 

Talus N/A - Lipping on all articular surfaces�Æ most 
severe on articular facet for calcaneus 

Navicular N/A 
- Lipping on both articular surfaces�Æ 

more severe on distal articular surface 
(Figure 20.54) 

Cuboid N/A 
- Lipping on all articular surfaces (Figure 

20.55) 
1st 

cuneiform N/A - Lipping on all articular surfaces 

3rd 
cuneiform N/A - Lipping on all articular surfaces 

- Eburnation 
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Bone 
���F�R�Q�W�¶�G�� Right Left 

MT1 

- Deformation and enlargement 
of the distal head�Æ 
destruction of cortical bone 
and loss of convexity 

- Eburnation on medial and 
lateral sides of head 

- Irregularly shaped areas of 
erosive destruction (somewhat 
scooped-out in some cases) 
on medial and plantar aspects 
of distal end (Figure 20.56 
and Figure 20.57) 

- Deformation of distal head�Æ 
destruction of cortical bone and loss of 
convexity 

- Irregularly shaped areas of erosive 
destruction on dorsal and medial 
aspects of the head (Figure 20.58) 

- Osteophytic lipping of proximal end 
- Scooped out, circular lytic lesion on 

medial side of proximal end (Figure 
20.59) 

MT2 

- Irregularly shaped areas of 
erosive destruction on medial 
and lateral sides of proximal 
end (scooped out in some 
areas) (Figure 20.60) 

- Eburnation on proximal end 

- Small, scooped out lytic lesions on 
proximal end (some sharp margins, 
some round margins) (Figure 20.61) 

- Eburnation on proximal end 

MT3 

- Irregularly shaped area of 
erosive destruction on lateral 
side of proximal end (scooped 
out) (Figure 20.62) 

- Eburnation on proximal end 

- Lipping of proximal articular surface 
- Circular, scooped out lesion on dorsal 

surface (sharp margins) (Figure 
20.63) 

- Distal end not present 

MT4 

- Irregularly shaped areas of 
erosive destruction on medial 
and lateral sides of proximal 
end (scooped out in some 
areas) (Figure 20.64) 

- Eburnation on proximal end 

- Irregularly shaped area of lytic 
destruction with no defined margins on 
plantar surface of proximal end (Figure 
20.65) 

- Erosive destruction and several lytic 
lesions on dorsal aspect 

- Distal end not present 

MT5 N/A 

- Irregularly shaped area of destruction 
around circumference of the distal 
articular surface (medial, dorsal, 
plantar aspects) 

- Relatively circular lytic lesion with 
sharp margins on lateral aspect of 
distal end 

- Long, slightly rectangular lytic lesion 
with relatively sharp margins on medial 
aspect of proximal end (Figure 20.66) 

- Scooped out lesion on dorsal aspect of 
proximal end 
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Figure 20.53- Osteophytic lipping of the distal ends of both the right and left tibiae of SPC-1766. 

Produced with kind permission of English Heritage. 

 
Figure 20.54- Osteophytic lipping of the distal articular surfaces of the left navicular of SPC-1766. 

Produced with kind permission of English Heritage. 
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Figure 20.55- Osteophytic lipping of an articular surface of the left cuboid of SPC-1766. Produced with 

kind permission of English Heritage. 

 

Figure 20.56- Irregularly shaped area of erosive destruction on the medial aspect of the distal end of 
the right MT1 of SPC-1766. Produced with kind permission of English Heritage. 
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Figure 20.57- Irregularly shaped area of erosive destruction on the plantar aspect of the distal end of 

the right MT1 of SPC-1766. Produced with kind permission of English Heritage. 

 
Figure 20.58- Irregularly shaped area of erosive destruction on the dorsal and medial aspects of the 

distal end of the left MT1 of SPC-1766 Produced with kind permission of English Heritage. 
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Figure 20.59- Osteophytic lipping of the proximal end of the left MT1 of SPC-1766 and circular 

scooped out lesion on the medial side of the proximal end. Produced with kind permission of English 
Heritage. 

 
Figure 20.60- Irregularly shaped area of erosive destruction (scooped out in some areas) on the 

medial aspect of the proximal end of the right MT2 of SPC-1766. Produced with kind permission of 
English Heritage. 
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Figure 20.61- Small, scooped out lesions (rounded and sharp margins) on the lateral aspect of the 

proximal end of the left MT2 of SPC-1766. Produced with kind permission of English Heritage. 

 

Figure 20.62- Irregularly shaped area of erosive destruction (scooped out) on the lateral aspect of the 
proximal end of the right MT3 of SPC-1766. Produced with kind permission of English Heritage. 



 

343 
 

 
Figure 20.63- Circular lytic lesion with sharp margins on the dorsal surface of the left MT3 of SPC-

1766. Produced with kind permission of English Heritage. 

 
Figure 20.64- Several smaller areas of scooped out lytic lesions on the proximal end of the right MT4 

of SPC-1766. Produced with kind permission of English Heritage. 
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Figure 20.65- Irregularly shaped area of erosive destruction without well-defined borders on the 

plantar surface of the proximal end of the left MT4 of SPC-1766. Produced with kind permission of 
English Heritage. 

 
Figure 20.66- Elongated rectangular lytic lesion with relatively sharp edges on the medial aspect of 

the distal end of the left MT5 of SPC-1766. Produced with kind permission of English Heritage. 

 

 Differential diagnoses for the pathological alterations observed in the feet of 

SPC-1766 include various joint diseases (Section 22.5). It should be kept in mind that 

only two proximal and one intermediate pedal phalanges are present, and all tarsals 

except the talus are missing from the right foot. Spondyloarthropathies can cause 

erosive and proliferative lesions in the feet, and therefore remain possibilities. �5�H�L�W�H�U�¶�V��

syndrome most commonly affects the small joints of the feet, specifically the MTP 

joints and interphalangeal joints, and can cause erosive changes as well as fluffy new 

bone formation on the tarsals, as observed in SPC-1766 (Resnick 2002r). However, 

spondyloarthropathies are usually accompanied by sacroiliac involvement, which was 

not observed in SPC-1766, making them less likely diagnoses.   

RA is an erosive arthropathy which is characterised by symmetrical erosive 

lesions of the joint margins, and frequently affects the foot, specifically the MTP joints 



 

345 
 

(Resnick 2002s). The changes observed in SPC-1766 appear to affect both right and 

left metatarsals symmetrically, and the circumferential osseous lesion just proximal to 

the head of the left MT5 (Volume 2, Figure 9.56) is similar to many clinical radiographs 

of RA provided by Resnick (2002s). Thus, RA is a possible diagnosis for SPC-1766, 

although it does not explain the osteophytic lipping observed in many of the tarsals. 

Clinical studies have found that RA is associated with gait changes and consequent 

disability, and that joint damage in the forefoot results in increased pressure on the 

plantar surface, which causes pain during walking (van der Leeden et al. 2006). 

Gout more commonly affects the joints of the lower limbs, and is characterised 

by punched out lesions, which may have over-hanging bony margins (Resnick 2002f). 

The most commonly affected joint is the MTP joint of the first toe, followed by the MTP 

joint of the fifth toe (Resnick 2002f), both of which were affected in SPC-1766. Erosive 

destruction in the tarsometatarsal region is common (and less common in RA), which 

may explain the many scooped out lesions at the proximal ends of the metatarsals 

(Resnick 2002f). Although no large over-hanging bony hooks characteristic of gout 

were observed, this condition should remain a possible diagnosis for SPC-1766. The 

clinical symptoms of gout are discussed in more detail in Section 22.5.6, but if SPC-

1766 had gout, it is likely that they experienced pain, abnormal gait, and periods of 

inability to move, with the need to rely on others for toileting, washing, and providing 

food/drink (Lindsay et al. 2011). 

Of the discussed joint diseases, RA or gout appear to be the most likely options 

for the diagnosis of SPC-1766. Although a definitive determination is not possible 

without more complete feet, or lesions more consistent with one disease or the other, 

gout is perhaps the more likely diagnosis due to the erosive lesions in the 

tarsometatarsal joints, which are less common in RA (Resnick 2002f). In addition, the 

original researchers took radiographs of SPC-1766 (the current author did not have 

access to these), and made note of a bursa of the olecranon, which is commonly found 

in cases of gout (Resnick 2002f). Therefore, pain, periods of inability to move, and a 

slow, altered gait probably restricted SPC-1766 in terms of normal social and 

economic participation.  

20.2.10 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��1870 

 SPC-1870 was a middle adult male. The descriptions of the pathological 

alterations observed in SPC-1870 are provided in Table 20.9. 
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Table 20.9- Descriptions of the pathological alterations observed in SPC-1870. 

Bone Right Left 

Hand - Not affected 

- Ankylosis of proximal and distal 
phalanges of first digit 

- Lytic destruction and deformation of 
distal end of a proximal phalanx 

Tibia - Not affected - Slight porous PNB on distal lateral 
aspect 

Fibula - Not affected 
- Smooth PNB on shaft (primarily 

midshaft and proximal end)�Æ overall 
lumpy appearance 

Calcaneus 

- Large, irregularly shaped, 
scooped out lesion posterior to 
posterior articular surface for 
talus 

- Edges of margin are somewhat 
rounded but jagged/scalloped in 
shape 

- Large, irregularly shaped, relatively 
scooped out area of lytic destruction on 
posterior aspect (c.29mm x 21mm) 
(Figure 20.67) 

- Margins are variable�Æ some areas are 
sharp and well-defined while others are 
less defined and more jagged 

MT1 

- Erosive destruction and loss of 
convexity of distal end 

- Scooped out lesions with 
defined edges (some sharp, 
some rounded) on medial and 
plantar surfaces (Figure 20.68) 

- Deformation in shape of 
proximal end of proximal 
phalanx for MT1�Æ increased 
concavity, lipping, and new 
bone growth on articular surface 

- Scooped out lesions on medial aspect of 
distal end (Figure 20.69) 

- Larger lesion (10mm x 6mm) is 
relatively oval in shape with areas of 
well-defined and poorly-defined 
margins, and a slightly overhanging 
edge on proximal aspect of the lesion 

MT2 
- Possible erosive destruction of 

distal end (may be post-mortem 
damage) 

- Two relatively oval shaped, scooped out 
lesions with thin but rounded margins on 
lateral aspect of distal end (Figure 
20.70) 

MT3 

- Round indentation/lesion on 
lateral aspect of distal end with 
well-defined margins (Figure 
20.71) 

- Deformation and destruction of entire 
distal end�Æ no longer convex 

- Several scooped out lesions with well-
defined margins within deformed distal 
end (Figure 20.72) 

MT4 - Unaffected, distal end not 
present - Unaffected 

MT5 - Unaffected, distal end not 
present 

- No obvious scooped out lytic lesions on 
distal end but the head is deformed and 
is no longer completely convex in shape 
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Figure 20.67- Irregularly shaped, scooped-out lytic lesion on the posterior aspect of the left calcaneus 

of SPC-1870. Produced with kind permission of English Heritage. 

 
Figure 20.68- General erosion and scooped out lesion with rounded edges on the plantar surface of 

the distal end of the right MT1 of SPC-1870. Produced with kind permission of English Heritage. 
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Figure 20.69- Scooped-out lesion with an overhanging edge on the medial aspect of the left MT1 of 

SPC-1870. Produced with kind permission of English Heritage. 

 
Figure 20.70- Two scooped out lesions with thin but rounded margins on the lateral aspect of the left 

MT2 of SPC-1870. Produced with kind permission of English Heritage. 
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Figure 20.71- Round indentation/lesion with well-defined margins on the lateral aspect of the distal 

end of the right MT3 of SPC-1870. Produced with kind permission of English Heritage. 

 
Figure 20.72- Destruction and deformation in shape of the distal end of the left MT3 of SPC-1870. 

Note the two scooped out lesions within the deformed head. Produced with kind permission of English 
Heritage. 
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 The differential diagnoses for the pathological alterations observed in the feet 

of SPC-1870 include various joint diseases (Section 22.5). The most likely diagnosis 

for SPC-1870 is gout due to the characteristic over-hanging margins of many of the 

lesions (Resnick 2002f).  

 Recent research has established that tophi (nodules consisting of urate 

crystals) can envelope tendons, become embedded within tendons, or be deposited 

at the site of tendon attachments (de Ávila Fernandes et al. 2010), and cause tendon 

rupture (Resnick 2002f). Among patients with feet affected by gout, the Achilles 

tendon, which inserts on the posterior aspect of the calcaneus, is the most commonly 

affected tendon (Dalbeth et al. 2013). It seems likely that this was the case in both 

calcanei of SPC-1870: the tophi were deposited at the site of the insertion point of the 

Achilles tendon causing severe damage to the cortical surface of the bone in this area.  

The clinical symptoms of gout are discussed in more detail in Section 22.5.6. 

SPC-1832 probably experienced pain, an abnormal gait, and periods of inability to 

move with the need to rely on others for toileting, washing, and providing food/drink 

(Lindsay et al. 2011), all of which probably restricted SPC-1870 in terms of normal 

social and economic participation. 

  

20.2.11 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��1876 

SPC-1876 was a 14-18-year-old adolescent who was probably female 

(although the current author recorded SPC-1876 as of indeterminate sex). 

Descriptions of the pathological alterations observed in SPC-1876 are provided in 

Table 20.10. Besides the elements mentioned below, the rest of the skeleton was 

relatively complete with no evidence of further PNB. 

 

 

 

 

 

 

Table 20.10- Descriptions of the pathological alterations observed in SPC-1876. 
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Bone Right Left 

Femur - Unaffected, distal end absent 
- Well-integrated smooth compact PNB 

on posterior distal end�Æ overall lumpy 
surface texture (Figure 20.73) 

Tibia 
 

- Well-integrated, more striated 
PNB on the shaft�Æ slightly 
lumpy appearance (Figure 
20.74) 

- Less affected than the L  

- Swelling of proximal 2/3 (distal 1/3 not 
present) 

- Diffuse, disorganised, irregular PNB on 
lateral aspect of shaft (Figure 20.75) 

Fibula 

- Some hypertrophy of the shaft 
- Some well-integrated, irregular 

PNB on shaft�Æ not as severe 
as in L (Figure 20.77) 

- Hypertrophy of the entire shaft 
- Occlusion of the medullary cavity 
- Diffuse, disorganised, irregular PNB 

across whole shaft 
- Most of the PNB is smooth and 

compact, although there are areas 
which are more porous and active 
(Figure 20.76) 

 

 
Figure 20.73- Well-integrated smooth PNB on the posterior aspect of left femur of SPC-1876 giving it 

an overall lumpy surface texture. Produced with kind permission of English Heritage. 

 
Figure 20.74- Less severe, more striated PNB on the lateral shaft of the right tibia of SPC-1876. 

Produced with kind permission of English Heritage. 
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Figure 20.75- Disorganised, irregular PNB on the shaft of the left tibia of SPC-1876. Produced with 

kind permission of English Heritage. 

 
Figure 20.76- Disorganised, irregular PNB across the shaft of the left fibula of SPC-1876. Produced 

with kind permission of English Heritage. 
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Figure 20.77- Well-integrated, less severe, irregular PNB on the shaft of the right fibula of SPC-1876. 

Produced with kind permission of English Heritage. 

 

PNB in the post-cranial skeleton can be caused by a number of conditions 

which are discussed in more detail in Section 22.8. Leprosy can result in bilateral PNB 

growth on the lower leg long bones (Møller-Christensen 1961), however the hands 

and feet of SPC-1876 were almost complete and showed no signs of deformity, as 

might be expected in an individual with leprosy (Andersen et al. 1992). Unfortunately, 

the viscerocranium was not available for analysis to completely rule out this disease 

as a diagnosis for SPC-1876 (Andersen and Manchester 1992). 

Treponemal disease can lead to non-gummatous bilateral bone deposition in 

the long bones (most commonly the tibiae) resulting in a thick, heavy bone (Ortner 

2003: 285-6). Without any pathognomonic gummatous lesions in the tibiae or fibulae, 

and because the skull could not be analysed for evidence of caries sicca, it is not 

possible to fully rule out treponemal disease as a possible diagnosis for SPC-1876. 

Due to the nature of the pathological alterations observed in SPC-1876 (and 

the lack of more characteristic lesions), no specific diagnosis is possible. Regardless 

of the cause, the bony proliferation in the tibiae and fibulae indicates a chronic and 

long-standing inflammation of the periosteum in this area, which would probably have 

resulted in swelling, redness, heat, pain, and loss of function (Amft et al. 2008). These 

symptoms may have led to difficulty using the legs, which may have rendered SPC-

1876 distinct in terms of abnormal movement, and probably restricted normal 

participation in social and economic activities.  
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20.2.12 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��1910 

 SPC-1910 was an older adult male (although the current author recorded SPC-

1910 as a middle adult male). The pathological observations observed in the right 

lower leg are provided in Table 20.11.  

 

Table 20.11- Descriptions of the pathological alterations observed in SPC-1910. 

Bone Description 

R tibia 

- Severe hypertrophy of entire shaft�Æ bone has overall lumpy, irregular 
appearance 

- Anterior-posterior diameter at nutrient foramen (mm)�Æ R: 46; L:36 
- Medial-lateral diameter at nutrient foramen (mm)�Æ R: 38; L: 24 

- Diffuse compact PNB is not uniform in appearance�Æ some areas are smooth and 
well-integrated into the cortex, while other areas are striated or irregular (Figure 
20.78 and Figure 20.79) 

- A ridge of compact bone that is well-integrated into the shaft on posterior aspect 
of distal end�Æ evidence of a well-healed fracture? (Figure 20.80) 

- Relatively circular indentation in an area of damaged new bone formation on 
medial aspect of proximal end (Figure 20.81) 

- Grooving and eburnation on distal articular surface and loss of concavity (Figure 
20.82) 

R fibula 

- Enlargement, eburnation, and osteophytic lipping of distal articular surface  
- Long bony exostosis that originates from anterolateral aspect of distal end 

(c.31mm in length, but broken post-mortem) (Figure 20.83)  
- The exostosis is angled in an anterior and medial direction, possibly forming a 

bony bridge with the tibia, although the attachment point cannot be located 
- Another bony exostosis originating from centre of lateral distal end (c.19 mm) 

Talus 

- Deformation of tibial articular facet which has lost some of its normal convexity 
(Figure 20.84) 

- Eburnation on superior articular facet and on articular facet for the medial 
malleolus 

- Slight medial-lateral ridge on inferior aspect of talar head (lateral side) (Figure 
20.85) 

- More defined ridge (angled anterolateral-posteromedial) also on inferior aspect of 
talar head (lateral side) (Figure 20.85) 

Navicular - Bony exostosis on superior surface (Figure 20.86) 
- Osteophytic lipping of articular surfaces for cuneiforms (Figure 20.86) 

1st 
cuneiform 

- Deformation and enlargement of articular surface for navicular�Æ no longer 
smooth and concave (Figure 20.87) 

- Extra bony growth on lateral and medial sides of the body 
3rd 

cuneiform 
- Osteophytic lipping of articular surfaces 
- Bony exostosis originating on superior R border and inferior border  

Cuboid - Osteophytic lipping of articular surfaces  
- Eburnation on facet for MT4 

MT3 

- Pseudarthrosis on dorsal surface of distal end with eburnation and osteophytic 
lipping (Figure 20.88) 

- Pseudarthrosis articulates with proximal phalanx which is vertically oriented 
(phalanx has eburnation on proximal articular surface) (Figure 20.88) 

MT4 - Eburnation and osteophytic lipping on proximal end 
- Irregular compact bone growth on proximal medial side and on plantar border 

MT5 - Osteophytic lipping of proximal articular surface  
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There is slight asymmetry between the right and left metatarsals as detailed in 

Table 20.12. The right MT2 and MT5 were visibly smaller than the left, while the right 

MT3 was visibly larger than the left.   

 

Table 20.12- Metatarsal lengths of SPC-1910. 

 R (mm) L (mm) 
MT1 63 64 
MT2 75 79 
MT3 76 70 
MT5 66 69 

 

 
Figure 20.78- Striated compact bone formation on the anterior surface of the right tibia of SPC-1910. 

Produced with kind permission of English Heritage. 

 
Figure 20.79- Smooth, well-integrated, slightly irregular bone formation on the lateral aspect of the 

right tibial shaft of SPC-1910. Produced with kind permission of English Heritage. 
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Figure 20.80- Smooth bony ridging on the posterior aspect of the distal shaft of the right tibia of SPC-

1910 (lateral view). Produced with kind permission of English Heritage. 

 
Figure 20.81- Circular indentation in an area of damaged new bone formation on the medial aspect of 

the proximal end of the right tibia of SPC-1910. Produced with kind permission of English Heritage. 

 
Figure 20.82- Eburnation and grooving of the distal articular surface of the right tibia of SPC-1910. 

Produced with kind permission of English Heritage. 



 

357 
 

 
Figure 20.83- Bony exostosis originating from the anterolateral aspect of the distal end of the right 

fibula of SPC-1910. Produced with kind permission of English Heritage. 

 
Figure 20.84- Flattening of the articular facet for the tibia of the right talus of SPC-1910. Produced 

with kind permission of English Heritage. 
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Figure 20.85- Ridging on the inferior aspect of the right talar head of SPC-1910. Produced with kind 

permission of English Heritage. 

 
Figure 20.86- Superior bony exostosis and lipping of the articular surfaces for the cuneiforms in the 

right navicular of SPC-1910. Produced with kind permission of English Heritage. 
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Figure 20.87- Deformation in shape, enlargement, and flattening of the articular facet for the navicular 

on the right first cuneiform of SPC-1910. Produced with kind permission of English Heritage. 

 
Figure 20.88- Right MT3 and the associated proximal phalanx of SPC-1910 showing pseudoarthosis 
on the dorsal surface of the distal end of MT3 and the vertical orientation of the associated phalanx. 

Produced with kind permission of English Heritage. 
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 There are several conditions which must be considered as differential 

diagnoses for the pathological alterations observed in SPC-1910, �L�Q�F�O�X�G�L�Q�J�� �3�D�J�H�W�¶�V��

disease, treponemal disease (Section 22.3), fibrous dysplasia, and osteomyelitis 

(Section 22.1). �3�D�J�H�W�¶�V���G�L�V�H�D�V�H���F�D�X�V�H�V���D�Q���H�[�F�H�V�V���R�I���R�V�W�H�R�E�O�D�V�W�L�F���S�U�R�F�H�V�V�H�V���O�H�D�G�L�Q�J��

to the deposition of new woven and compact bone which tends to have a pumice-like 

texture (Ortner 2003: 437-8). The axial skeleton is more commonly affected than the 

appendicular skeleton, with the tibia affected in only 18% of 138 autopsied individuals 

�Z�L�W�K���3�D�J�H�W�¶�V���G�L�V�H�D�V�H��(Ortner 2003: 435). Therefore, �3�D�J�H�W�¶�V���G�L�V�H�D�V�H��is a less likely 

diagnosis as the tibia is not commonly affected, and the cortical bone in SPC-1910 

does not have the characteristic pumice-like texture.  

Treponemal disease can lead to non-gummatous bone deposition in the long 

bones (most commonly the tibia), resulting in a thick, heavy bone as observed in SPC-

1910 (Ortner 2003: 285-6). In some cases treponemal disease is difficult or impossible 

to distinguish from non-suppurative chronic osteomyelitis (see below) due to the 

similarities in bony alterations (Ortner 2003: 185). Most of the skull of SPC-1910 was 

intact with no evidence of caries sicca, which is pathognomonic of treponemal disease 

(Waldron 2009: 108), however this disease should remain a possible diagnosis (Mays 

et al. 2010). 

Fibrous dysplasia is a possible diagnosis for SPC-1910 as it commonly occurs 

in the tibia, is usually monostotic (affects one bone), and can result in expansion of the 

entire shaft of a bone (Feldman 2002). Bending deformities are observed in patients 

with fibrous dysplasia (Ortner 2003: 443), which might be expected in SPC-1910 as 

the entire tibia is affected. As there was no post-mortem break in the diaphysis of the 

tibia, the state of the medullary cavity and endosteal surface (cortical thinning, 

medullary occlusion, etc.) (Feldman 2002; Ortner 2003: 443) could not be analysed, 

and therefore fibrous dysplasia should remain a possible diagnosis for SPC-1910.  

Sclerosing osteomyelitis of Garré is a rare non-suppurative form of 

osteomyelitis which results in periosteal and endosteal bone deposition with thickening 

of the cortex and occlusion of the medullary cavity without any evidence of a sinus or 

cloaca (Aufderheide and Rodríguez-Martín 1998: 178; Ortner 2003: 185). As this 

disease commonly affects the tibia (Aufderheide and Rodríguez-Martín 1998), and the 

severe hypertrophy of the diaphysis of the right tibia is reminiscent of the hypertrophy 

caused by osteomyelitis, the non-suppurative form of the disease (no cloaca present) 

should remain a possible diagnosis for SPC-1910. It should be noted that an x-ray was 

taken of the right tibia (which the current author did not have access to), and the 
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previous researchers concluded that this was a case of chronic osteomyelitis (perhaps 

they were able to confirm the presence of a non-perforating cloaca). 

Although a definite diagnosis cannot be confirmed, the functional impacts of the 

pathological alterations of the right tibia are evidenced in the distal joint surface and 

the foot bones. There is severe eburnation on the distal articular surface of the right 

tibia and corresponding deformation in the articular surface of the right talus, indicative 

of an abnormal ankle articulation. The two ridges on the talar head and the deformation 

in the articular facet of the first cuneiform suggest that the midfoot was also affected, 

and the osteophytic lipping and eburnation in some of the tarsals are indicative of OA 

of the foot. Perhaps there was a traumatic injury to the lower right leg, ankle, or foot 

which caused the permanent dislocation of the third toe and stimulated the growth of 

the exostoses observed on the fibula in order to stabilise the compromised ankle joint. 

The injury could have led to subsequent infection which caused osteomyelitis of the 

right tibia.  

The clinical symptoms of osteomyelitis are discussed in more depth in Section 

22.1, but it is likely that SPC-1910 experienced chronic pain, malaise, and fever 

(Hatzenbuehler and Pulling 2011). Chronic pain in the lower leg would probably affect 

full use of the right leg resulting in an abnormal gait. This abnormality of gait would 

have been visually distinctive to the surrounding community and probably restricted 

SPC-1910 in terms of normal economic and social participation. 

 

20.2.13 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��2389 

SPC-2389 was an adult male (although the current author recorded SPC-2389 

as a young adult of indeterminate sex). Descriptions of the pathological alterations 

observed in the spine of SPC-2389 are provided in Table 20.13. The medial-lateral 

scoliotic curve present in T12-L5 is demonstrated in Figure 20.101. There is a rounded 

thickening of the gluteal tuberosity of the left femur (Figure 20.102). The soleal line of 

the left tibia is extremely pronounced (Figure 20.103 and Figure 20.104). The right 

tibia was not present to allow for comparison.  

 

 

Table 20.13- Descriptions of pathological alterations observed in the spine of SPC-2389. 

Bone Description 
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T vert 

- Unnumbered thoracic vertebra 
- Asymmetry in shape between the R and L SZJs 
- Transverse processes broken post-mortem�Æ but angles of R and L transverse 

processes are asymmetrical (Figure 20.89) 
- Base of L transverse process projects horizontally and posteriorly from SZJ 

(making approximately a right angle) (Figure 20.90), while on R side the angle 
between SZJ and base of transverse process is more obtuse�Æ transverse 
process would have projected more medially 

- L IZG joint severely enlarged and deformed in shape�Æ has two facets (Figure 
20.91) 

- Entire neural arch rotated slightly to L resulting in an abnormal shape of the 
vertebral foramen 

T vert 
- Unnumbered thoracic vertebra�Æ possibly T1, T2, or T3 
- L IZG is deformed and has two facets (Figure 20.92) 

T12 

- Possibly an extra lumbar vertebra? 
- Asymmetry in body height�Æ R: 18mm; L: 26 mm 
- L SZJ appears normal, R is damaged 
- Slight L rotation of IZJs 
- Asymmetry in size of IZJs�Æ R is larger than L and is angled more posteriorly 

(Figure 20.93) 

L1 
- IZJs appear fairly normal 
- SZJs absent 
- No obvious wedging of vertebral body 

L2 
- SZJs appear fairly normal (although R is damaged) 
- ?L rotation of IZJs (difficult to say more as L is absent) 
- Asymmetry in body height�Æ R: 18 mm; L: 26 mm 

L3 - Asymmetry in body height�Æ R: 22mm; L: 26 mm 
- No zygapophyseal joints present 

L4 

- No obvious body height asymmetry 
- L pedicle is thicker than R (Figure 20.94) 
- R SZJ flattened (Figure 20.94) 
- Although both broken, it is clear transverse processes are asymmetrically angled 
- Asymmetry of IZJs�Æ L is much larger and angled posteriorly with thick lipping 

around the margins 
- When articulated with L5, inferior aspect of L lamina articulates with the superior 

aspect of the L SZJ of L5 (Figure 20.95) 

L5 

- Abnormal shape of vertebral foramen 
- R lamina and pedicle are thicker than L 
- Considerable asymmetry in body height�Æ R: 25mm; L:12 mm 
- R SZJ angled medially 
- L SZJ�Æ deformity in shape with area of superiorly-oriented increased concavity 

(with macroporosity on surface), disruption in inferior border so facet is no longer 
ovoid in shape, and overall superior and posterior angulation (Figure 20.96) 

- R IZJ almost non-existent and appears to be facing posteriorly (Figure 20.97-
Figure 20.99) 

S1 - Absence of R articular facet (Figure 20.100) 
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Figure 20.89- Asymmetrical angling of the absent transverse processes on a thoracic vertebra of 

SPC-2389. Produced with kind permission of English Heritage. 

 
Figure 20.90- Right angle between the superior left zygapophyseal joint and the base of the 

transverse process in a thoracic vertebra of SPC-2389. Produced with kind permission of English 
Heritage.  
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Figure 20.91- Asymmetry in shape and size of the inferior zygapophyseal joints of a thoracic vertebra 

of SPC-2389. Note the double facet in the left inferior zygapophyseal joint. Produced with kind 
permission of English Heritage. 

 
Figure 20.92- Double facet of the left inferior zygapophyseal joint of a thoracic neural arch of SPC-

2389. Produced with kind permission of English Heritage. 
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Figure 20.93- Asymmetry in the shape and size of the inferior zygapophyseal joints of T12 of SPC-

2389. Produced with kind permission of English Heritage. 

 
Figure 20.94- Asymmetrical thickness of the left and right pedicles of L4 of SPC-2389. Note the 

flattening of the right superior zygapophyseal joint. Produced with kind permission of English 
Heritage. 
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Figure 20.95- Articulation of L4 and L5 of SPC-2389. Note that the inferior aspect of the left lamina of 
L4 articulates with the superior aspect of the left superior zygapophyseal joint of L5. Produced with 

kind permission of English Heritage. 

 
Figure 20.96- Disruption in the inferior border of the left superior zygapophyseal joint of L5 of SPC-

2389. Produced with kind permission of English Heritage. 
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Figure 20.97- Almost non-existent right inferior zygapophyseal joint of L5 of SPC-2389 (posterior 
view). Note the superoposterior angulation of the left superior zygapophyseal joint. Produced with 

kind permission of English Heritage. 

 
Figure 20.98- Almost non-existent right inferior zygapophyseal joint of L5 of SPC-2389 (inferior view). 

Note the asymmetrical thickness of the right and left laminae and pedicles. Produced with kind 
permission of English Heritage. 
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Figure 20.99- Almost non-existent right inferior zygapophyseal joint of L5 of SPC-2389 (right side 

view). Produced with kind permission of English Heritage. 

 
Figure 20.100- Non-existent right articular facet of S1 of SPC-2389. Produced with kind permission of 

English Heritage. 
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Figure 20.101- Scoliosis of T12-L5 of SPC-2389. Produced with kind permission of English Heritage. 

 
Figure 20.102- Rounded thickening of the gluteal tuberosity of the left femur of SPC-2389. Produced 

with kind permission of English Heritage. 
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Figure 20.103- Pronounced soleal line of the left tibia of SPC-2389 (medial view). Produced with kind 

permission of English Heritage. 

 
Figure 20.104- Pronounced soleal line of the left tibia of SPC-2389 (posterior view). Produced with 

kind permission of English Heritage. 

  

The pathological alterations observed in the spine of SPC-2389 are consistent 

with scoliosis. As only T12-L5, and three unnumbered thoracic vertebrae were 

present, it was not possible to measure the angle of scoliosis. However, from the 

asymmetry of the thoracic neural arch (which was probably one of the first three 

thoracic vertebrae), it is clear that the scoliosis was not limited to the lumbar spine, but 

was present throughout the rest of the spine as well (probably a double S curve). 

Unfortunately, the right femur and tibia were absent.  

 Scoliosis can be congenital (due to wedge vertebrae, hemivertebrae, neural 

arch fusion, etc.), idiopathic (no apparent cause) (Giampietro et al. 2003), 

neuromuscular (due to a variety of neuromuscular conditions), or associated with other 
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conditions (including but not limited to neurofibromatosis, vertebral or rib tumours, 

fracture, degenerative disc disease, etc.) (Ozonoff 2002). Due to the incompleteness 

of SPC-2389, all of these categories of scoliosis remain possibilities.  

 It is possible that there was a congenital abnormality in one of the missing 

vertebrae which was the cause of the scoliosis observed. It is also possible that the 

scoliosis was associated with a neuromuscular condition which could not be identified 

due to the missing right leg. Neuromuscular scoliosis is most commonly caused by 

CP, and is found more frequently in individuals with involvement of all four limbs 

(spastic quadriplegia) (Ozonoff 2002). As neither of the upper limbs or the left lower 

limb appeared atrophied, it is unlikely that SPC-2389 had CP, as this condition tends 

to affect multiple limbs (Minear 1956; Shevell et al. 2003). On the other hand, 

poliomyelitis most commonly causes paralysis of one leg (Weinstein et al. 1952), and 

is commonly associated with scoliosis (Colonna and Saal 1941). Thus, it is possible 

that the missing right leg was affected by poliomyelitis. Although the right tibia is not 

available for comparison, the soleal line of the left tibia is much more pronounced than 

normal, which might suggest that the left leg was used more than the right. This fits 

with the possibility that the right leg was atrophied/deformed in some way which would 

have resulted in an abnormal gait. 

 The consequences of scoliosis will, of course, depend on the degree of severity 

of the curve/s in the spine, which unfortunately could not be measured for SPC-2389. 

However, the severity of the lumbar asymmetry (wedged vertebrae, angulation of 

zygapophyseal joints, considerable asymmetry in size of zygapophyseal joints), along 

with the fact that scoliosis was also present in the upper thoracic spine, suggests that 

the scoliosis experienced by SPC-2389 was probably relatively severe. It is therefore 

likely that SPC-2389 experienced some of the symptoms associated with scoliosis 

including pain, restricted function, and negative effects on mental health and self-

image (Berven et al. 2003). The very pronounced soleal line of the left tibia is indicative 

of some sort of gait abnormality which probably would have been visible to the 

surrounding community. The probable abnormal locomotion, pain, and restricted 

movement caused by the scoliosis probably limited SPC-2389 in terms of normal 

participation in economic and social activities.  
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20.2.14 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��2427 

 SPC-2427 was a young adult female. The pathological alterations observed in 

SPC-2427 are provided in Table 20.14. 

 

Table 20.14- Descriptions of pathological alterations observed in SPC-2427. 

Bone Description 

Spine 
- Slight asymmetry in L1-L4 
- Neural arch of L5 deviates slightly to the L 
- All thoracic vertebrae appear normal 

R femur 

- Dysplasia of femoral head�Æ only a knob of bone approximately 22mm in 
diameter at widest point (Figure 20.105) 

- Knob of bone�Æ relatively convex on posterior and medial aspects but is 
more irregular in shape on anterior aspect (Figure 20.106 and Figure 
20.107) 

- Thinning of proximal shaft although a thin but very prominent linea aspera 
remains (Figure 20.108) 

- Large, wide ridge of bone just lateral to the dysplastic femoral head�Æ 
rounded on superior aspect (?dysplastic greater trochanter) (Figure 
20.106) 

- Shorter than L femur (measurements impossible due to post-mortem 
damage) 

R pelvis + 
sacrum 

- Complete, smooth ankylosis of SIJ (Figure 20.109) 
- R pelvis is smaller than L (antero-posteriorly and medio-laterally) 
- When sacrum is articulated with L pelvis, the pelvic inlet is asymmetrical 

(Figure 20.110), and the angles of the hips are asymmetrical (Figure 
20.111) 

- Measurements taken from the most anterior point of the sacral alae to the 
most medial point of the ischial spine�Æ R: 75mm; L: 100mm 

R 
acetabulum 

- Severe deformation of acetabulum which is almost non-existent 
- Severe loss of concavity and lack of a smooth, articular lunate surface 

(Figure 20.112) 
- Rather than a deep, smooth, concave articular surface, the acetabulum is 

a relatively oval shallow indentation with a somewhat lumpy surface texture 

R/L tibiae - Normal in shape and similar in size 
- R tibia is 3mm longer than L 

R/L feet 
- Calcanei, naviculars, cuboids, 1st cuneiforms, MT1s, and MT2s similar in 

shape and size 
- R MT4 and MT5 are slightly shorter than the L 
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Figure 20.105- Dysplasia of the right femoral head of SPC-2427 and thinning of the proximal shaft. 

Produced with kind permission of English Heritage. 

 
Figure 20.106- Dysplastic right femoral head and greater trochanter of SPC-2427 (anterior view). 

Produced with kind permission of English Heritage. 

 
Figure 20.107- Dysplastic right femoral head of SPC-2427 (medial view). Note the area of smooth 

articular bone on the medial aspect of the head. Produced with kind permission of English Heritage. 
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Figure 20.108- Thin but prominent linea aspera of the right femur of SPC-2427. Note the thinning of 

the proximal femoral shaft. Produced with kind permission of English Heritage. 

 
Figure 20.109- Complete, smooth ankylosis of the right sacroiliac joint of SPC-2427. Note the 

dysplastic right acetabulum which has lost much of its concavity. Produced with kind permission of 
English Heritage. 
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Figure 20.110- Abnormal shape of the pelvic inlet of SPC-2427. Produced with kind permission of 

English Heritage. 

 
Figure 20.111- Asymmetry in size of the right and left pelves of SPC-2427, and asymmetry of the hip 

angles. Produced with kind permission of English Heritage. 
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Figure 20.112- Deformation of the right acetabulum of SPC-2427 (anterior view): loss of convexity, 

lack of smooth articular surface, and lumpy/irregular surface texture. Produced with kind permission of 
English Heritage. 

Differential diagnoses for the pathological alterations observed in the right hip 

of SPC-2427 include LCP disease (Section 22.6.1), SCFE (Section 22.6.2), and 

developmental hip dysplasia (Section 22.6.3). Because the small, dysplastic femoral 

head of SPC-2427 articulated with a false, irregularly shaped acetabulum, the most 

likely diagnosis for this individual is chronic unilateral developmental dislocation of the 

hip (Mitchell and Redfern 2008). 

The functional impacts of development hip dysplasia are discussed in more 

depth in Section 22.6.3, but pain, reduced range of motion, and abnormality of gait are 

commonly observed (Crowe et al. 1979). The severe deformation of the right femoral 

head and acetabulum observed in SPC-2427 would have resulted in a highly abnormal 

articulation of the right hip, which would probably have caused considerable 

abnormality of gait. The right sacroiliac joint was fused, possibly �D�V���W�K�H���E�R�G�\�¶�V���D�W�W�H�P�S�W 

to stabilise the compromised right hip. This abnormality in gait would have been 

exacerbated by the length discrepancy between the two femora as well. The 

considerable thinning of the right femur (which is more pronounced in the proximal 
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end) is suggestive of disuse atrophy of this limb, probably due to pain and the restricted 

motion of the hip. However, the right leg was still in use as evidenced by the 

pronounced linea aspera on the right femur. With an abnormal gait and an atrophied 

lower limb, SPC-2427 was probably visually distinctive to her surrounding community. 

In addition, abnormal locomotion and the probable pain associated with her deformity 

probably restricted her participation in social and economic activities.  

 

20.2.15 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��2583 

 SPC-2583 was an older adult male. The pathological alterations observed in 

SPC-2583 are provided in Table 20.15. 

 

 

 

 

 

Table 20.15- Descriptions of the pathological alterations observed in SPC-2583. 

Bone Description 

R scapula 

- Glenoid cavity no longer located in normal lateral position�Æ this 
area is relatively flat and consists of non-articular cortical bone 
(Figure 20.113) 

- Glenoid cavity has been displaced onto anterior surface of 
scapula just inferior to coracoid process 

- Glenoid cavity has been enlarged (in comparison to the L), 
there is evidence of macroporosity, and the articular surface is 
somewhat lumpy in texture (Figure 20.114) 

- Flattened, ovular area of articulation on inferior aspect of 
coracoid process which has evidence of eburnation 

- Normally thick lateral border is much thinner than usual 
(although there is post-mortem damage) 

- Superior-inferior ridge of thick, rounded bone (which resembles 
the normal appearance of the lateral border) just inferior to the 
displaced glenoid cavity on anterior surface (Figure 20.115) 

R humerus 

- Humeral head is relatively normal in shape�Æ slight flattening of 
medial aspect of the head (Figure 20.116) 

- Articular surface has expanded slightly onto posterior aspect�Æ 
area of eburnation posterior to where normal articular surface 
would end (Figure 20.117) 

- New compact bone growth on anterior aspect of humeral head 
- Macroporosity on posterior aspect of humeral head 
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- Eburnation on inferior aspect and on the top of the greater 
tubercle (where usually there would be no bone-on-bone 
contact) 

R/L acromioclavicular 
joint - OA 

R/L radii, ulnae, 
metacarpals - Similar in shape and size 

 

 
Figure 20.113- Absence of the glenoid cavity on the lateral aspect of the right scapula of SPC-2583. 

Produced with kind permission of English Heritage. 

 
Figure 20.114- Enlargement and macroporosity of the right glenoid cavity of SPC-2583. Produced 

with kind permission of English Heritage. 
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Figure 20.115- Thick, rounded superior-inferior ridge of bone just inferior to the displaced right glenoid 

cavity of SPC-2583 (medial view). Produced with kind permission of English Heritage. 

 
Figure 20.116- Slight flattening of the right humeral head of SPC-2583. Produced with kind 

permission of English Heritage. 
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Figure 20.117- Right humeral head (posterior view). Note the area of eburnation posterior to where 

the normal articular surface would end. Produced with kind permission of English Heritage. 

 

 The pathological alterations observed in the right shoulder of SPC-2583 are 

consistent with a permanent subcoracoid anterior dislocation of the right humerus. 

Anterior dislocation of the humerus is the most common form of shoulder dislocation, 

accounting for 95% of cases (Resnick 2002n). If the dislocation is chronic, a false 

glenoid forms on the anterior surface of the scapula, as observed in SPC-2583 (Flatow 

et al. 1993). Some individuals with chronic, un-reduced anterior dislocation of the 

shoulder may not experience pain, but many do. In a clinical study of patients with 

chronic unreduced anterior dislocation of the shoulder, all of them experienced 

considerable functional restrictions, including reduced elevation and rotation (Flatow 

et al. 1993). When the shoulder is unreduced in an anterior dislocation, the arm is held 

away from the body in external rotation, which causes difficulty reaching the face and 

back (Rowe and Zairns 1982). 

 Although it appears that SPC-2583 was able to use the right arm (no obvious 

atrophy), it is likely that he experienced pain and restricted movement in the shoulder, 

and the abnormal angle at which the right arm was held may have been visually 

distinctive. Thus, with decreased efficiency of the right upper limb (functional and pain-

related), SPC-2583 was probably limited in terms of normal participation in social and 

economic activities.  
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20.2.16 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��2616  

 Unfortunately, the skeleton labelled 2616 did not match the skeleton described 

by Tony Waldron as 2616. SPC-2616 was middle adult male. The notes about the 

pathological alterations recorded on the original recording form are provided below.  

 
Figure 20.118- �3�U�H�Y�L�R�X�V���R�V�W�H�R�O�R�J�L�V�W�¶�V���Q�R�W�H�V���D�E�R�X�W���S�D�W�K�R�O�R�J�L�F�D�O��alterations observed in SPC-2616. 
Source: Unpublished archive held by English Heritage (form number 1610). © English Heritage. 

 

 These notes indicate that there were several alterations to the left elbow joint. 

At the articulation between the radius and humerus, there was Grade 3 (probably 

highest grade) contour change, eburnation, and osteophyte formation. At the 

articulation between the ulna and the humerus, there was Grade 3 contour change 

and osteophyte formation, which caused the forearm to be fixed at a 90° in a partially 

pronated position. 

 OA of the elbow is rare and is usually caused by a traumatic injury (Resnick 

2002c), but there is no mention by Waldron of any evidence for trauma. Although it is 

not ideal that SPC-2616 could not be analysed by the current author, it is reasonable 

to assume that a very large osteophyte between the proximal ulna and distal humerus 

could cause the elbow joint to be fixed at 90° flexion in partial pronation, as 

osteophytosis in the elbow is known to result in impingement, joint contracture, and 

pain (Adams et al. 2008).  

Although the fixation of the elbow in partial pronation in SPC-2616 was not 

caused by congenital radioulnar synostosis, the functional impacts of this condition 

can be considered. Patients with congenital radioulnar synostosis with the forearm 

fixed in pronation struggle with various daily activities including holding small objects, 

dressing themselves, feeding themselves, and participating in activities that require 

upper limb dexterity (Simmons et al. 1983). It is therefore likely that SPC-2616 would 

also have experienced difficulties with similar activities which probably restricted him 
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from normal economic and social participation. In addition, movement of the left arm 

with abnormal angling of the forearm may have been visually distinctive.  

 

20.2.17 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��2799 

 SPC-2799 was a middle adult male. The pathological alterations observed in 

SPC-2799 are provided in Table 20.16. Radial and tibial measurements are provided 

in Table 20.17. 

 

Table 20.16- Descriptions of the pathological alterations observed in SPC-2799. 

Bone Description 

R clavicle 
- Thicker and shorter than L (measurements could not be taken) 
- Hooked at medial end (Figure 20.119) 

R radius 

- Complete hypertrophy of entire bone (Figure 20.120) 
- Cortical bone is smooth but shape of the shaft is irregular due to various 

lumps and ridges of well-integrated, compact bone (Figure 20.121) 
- Bony spur on anterior midshaft (Figure 20.122) 
- Areas of more jagged, spiky bone on distal medial end, and proximal 

medial shaft (Figure 20.123) 
- Overall, the bone is smoother in texture on posterior aspect of shaft 
- Radial tuberosity is deformed in shape�Æ large cavitations as well as 

irregularly shaped lumps of compact bone (Figure 20.124) 
- Ovular cavitation with rounded, blunt edges distal to the radial head on 

lateral side (Figure 20.124) 
- The entire bone has lost its natural, slight lateral bowing with a shaft that 

is essentially linear throughout 
- R radius is longer than the L  

R ulna - Normal in shape overall with some possible swelling at proximal end 

R tibia  

- Only proximal half present 
- Complete hypertrophy of proximal end with complete medullary 

occlusion (Figure 20.125) 
- There is only a single, very thin layer of cortical bone remaining 
- Cortex is smooth in nature with no evidence of porous, active bone 

deposition 
- Overall surface texture is irregular with areas of well-integrated lumps 

and ridges of compact bone (Figure 20.126) 
- Small focal area of less well-integrated, irregular bone formation on 

medial and lateral aspects of proximal end 
- Relatively oval depression in cortical surface on anteromedial aspect of 

proximal end (24mm x 17mm) (Figure 20.127) 
- Proximal articular surface is unaffected 

R/L femur, L 
tibia - Unaffected 

  

Table 20.17- Measurements of the radii and tibiae of SPC-2799. 
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 Measurement R (mm) L (mm) 

Radius 
Maximum length 247 235 
Maximum head diameter 24 21 

Tibia 

Maximum length - 355 
Maximum proximal epiphyseal breadth 75 72 
Anterior-posterior diameter at nutrient foramen 52 34 
Medial-lateral diameter at nutrient foramen 49 24 

 

 
Figure 20.119- Increased thickness and hooking of the medial end of the right clavicle of SPC-2799. 

Produced with kind permission of English Heritage. 

 
Figure 20.120- Hypertrophy of the right radius of SPC-2799 (anterior view). Produced with kind 

permission of English Heritage. 
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Figure 20.121- Hypertrophy of the right radius of SPC-2799 (posterior view). Note the areas of 

ridging. Produced with kind permission of English Heritage. 

 
Figure 20.122- Hypertrophy of the right radius of SPC-2799 (lateral view). Note the bony spur on the 

anterior surface. Produced with kind permission of English Heritage. 

 
Figure 20.123- Rougher, jagged bone deposition on the distal medial aspect of the right radius of 

SPC-2799. Produced with kind permission of English Heritage. 

 
Figure 20.124- Deformation of the right radial tuberosity of SPC-2799 with cavitations and lumps of 
compact bone. Note the smooth oval cavitation on the lateral aspect of radial head. Produced with 

kind permission of English Heritage. 
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Figure 20.125- Hypertrophy of the proximal end of the right tibia of SPC-2799 (lateral view). Produced 

with kind permission of English Heritage. 

 
Figure 20.126- Hypertrophy of the proximal end of the right tibia of SPC-2799 (posterior view). Note 

the pronounced, thick soleal line and areas of bony ridging. Produced with kind permission of English 
Heritage. 

 
Figure 20.127- Ovular indentation on the medial aspect of the proximal end of right tibia of SPC-2799. 

Produced with kind permission of English Heritage. 
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There are several conditions which must be considered for the differential 

diagnosis of the pathological alterations observed in SPC-2799, �L�Q�F�O�X�G�L�Q�J�� �3�D�J�H�W�¶�V��

disease, osteomyelitis (Section 22.1), treponemal disease (Section 22.3), and fibrous 

�G�\�V�S�O�D�V�L�D�����3�D�J�H�W�¶�V���G�L�V�H�D�V�H���F�D�Q���E�H���H�[�F�O�X�G�H�G���D�V��the axial skeleton is more commonly 

affected than the appendicular skeleton (Ortner 2003: 435), the tibial medullary cavity 

was occluded, and the cortical surfaces of the tibia and radius were not consistent with 

the pumice-�O�L�N�H���W�H�[�W�X�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���3�D�J�H�W�¶�V���G�L�V�H�D�V�H��(Ortner 2003: 437-8). 

Sclerosing osteomyelitis of Garré is a rare, non-suppurative form of 

osteomyelitis. This disease results in periosteal and endosteal bone deposition with 

thickening of the cortex and occlusion of the medullary cavity without any evidence of 

a sinus or cloaca (Aufderheide and Rodríguez-Martín 1998: 178; Ortner 2003: 185). It 

seems unlikely that such a rare disease would manifest in two separate bones in the 

same individual, and cortical thinning was observed in SPC-2799 rather than the 

expected thickening of osteomyelitis. Therefore, osteomyelitis is a less likely diagnosis 

for SPC-2799.  

Treponemal disease can lead to non-gummatous bone deposition in the long 

bones (most commonly the tibia), resulting in a thick, heavy bone, as observed in SPC-

2799 (Ortner 2003: 285-6), and should remain a possible diagnosis (Mays et al. 2010). 

However, as only the two long bones were affected and there were no gummatous 

lesions or caries sicca identified in a well-preserved skull, this diagnosis seems less 

likely. 

Fibrous dysplasia is characterised by the replacement of normal marrow and 

trabecular bone with woven bone and fibrotic stroma mixed with disorganised 

trabecular bone spicules (Feldman 2002). Fibrous dysplasia occurs most frequently in 

the rib, proximal femur, mandible, and tibia (Ortner 2003: 443). The condition is 

monostotic (occurring in one bone) in 70-80% of cases (Feldman 2002). If SPC-2799 

had fibrous dysplasia, it would be an example of the rare polyostotic form of the 

disease. In the polyostotic form of the disease, the areas of involvement are usually 

unilateral and occur on the same side of the body, as observed in SPC-2799 (Mohan 

et al. 2011).  

The disease results in the expansion of parts of the diaphysis (in a long bones), 

�Z�K�L�F�K���J�L�Y�H�V���W�K�H���R�X�W�H�U���E�R�Q�H���V�X�U�I�D�F�H���D���³�E�X�O�J�L�Q�J���R�U���X�Q�G�X�O�D�W�L�Q�J���F�R�Q�W�R�X�U�´��(Feldman 2002: 

4828). When the lesion is large, there is an obvious expansion of the diaphysis which 

then narrows back down to the width of the normal bone (Feldman 2002), although 
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the entire shaft can be involved (Stewart et al. 1962; Kransdorf et al. 1990; Ortner 

2003: 443), as observed in SPC-2799. 

The replacement of the trabecular and cortical bone with fibrous tissue leads to 

cortical thinning (Feldman 2002; Ortner 2003: 443), which was evident in SPC-2799. 

Bending and bowing deformities (Ortner 2003: 443) were not observed in SPC-2799, 

however, because of the hypertrophy, cortical thinning, and distribution of involved 

elements, fibrous dysplasia should remain as a possible diagnosis, although it may 

have been a less severe form of the disease. 

Although a definite diagnosis cannot be confirmed, the functional impacts of the 

pathological alterations observed in the right tibia and radius can be considered. If 

SPC-2799 had fibrous dysplasia, common symptoms include swelling in the affected 

area and pain (Mohan et al. 2011). Similarly, if SPC-2799 had an infection 

(osteomyelitis, treponemal, non-specific), it is likely that such severe swelling of the 

right tibia and radius would have caused pain. Thus, it is reasonable to assume that 

SPC-2799 experienced pain in the lower right leg and right forearm. Pain in the lower 

limb probably led to an abnormal gait, which would have been visually distinctive, and 

decreased efficiency of both the right upper and lower limbs would have limited SPC-

2799 in terms of normal participation in social and economic activities.  

 

20.2.18 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��2801 

 SPC-2801 was a middle adult female. Descriptions of the pathological 

alterations observed in SPC-2801 are provided in Table 20.18. 

 

 

 

 

 

 

 

 

Table 20.18- Descriptions of pathological alterations observed in SPC-2801. 
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Bone Description 

R femur 

- Deformation of femoral head with thick, irregularly shaped osteophytic 
lipping on inferior and posterior borders of articular surface (Figure 
20.128 and Figure 20.129) 

- Femoral head is more conical-shaped than normal (Figure 20.130) 
- Eburnation on superoanterior aspect of femoral head with macroporosity 

(Figure 20.131) 
- Superior-inferior furrows of bone with ridging on anterior aspect of 

femoral head towards lateral side (Figure 20.131) 

R 
acetabulum 

- Deformation of acetabulum�Æ articular surface has been enlarged and is 
shallower than normal 

- Large area of irregularly shaped bone growth on medial and inferior 
aspect which expands into and overlies the smooth lunate surface 

- Lateral and superior aspects that are still relatively smooth�Æ eburnation, 
macroporosity, and evidence of grooving 

  

When the right femoral head and acetabulum are articulated, the thick, irregular 

osteophyte on the inferior margin of the femoral head appears to match up with the 

irregular bone growth on the medial and inferior aspects of the acetabulum (Figure 

20.132). This allows for relatively normal articulation between the two bones, but 

because of the abnormal shape of the femoral head and the acetabulum, movement 

is not possible at all angles. From an anatomical position, it appears as if anterior 

movement of the femur was possible, while posterior movement was not. The extent 

to which the femur could move medially and laterally is unclear.    
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Figure 20.128- Thick, irregular osteophytic lipping on the inferior and posterior margins of the right 

femoral head of SPC-2801. Produced with kind permission of English Heritage. 

 
Figure 20.129- Thick, irregular osteophytic lipping on the posterior margin of the right femoral head of 

SPC-2801. Produced with kind permission of English Heritage. 
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Figure 20.130- Abnormal, conical shape of the right femoral head of SPC-2801. Produced with kind 

permission of English Heritage. 

 
Figure 20.131- Eburnation on the superoanterior aspect of the right femoral head of SPC-2801. Note 

the ridging and furrowing of bone on the lateral aspect of the articular surface. Produced with kind 
permission of English Heritage. 
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Figure 20.132- Articulation between the right femoral head and acetabulum of SPC-2801. Produced 

with kind permission of English Heritage. 

 

Following the guidelines for the diagnosis of palaeopathological OA provided 

by Waldron (2009: 33-34), it is clear that SPC-2801 had OA of the right hip. The 

functional impact of hip OA will vary between individuals, and it will certainly not always 

be physically impairing. However, superior and inferior osteophytes have been 

associated with lower levels of hip flexion, internal/external rotation, and 

abduction/adduction (Holla et al. 2011), and because of the extensive osteophytosis 

observed in SPC-2801, it is likely that this individual experienced reduced range of 

motion in the right hip. Other clinical symptoms of hip OA include diffuse pain 

throughout the anterior groin with radiation to the buttocks and into the knees or shins, 

restricted and painful movement of the joint, and difficulties with long periods of 

walking (Resnick 2002c; Doherty et al. 2005). Although it must be kept in mind that 

the experience of and sensitivity to pain is variable between individuals (Mogil 1999), 

because of the extensive osteophytosis, and because it appears as if the right femur 
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of SPC-2801 would not have been able to rotate posteriorly, it is likely that the 

pathological alterations observed in SPC-2801 would have been physically impairing 

to an extent. The abnormal articulation of the right hip along with the probable pain 

associated with the condition would probably have resulted in a visually distinctive, 

abnormal gait, which may have restricted SPC-2801 in terms of normal participation 

in economic and social activities.   
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21  Excluded individuals 
There were several individuals who experienced traumatic injuries and 

fractured bones who may have experienced a period of physical impairment while the 

bone was healing and the affected limb was not functional. However, for this project, 

these individuals were not considered physically impaired as the period of impairment 

was probably short-lived, and their resultant bony alterations were probably not severe 

enough to cause a significant functional impairment or visual deformity. Specifically 

regarding fractures of the tibial shaft, Ellis (1958) found that, in general, united tibial 

shaft fractures do not cause significant disability (Table 21.1). Although the patients 

involved in this study would have had access to modern medicine, it seems likely that 

Anglo-Saxons were able to set fractures relatively well, especially as none of the tibial 

fractures observed were severely malaligned. Thus, although the tibial fractures 

observed in the Anglo-Saxon individuals caused some deformity of the bone, it is likely 

that with the soft tissue and clothing cover, any visible deformities of the lower leg 

were unnoticeable. In addition, as noted by Ellis (1958), even 1-2 cm shortening did 

not cause a significant change in gait. Therefore, it would be inappropriate to assume 

that the tibial fractures observed in the Anglo-Saxon individuals definitely caused a 

noticeable gait change. 

 

Table 21.1- Summary of tibial fracture functional outcomes. Source: Ellis (1958). 

# of 
limbs 

% of 
limbs Functional/anatomical outcome 

295 86.0 No functional or anatomical issues 
19 5.5 1.27-1.91cm shortening�Æ mild dipping gait usually unnoticed by patient 
8 2.5 Limited flexion of knee�Æ difficult in kneeling tasks 
21 6 Limitation of ankle/foot movement �Æ pain when walking, running, dancing 

  

The individuals who experienced traumatic injury, but were not included as 

physically impaired are briefly described below.  

 

21.1 B�X�W�O�H�U�¶�V���)�L�H�O�G��106 
 BF-106 was a middle adult who was probably male. There is a well-healed but 

malaligned fracture of the left clavicle which caused inferior displacement of the lateral 
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half of the bone (Figure 21.1 and Figure 21.2). All the left upper limb long bones are 

shorter than the right as summarised in Table 21.2 (Figure 21.3). 

 

Table 21.2- Upper limb long bone measurements for BF-106. 

Bone Measurement R (mm) L (mm) 

Humerus  

Maximum length 317 296 
Epicondylar breadth 64 62 
Vertical head diameter 47 45 
Maximum diameter at midshaft 24 22 

Radius 
Maximum length 243 237 
Maximum head diameter 23 23 

Ulna Maximum length 270 262 
 

Nothing is abnormal about either glenoid cavity, although the facet of the 

acromion of the right clavicle is enlarged with evidence of eburnation. The left 

metacarpals are visibly smaller than the right, although there is no measurable 

difference. There is a slight asymmetry in shape between the left and right ulnae with 

anterior bowing of the distal end of the left ulna (Figure 21.4). 

 
Figure 21.1- Well-healed but malaligned fracture of the left clavicle of BF-106 (posterior view). 

Produced with kind permission of the Corinium Museum. 

 
Figure 21.2- Well-healed but malaligned fracture of the left clavicle of BF-106 (anterior view). 

Produced with kind permission of the Corinium Museum. 
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Figure 21.3- Asymmetry in lengths of the right and left humeri of BF-106. Produced with kind 

permission of the Corinium Museum. 

 
Figure 21.4- Asymmetry in the angle of the distal ends of the right and left ulnae of BF-106. Note the 

anterior bowing of the left ulna. Produced with kind permission of the Corinium Museum. 

 It is likely that BF-106 experienced a traumatic injury to the left upper limb which 

resulted in the fractured left clavicle and bowing of the left ulna. If the fracture occurred 

during development, it is possible that the left arm was unused for a period of time, 

which may have resulted in the shortened humerus. As the asymmetry of the humeri 

is not drastic, it may not have been very visually noticeable in life. The anterior bowing 

of the left distal ulna is relatively slight, and although the hand would have been held 

at a slightly abnormal angle, it may also not have been noticeable in life. It is clear 
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from the muscle attachments on the left humerus that BF-106 continued to use this 

limb in life, and therefore it is unlikely that he was significantly impaired.  

 

21.2 B�X�W�O�H�U�¶�V���)�L�H�O�G��159 

 BF-159 was a middle adult female. There is a well-healed but slightly 

malaligned fracture to the distal end of the left tibia causing lateral and slight anterior 

displacement of the distal end of the bone (Figure 21.5 and Figure 21.6). The left tibia 

is 17mm shorter than the right. There is some smooth but irregular PNB formation on 

the anterior and medial distal shaft, but no evidence of severe infection. There is a 

smooth exostosis on the anterior lateral aspect of the distal joint surface which projects 

about 12mm in an anterior and lateral direction (Figure 21.7). 

 There is also a fracture of the distal shaft of the left fibula which has caused 

lateral and anterior displacement of the distal end of the bone (Figure 21.8). The left 

femur is slightly shorter and slimmer than the right, but this could be due to natural 

variation. There is no noticeable difference in the size of the foot bones. 

 
Figure 21.5- Lateral bowing of the distal end of the left tibia of BF-159. Produced with kind permission 

of the Corinium Museum. 
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Figure 21.6- Well-healed but slightly malaligned fracture of the distal end of the left tibia of BF-159. 

Produced with kind permission of the Corinium Museum. 

 
Figure 21.7- Exostosis extending from the anterolateral aspect of the distal joint surface of the left 

tibia of BF-159. Produced with kind permission of the Corinium Museum. 
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Figure 21.8- Fracture of the distal shaft of the left fibula of BF-159 with anterior and lateral 

displacement. Produced with kind permission of the Corinium Museum. 

  

The length discrepancy between the tibiae and the angulation of the left distal 

end are not severe, and therefore BF-159 probably did not experience any functional 

or anatomical impairments. 

 

21.3 Worthy Park 38 
WP-38 was a middle adult male. During excavation Sonia Chadwick Hawkes 

realised that the entire left upper limb of WP-38 was missing, including the scapula 

and clavicle. Recognising the uniqueness of this burial, Chadwick Hawkes made note 

that the right hand, which was placed over the chest, was still articulated, and that the 

soil of the grave was very compact with no signs of Anglo-Saxon or modern 

disturbance (Hawkes and Wells 1976). In her opinion, post-mortem disturbance by 

anim�D�O�V���F�R�X�O�G���E�H���U�X�O�H�G���R�X�W���D�V���³�L�W���Z�R�X�O�G���K�D�Y�H���E�H�H�Q���L�P�S�R�V�V�L�E�O�H��to remove the clavicle 

and scapula without disturbing the ribs and the beautifully articulated finger bones of 

�W�K�H�� �U�L�J�K�W�� �K�D�Q�G���� �Z�K�L�F�K�� �Z�H�U�H�� �S�O�D�F�H�G�� �R�Y�H�U�� �W�K�H�� �F�H�U�Y�L�F�D�O�� �Y�H�U�W�H�E�U�D�H�´��(Hawkes and Wells 

1976: 1229).  

�,�Q���������������D�Q���D�U�W�L�F�O�H���Z�D�V���S�X�E�O�L�V�K�H�G���S�U�H�V�H�Q�W�L�Q�J���&�D�O�Y�L�Q���:�H�O�O�V�¶���S�D�O�D�H�R�S�D�W�K�R�O�R�J�L�F�D�O��

analysis of WP-38 (Hawkes and Wells 1976: . Please note that all page numbers 

referenced in the following two paragraphs are from this publication.). Please note that 

all page numbers referenced in the following two paragraphs are from this publication. 

�'�H�V�F�U�L�E�L�Q�J���W�K�H���H�Y�L�G�H�Q�F�H���D�V���³�S�U�H�F�L�V�H���D�Q�G���X�Q�D�P�E�L�J�X�R�X�V�´�����:�H�O�O�V���F�R�Qcluded that WP-38 
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represents a case of congenital absence of the upper limb (1231). Wells reported that 

WP-�������K�D�G���³�R�E�Y�L�R�X�V�´�����������������O�D�W�H�U�D�O���V�S�L�Q�D�O���V�F�R�O�L�R�V�L�V���U�H�V�X�O�W�L�Q�J���I�U�R�P���D���O�L�I�H���R�I���F�R�Q�V�L�V�W�H�Q�W��

torso rotation, as evidenced by transverse wedging of the vertebrae, rotation of the 

�V�S�L�Q�R�X�V�� �S�U�R�F�H�V�V�H�V���� �D�Q�G�� �³�R�E�W�U�X�V�L�Y�H�´�� �������������� �D�V�\�P�P�H�W�U�\�� �E�H�W�Z�H�H�Q�� �W�K�H�� �U�L�J�K�W�� �D�Q�G�� �O�H�I�W��

zygapophyseal joints and costal facets of the vertebrae. Wells reported that the right 

and left rib bodies and the articular facets of the rib heads were asymmetrical due to 

the absence of the major chest and torso muscles. Due to the curve and rotation of 

the spine, Wells posited that the pelvis would also have been affected, as evidenced 

by asymmetrical acetabula and the ossification of the ligaments around the right 

auricular surface and sacral ala, which were absent on the left. Finally, an exostosis 

�R�Q���W�K�H���U�L�J�K�W���W�D�O�X�V���Z�D�V���G�H�V�F�U�L�E�H�G���D�V���W�K�H���U�H�V�X�O�W���R�I���Z�D�O�N�L�Q�J���Z�L�W�K���D�Q���D�E�Q�R�U�P�D�O���J�D�L�W�����,�Q���:�H�O�O�V�¶��

opinion there is n�R�W�� �D�� �³�V�K�D�G�R�Z�� �R�I�� �G�R�X�E�W�´�� �������������� �D�Q�G�� �W�K�H�U�H�� �³�Q�H�H�G�� �E�H�� �Q�R�� �K�H�V�L�W�D�W�L�R�Q�´��

(1235) in the diagnosis that WP-38 was born without his upper left limb, thus making 

WP-38 �³�O�L�W�H�U�D�O�O�\���D�Q���$�Q�J�O�R-Saxon one-�D�U�P�H�G���E�D�Q�G�L�W�´���������������� 

 Palaeopathological analysis was performed on WP-38 by the current author 

with particular consideration of all the elements Wells utilised to support his diagnosis. 

The inferior zygapophyseal of C2 and the superior and inferior zygapophyseal joints 

�R�I���&�����D�U�H���V�O�L�J�K�W�O�\���O�D�U�J�H�U���R�Q���W�K�H���O�H�I�W�����E�X�W���Q�R�W���³�P�X�F�K���E�L�J�J�H�U�´�������������� (Figure 21.9). The 

�F�R�V�W�D�O���I�D�F�H�W�V���R�I���W�K�H���W�K�R�U�D�F�L�F���Y�H�U�W�H�E�U�D�H���Z�H�U�H���Q�R�W���³�F�R�Q�V�L�G�H�U�D�E�O�\���O�D�U�J�H�U�´��(1234) on the left 

than right, as no obvious asymmetry was noted. The left rib heads were not noticeably 

larger than the right, nor were the shapes of the right and left ribs asymmetrical as 

suggested by Wells�����$�O�W�K�R�X�J�K���W�U�D�Q�V�Y�H�U�V�H���Z�H�G�J�L�Q�J���Z�D�V���U�H�S�R�U�W�H�G�O�\���³�H�V�S�H�F�L�D�O�O�\���P�D�U�N�H�G�´��

(1233) in the thoracic spine, again, no obvious asymmetry was noted. There is 

evidence for slight rotation of T4 and T5 to the right, as well as a slight right angulation 

of the T4-T6 segment, and a few instances of slightly angulated thoracic spinous 

processes (Figure 21.10). 
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Figure 21.9- C1-C7 of WP-38. Produced with kind permission of The Duckworth Laboratory. 
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Figure 21.10- Slight scoliosis of T4-T9 of WP-38. Produced with kind permission of The Duckworth 

Laboratory. 

 

There was no obvious asymmetry between the right and left acetabula nor 

between the ossified ligaments attaching around the right and left auricular surfaces. 

The right ala of the sacrum is slightly shorter antero-posteriorly, and there is a slight 

left deviation of the spinous tubercle of S1 (Figure 21.11). There is a slight difference 

in the right and left FNAs (Figure 21.12), and the soleal line of the tibia is slightly more 

defined on the left side (Figure 21.13). Although mild thoracic and lumbar scoliosis 

was identified along with several other mild asymmetries, these alterations were not 
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significant enough to use as primary evidence for the diagnosis of unilateral congenital 

upper limb amelia. 

 
Figure 21.11- Very slight anterior-posterior shortening of the right ala of the sacrum of WP-38. 

Produced with kind permission of The Duckworth Laboratory. 

 
Figure 21.12- Asymmetrical FNAs of WP-38. Produced with kind permission of The Duckworth 

Laboratory. 
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Figure 21.13- Slightly asymmetrical soleal lines on the right and left tibiae of WP-38. Produced with 

kind permission of The Duckworth Laboratory. 

 

WP-38 also had a well-healed fracture to the right zygomatic and maxilla bones 

with no evidence of infection (Figure 21.14). Additionally, there is a well-healed 

fracture to the left mandible, which caused enlargement of the mental foramen and 

slight thickening of the mandibular body in the area of the left second premolar, which 

was lost ante-mortem (Figure 21.15). Finally, there is a well-healed fracture (c.28mm 

in length) in the left aspect of the occipital squama, just inferior to the nuchal crest with 

smooth edges and no sign of infection (Figure 21.16). 
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Figure 21.14- Well-healed fracture of the right zygomatic and maxilla of WP-38. Produced with kind 

permission of The Duckworth Laboratory. 

 
Figure 21.15- Well-healed fracture to the left side of the mandible of WP-38. Produced with kind 

permission of The Duckworth Laboratory. 
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Figure 21.16- Well-healed sharp force trauma to the left side of the occipital bone of WP-38. 

Produced with kind permission of The Duckworth Laboratory. 

 

Several pathological and non-pathological scenarios should be considered for 

the explanation of this unique burial, including in vivo forequarter amputation, 

deliberate post-mortem removal of the limb, post-mortem animal activity, and unilateral 

congenital amelia. 

Surgical forequarter amputation involves the removal of the entire upper limb 

along with the scapula and clavicle. In modern times, this rare surgery is usually 

reserved for severe sarcomas of the proximal humerus and scapula (Malawer and 

Sugarbaker 2001), and it is highly unlikely that Anglo-Saxons possessed the technical 

ability to perform such a high-risk surgery (pers comm Keith Manchester). In addition, 

traumatic forequarter amputation only occurs when extreme tension force is present 

(Layton et al. 1981), and in most cases is associated with powered machinery (Kirkup 

2007: 30), thus making this an unlikely explanation for the absent upper left limb of 

WP-38. 

Deliberate removal of the left upper limb must be considered. Post-mortem 

removal of body parts, although rare, does occur in Anglo-Saxon cemeteries 
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(Reynolds 2009). However, if the removal of WP-�����¶�V�� �O�H�I�W�� �D�U�P�� �R�F�F�X�U�U�H�G�� �V�R�R�Q�� �D�I�W�H�U��

death, an instrument would have been necessary to remove the limb, which would 

probably have left cut marks on the surrounding bones. In addition, it seems unlikely 

that those removing the arm would then also remove the clavicle and scapula. This 

would have required the removal of the clavicle from the M. pectoralis major (attaches 

along the entire length of the sternum), and the scapula from the M. trapezius (attaches 

to the back of the skull and along the cervical and thoracic spinous processes), which 

would have left cut marks on the surrounding bones. 

Although rare, there are instances of Anglo-Saxon manipulation of bodies post-

burial, which tended to occur after the body had decomposed significantly (Klevnäs 

2011; but see Aspöck 2015). The body manipulations generally consisted of the 

rearrangement of the skull or limbs, although in one case, the skull, humeri, and 

claviculae were removed from the partially articulated skeleton in Grave II at 

Nassington, and the upper spine was disturbed (Klevnäs 2011). At Winnall, 

Hampshire, only a few instances of ancient disturbance were recorded by the original 

excavators, and there was no evidence of ancient intervention pits. However, Aspöck 

(2011; 2015) demonstrates that a large number of the graves were re-opened for body 

manipulation, deposition of objects, and for reasons that are not detectable 

archaeologically. Thus, although post-burial manipulation is a possibility in the case of 

WP-38, the removal of the clavicle and scapula would probably have disturbed the 

cervical vertebrae, the left ribs, and the phalanges of the right hand which were placed 

on top of the cervical spine. 

It is possible that the left upper limb and pectoral girdle were removed by animal 

scavenging (probably fox or dog). Haynes (1982) found that canids generally tend to 

remove groups of bones when scavenging- the upper limb and scapula is one such 

group. Haglund et al. (1989) investigated the canid scavenging of 46 partially and fully 

skeletonised human remains and found that canids follow a general pattern of 

consumption: the first stage consists of the removal of soft tissue without any 

disarticulation, and the next stage consists of the removal of one or both of the upper 

limbs including the scapulae and partial/complete claviculae. Usually this coincides 

with removal of the sternum, destruction of the sternal rib ends, and evisceration. It 

should be noted that this study included human cadavers that were unconcealed, 

whereas WP-38 was buried 0.23m below the chalk surface, and may have been 

covered with a mound. However, it is certainly conceivable that a fox or dog burrowed 
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towards the upper left corner of the grave and removed the left upper limb and pectoral 

girdle of the partially decomposed WP-38 without leaving any evidence that could be 

identified archaeologically (pers comm Rob Janaway).  

Limb deficiencies occur more in the upper limbs than the lower limbs, are four 

times more likely to be unilateral than bilateral, and many types of defects affect males 

more than females (Stevenson 2015). Amelia occurs in only 2% of cases of limb 

deficiency, with two thirds of these involving only one limb (Stevenson 2015). In cases 

of limb defects, the pectoral and pelvic girdles are usually normal (Stevenson 2015). 

However, mention of upper limb amelia with the absence of a scapula was noted in a 

recently published textbook (Herring 2014), and Hunter et al. (1976) present a case of 

an 11-year-old female with the complete absence of the right upper limb and pectoral 

girdle (besides a small segment of the medial clavicle). Although it appears to be rare, 

these two cases indicate that it is possible to observe congenital absence of the limb 

and the pectoral girdle as noted in WP-38.  

There is an increased incidence of scoliosis in individuals with upper limb 

deficiencies. Olgun et al. (2017) describe two individuals with unilateral upper limb 

amelia (one individual with two scoliotic curves of 45° and 43°, and one individual with 

a scoliotic curve of 46°). Less recent clinical studies report that that 50% of individuals 

with unilateral amelia present with scoliosis (Powers et al. 1983), and that 60% of 

individuals with upper limb deficiencies present with scoliosis (Hammond et al. 1972). 

Cases of amelia are also commonly associated with neural tube, cardiac, 

gastrointestinal, and genitourinary issues (Stevenson 2015), along with other 

musculoskeletal defects including cleft palate, club foot, and other limb deficiencies of 

the other arm (Frantz and O'Rahilly 1961).  

In summary, if WP-38 did have a unilateral congenital amelia, one might expect 

to find an individual with more significant scoliosis than was observed along with other 

skeletal defects. But the possibility remains that unilateral congenital absence of the 

left upper limb and pectoral girdle occurred as an isolated defect in WP-38, although 

it would have been extremely rare. If WP-38 did have a unilateral congenital amelia, 

he would have been very obviously visually distinctive as an entire limb would have 

been missing. In addition, although it is likely that WP-38 would have adapted to only 

having one arm, he would have been less efficient at or perhaps unable to perform 

some activities which required two arms. 
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Although Hawkes reports that the right hand, which was crossed over the chest 

�Z�D�V���³�E�H�D�X�W�L�I�X�O�O�\���D�U�W�L�F�X�O�D�W�H�G�´ (Hawkes and Wells 1976: 1229), upon closer inspection 

of the excavation photograph, the undisturbed nature of the right hand is drawn into 

question (Figure 21.17). The first row of hand bones closer to the right side of the body 

appears to consist of (medial to lateral) a proximal phalanx with the dorsal side up, the 

first metacarpal with the palmar side up, and two metacarpals with the (probable) 

dorsal sides up. In the second row of hand bones closer to the left side of the body, 

while the bottom two most lateral phalanges do appear to be in the correct position, 

the top phalanx appears to be reversed, with the distal end pointing proximally. Clearly, 

the right hand has been disturbed as there are various elements which are not in the 

correct articulated position. 
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Figure 21.17- Photograph of the in situ burial of WP-38. Source: Hawkes and Grainger (2003: 145).        

© University of Oxford School of Archaeology. 

 

While traumatic or surgical forequarter amputation can be confidently excluded, 

three possible explanations remain for the absence of WP-�����¶�V�� �O�H�I�W�� �X�S�S�H�U�� �O�L�P�E�� �D�Q�G��

pectoral girdle. Unilateral congenital upper limb amelia remains a possibility, although 

it seems more likely that an individual with such a deficiency would have exhibited 

more severe scoliosis and/or other skeletal defects. Similarly, post-mortem 

disturbance by humans or animals cannot be ruled out, and the fact that the right hand 

was somewhat disturbed post-mortem gives more credence to these two theories. It 

is perhaps more likely that human intervention would have caused more disturbance 

to the skeleton than is observed: all of the soil on top of the body would have to be 



 

410 
 

removed, and then the scapula, which would have been located under the ribs, would 

have to be removed with minimal disturbance. On the other hand, a burrowing 

scavenger would only have had to make a hole in one corner of the grave, grab hold 

of the left shoulder and pull, and the weight of the soil on top of the body may have 

aided in minimising the disturbance to the skeleton. 

In summary, it has been demons�W�U�D�W�H�G�� �W�K�D�W�� �&�D�O�Y�L�Q�� �:�H�O�O�V�¶�� �X�Q�T�X�H�V�W�L�R�Q�D�E�O�H��

diagnosis should indeed be questioned. Two other logical theories to explain the 

absence of the left upper limb and pectoral girdle have been presented and must be 

considered alongside the possible diagnosis of the extremely rare condition of 

congenital unilateral upper limb amelia.  

 

21.4 �%�H�Y�L�V�¶�V���*�U�D�Y�H��31 
 BGR-31 was a middle adult individual who was probably female (although the 

current author recorded BGR-31 as an adult of indeterminate sex). There is 

deformation in the shape of the distal end of the right tibia with an increase in the 

diameter of the bone, probably due to a well-healed fracture (Figure 21.18). The shaft 

is slightly malaligned with minor lateral displacement, but the distal articular surface is 

generally at the correct angle. The right tibia is 6mm shorter than the left (Figure 

21.19).  

There is a diamond-shaped perforation on the anterior surface of the distal shaft 

(11mm x 3mm) with rounded but relatively thin margins. Because there is no evidence 

of chronic discharge (i.e., thicker, rounded perforation margins), and there is no 

evidence of reactive bone proliferation, it is unlikely that this is a cloaca (Figure 21.20). 

It is possible that this perforation represents external trauma to the distal end of the 

tibia which caused fracturing of the bone. 

 There is deformation to the shape and angle of the proximal end of the right 

fibula, but taphonomic damage limits description and analysis of this area. The cortex 

of the bone at the proximal end of the bone is no longer smooth, but rough and 

somewhat irregular. There is anterior displacement of the proximal end of the bone 

(Figure 21.21) and evidence of two bony spurs between which there is thinning of the 

shaft of the fibula (although taphonomic damage cannot be ruled out) (Figure 21.22).  
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Figure 21.18- Increase in shaft diameter of the distal end of the right tibia of BGR-31. Produced with 

kind permission of the Portsmouth Museum. 

 
Figure 21.19- Comparison of the right and left tibiae of BGR-31. Produced with kind permission of the 

Portsmouth Museum. 
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Figure 21.20- Diamond-shaped perforation in the cortex of the anterior surface of the distal shaft of 

the right tibia of BGR-31. Produced with kind permission of the Portsmouth Museum. 

 
Figure 21.21- Anterior displacement of the proximal end of the right fibula of BGR-31. Produced with 

kind permission of the Portsmouth Museum. 

 
Figure 21.22- Two bony spurs on the proximal end of the right fibula of BGR-31 with thinning of the 

shaft in between. Produced with kind permission of the Portsmouth Museum. 
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It appears as if some sort of trauma occurred to the right lower leg of BGR-31, 

which resulted in the fracture of the distal tibia and proximal fibula. Although in many 

cases fractures of the tibia and fibula occur at the same level, it is also very common 

for them to occur at different levels (Resnick 2002n), as observed in BGR-31. As the 

shaft of the right tibia was relatively well-aligned, and there was only a 6mm 

discrepancy between the lengths of the right and left tibiae, BGR-31 probably did not 

experience any functional or anatomical impairments.  

 

21.5 Black Gate 614 
BLG-614 was an adult of indeterminate sex (although the current author 

recorded BLG-614 as an adult male). There is lateral bowing of the proximal right 

femur (Figure 21.23), lateral extension of the superior aspect of the proximal articular 

surface, and eburnation on the superior aspect of the femoral head. There is also 

medial (Figure 21.24) and anterior (Figure 21.25) bowing of the proximal and midshaft 

of the left tibia. 

 
Figure 21.23- Lateral bowing of the proximal right femur of BLG-614. Produced with kind permission 

of the Department of Archaeology, University of Sheffield. 

 
Figure 21.24- Medial bowing of the left tibia of BLG-614. Produced with kind permission of the 

Department of Archaeology, University of Sheffield. 
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Figure 21.25- Anterior bowing of the left tibia of BLG-614. Produced with kind permission of the 

Department of Archaeology, University of Sheffield. 

 

Differential diagnoses for the bowing of the lower limb long bones include 

�%�O�R�X�Q�W�¶�V�� �G�L�V�H�D�V�H���� �F�R�Q�J�H�Q�L�W�D�O�� �E�R�Z�L�Q�J���� �3�D�J�H�W�¶�V�� �G�L�V�H�D�V�H���� �W�U�D�X�P�D���� �D�Q�G�� �U�L�F�N�H�W�V���� �%�O�R�X�Q�W�¶�V��

disease is caused by a disruption in the growth of the proximal epiphysis, which can 

result in bowing of the tibia (Jain et al. 2002; Resnick 2002i). However, as the bowing 

of the left tibia of BLG-614 occurs in the proximal half of th�H���G�L�D�S�K�\�V�L�V�����%�O�R�X�Q�W�¶�V���G�L�V�H�D�V�H��

can be excluded as a possible diagnosis. Congenital bowing of the tibiae can also be 

excluded, as it is a rare condition which usually corrects itself during childhood, and 

most often causes posterior and medial bowing of the tibia (Cheema et al. 2003; 

Brickley et al. 2008) (anterior and medial bowing was observed in BLG-614). 

 �3�D�J�H�W�¶�V�� �G�L�Vease can cause bowing of the lower limb extremities and usually 

manifests in lateral bowing of the femur and anterior bowing of the tibia (Resnick 

2002m), both of which were observed in BLG-614. However, long bone alterations are 

�X�V�X�D�O�O�\���D�F�F�R�P�S�D�Q�L�H�G���E�\���D���³�S�X�P�L�F�H-stone-�O�L�N�H�´���F�R�U�W�L�F�D�O���V�X�U�I�D�F�H���Z�K�L�F�K���Z�D�V���Q�R�W���R�E�V�H�U�Y�H�G��

in BLG-614, making this a less likely diagnosis (Brickley and Ives 2008: 233). It should 

be noted that radiographs were not available for BLG-614, which may have allowed 

�3�D�J�H�W�¶�V���G�L�V�H�D�V�H���W�R���E�H���U�X�O�H�G���R�X�W���G�H�I�L�Qitively.  

Traumatic injury can result in the bowing of long bones (Brickley et al. 2008). 

However, there is usually some other evidence suggestive of trauma (i.e., callus, 

fracture line), which was not observed in the right femur or left tibia of BLG-614, making 

this diagnosis unlikely.  

 Rickets is caused by a deficiency of Vitamin D, which causes softening of the 

bone and results in bowing deformities of the long bones (Brickley and Ives 2008: 97). 

The degree and shape of the deformities are variable between individuals and can 

also be variable within a specific individual (Brickley and Ives 2008: 97), as observed 
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in BLG-614, who had a deformed left tibia and normal right tibia. Analysis of the shape 

of the left femur was not possible due to post-mortem damage.  

 Although the medial lateral and anterior posterior bowing of the left tibia and the 

lateral bowing of the right proximal femur are relatively obvious in dry bone, it is likely 

that these alterations did not result in a visually distinctive deformity and change in gait 

was probably minimal. 

 

21.6 S�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��1106 
 SPC-1106 was an older adult male (although the current author recorded SPC-

1106 as a middle adult male). There is a well-healed and relatively well-aligned oblique 

fracture in the distal half of the left tibia. There is not much medial/lateral deviation at 

the fracture site (Figure 21.26 and Figure 21.27), but if the proximal end of the tibia is 

placed in anatomical position, the distal end has been displaced posteriorly (Figure 

21.28). This probably caused shortening of the entire bone, although no 

measurements were possible as the proximal and distal ends were damaged. There 

is some well-integrated striated bone deposition on the medial aspect of the shaft, and 

smooth, lumpy bone formation on the lateral aspect of the shaft around the site of the 

fracture. There is also a well-healed but mis-aligned oblique fracture of the proximal 

left fibula, resulting in lateral displacement of the proximal end (Figure 21.29). 

 There is osteophytic lipping of the distal articular surfaces of the left femur and 

osteophytic lipping of the left patella. There are no obvious size or shape differences 

between the right and left tali, calcanei, MT1s, MT2, or MT3s. 

 
Figure 21.26- Well-healed oblique fracture of the left tibia of SPC-1106 (anterior view). Note the lack 

of lateral/medial deviation. Produced with kind permission of English Heritage. 



 

416 
 

 
Figure 21.27- Well-healed oblique fracture of the left tibia of SPC-1106 (medial view). Note the 

posterior displacement of the distal end. Produced with kind permission of English Heritage. 

 
Figure 21.28- Well-healed oblique fracture of the left tibia of SPC-1106 (lateral view). Note the 
posterior displacement of the distal end. Produced with kind permission of English Heritage. 

 
Figure 21.29- Well-healed but misaligned fracture of the left fibula of SPC-1106. Note the lateral 

displacement of the proximal end. Produced with kind permission of English Heritage. 

 

Although there was obvious posterior displacement of the left tibia, the 

alteration is not severe. It is unlikely that this fracture caused shortening or angulation 

that was significant enough to be visually distinctive or cause a noticeably abnormal 

gait.  

 

21.7 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��1015 
 SPC-1015 was a middle adult who was probably male. There is a slight 

deformation in the shape of the distal end of the left humerus with a loss of convexity 

of part of the capitulum (Figure 21.30). There is eburnation in the centre of the distal 

articular surface (lateral aspect of the trochlea), which resulted in grooving, as well as 

on the capitulum (Figure 21.30). The left humerus is similar in size to the right humerus 
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with a pronounced deltoid tuberosity (Figure 21.31). There is deformation of the 

proximal end of the left radius which has been displaced laterally (Figure 21.32). There 

is enlargement of the articular surface of the radial head along with diffuse eburnation 

and porosity (Figure 21.33).  

There is a deformation of the smooth cortical surface of the proximal shaft of 

the left ulna, just lateral to the proximal joint surface. There is an indentation with 

rounded edges almost on the posterior aspect of the shaft, and anteriorly adjacent to 

this indentation is a relatively rectangular attached fragment of bone with rounded 

edges, similar in size to the indentation (Figure 21.34 and Figure 21.35). It is likely that 

this represents a well-healed fracture of the proximal left ulna. There is both eburnation 

and macroporosity on the coronoid process, the entire proximal joint surface is 

enlarged (Figure 21.36), and there is abnormality in the shape of the radial notch 

(Figure 21.37). 

 
Figure 21.30- Loss of convexity of the capitulum of the left humerus of SPC-1015, eburnation and 

grooving of the centre of the lateral aspect of trochlea, and eburnation and porosity of the capitulum. 
Produced with kind permission of English Heritage. 
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Figure 21.31- Pronounced deltoid tuberosity of the left humerus of SPC-1015. Produced with kind 

permission of English Heritage. 

 
Figure 21.32- Lateral displacement of the proximal end of left radius of SPC-1015. Produced with kind 

permission of English Heritage. 
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Figure 21.33- Enlargement, porosity, and eburnation of the articular surface of the left radial head of 

SPC-1015. Produced with kind permission of English Heritage. 

 
Figure 21.34- Indentation and adjacent rectangular bone fragment fused to the medial side of the 

proximal end of the left ulna of SPC-1015 (posterior view). Produced with kind permission of English 
Heritage. 
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Figure 21.35- Indentation and adjacent rectangular bone fragment fused to the medial side of the 
proximal end of the left ulna of SPC-1015 (medial view). Produced with kind permission of English 

Heritage. 

 
Figure 21.36- Enlargement of the proximal joint surface of the left ulna of SPC-1015. Produced with 

kind permission of English Heritage. 
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Figure 21.37- Abnormality in shape of the radial notch of the left ulna of SPC-1015. Note the porosity 

of the coronoid process. Produced with kind permission of English Heritage. 

 

The pathological alterations observed in the left elbow of SPC-1015 are 

consistent with a fracture and subsequent secondary OA. There was probably a 

traumatic injury which caused the fracture of the medial aspect of the proximal end of 

the ulna, which resulted in a bone fragment that then re-fused to the shaft. The lateral 

displacement of the radial head suggests the traumatic injury also affected this bone. 

Because the angle and shape of the radial head and the shape of the proximal ulna 

are only slightly abnormal, it is difficult to say with certainty that this individual was 

physically impaired. There may have been some elbow stiffness or pain, but the 

alterations may not have been significant enough to affect daily activities. 

 

21.8 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��1139 
 SPC-1139 was an older adult male. There is a well-healed and relatively well-

aligned fracture of the midshaft of the left femur. There is slight lateral displacement 

of the distal half of the femur, which may have altered the articulation with the left tibia 

(Figure 21.38). It is possible that there is some shortening of the left femur, but due to 

damage to both femora, comparison was not possible (Figure 21.39). The callus is 
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smooth on the anterior surface and more irregular on the posterior surface, with a 

crease between the healing fragments towards to distal end of the callus (Figure 

21.40).  

 
Figure 21.38- Lateral displacement of distal half of the left femur of SPC-1139. Produced with kind 

permission of English Heritage. 

 
Figure 21.39- Comparison of the femora of SPC-1139. Produced with kind permission of English 

Heritage. 

 
Figure 21.40- Posterior aspect of the callus demonstrating the more irregular surface and the �³�F�U�H�D�V�H�´��

in the left femur of SPC-1139. Produced with kind permission of English Heritage. 
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The fracture experienced by SPC-1139 must have been treated and reduced 

as there is only slight lateral displacement of the distal half of the left femur, which 

would have placed the articulation with the tibia at a slightly abnormal angle. Although 

there was some alteration in the angulation of the femoral shaft, it is not severe, and 

therefore it is unlikely that this fracture resulted in obvious visual deformity or gait 

change.  

 

21.9 �6�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��1235 
 SPC-1235 was a middle adult female. There is ankylosis of L3-L5. L4 and L5 

have fused through the vertebral bodies and neural arches, and L3 has fused to L4 

via a single osteophyte (Figure 21.41). There is slight evidence of irregular new bone 

formation on the body of L3, but nothing significant. There is an osteophyte on the 

inferior left aspect of L3, which attaches to an osteophyte on the superior left aspect 

of L4. L4 has irregular compact bone formation on all aspects of the body, giving it an 

overall lumpy appearance (Figure 21.42). There is a crescentic indentation in the 

irregular bone growth on the anterior aspect of the body of L4, which has relatively 

smooth, blunt edges. Due to the taphonomic damage, the fusion, and the remaining 

dirt, it is difficult to tell if there was anterior wedging of L4, but it is certainly possible 

(Figure 21.43). There is irregular compact bone formation on all aspects of the body 

of L5, giving the bone an overall lumpy appearance. Again, anterior wedging is 

possible but difficult to determine due to the ankylosis with L4 (Figure 21.43). There is 

disorganised, somewhat coralline new bone growth on the superior aspect of S1, 

perhaps suggesting that fusion of L5 and S1 was in progress (Figure 21.44). There is 

also a possible circular lytic lesion on the superior left surface of S1, and a more 

irregularly shaped oval one on the right side (Figure 21.44). It is difficult to determine 

whether these are lytic lesions or the consequences of taphonomic damage.   
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Figure 21.41- Ankylosis of L3-L5 of SPC-1235. Note the fusion of L4-L5 through the bodies and the 

fusion of L3-L4 through an osteophyte. Produced with kind permission of English Heritage. 

 
Figure 21.42- Irregular compact bone growth on all aspects of L4 and L5 of SPC-1235. Note the 

slightly crescentic indentation in the new bone growth of L4. Produced with kind permission of English 
Heritage. 
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Figure 21.43- Possible anterior wedging of L4 and L5 of SPC-1235. Produced with kind permission of 

English Heritage. 

 
Figure 21.44- Disorganised, coralline bone growth on the superior surface of S1 of SPC-1235. Note 

the possible lytic lesions on the right and left sides. Produced with kind permission of English 
Heritage. 
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It is likely that SPC-1235 had an infection of the lumbar spine (TB, osteomyelitis, 

non-specific infection, etc.). But because the new bone formation observed in L3-L5 

is smooth and well-integrated, it is clear that the probable infection of the lumbar spine 

was no longer active. SPC-1235 probably experienced a period of physical 

impairment, if the infection of the lumbar spine caused pain and a gait change. 

However, because the infection was not a very long-term condition, it is not 

appropriate to assume that SPC-1235 was physically impaired.  

 

21.10 S�W�����3�H�W�H�U�¶�V���&�K�X�U�F�K��1832 
 SPC-1832 was an adult of indeterminate sex. The only elements remaining are 

the shafts of the right and left tibiae. There is a well-healed but misaligned anterior-

posterior oblique fracture of the proximal left tibia which has caused the anterior 

displacement of the distal half of the tibia (Figure 21.45). Where the proximal and distal 

aspects of the anterior tibia overlap, there is a curving bony exostosis which extends 

from the distal shaft (Figure 21.46). There are no signs of infection. It is likely that this 

fracture would have caused some shortening of the left tibia, but the extent is unknown 

as so little of the lower limb remains.  

 
Figure 21.45- Anterior-posterior oblique fracture of the left tibia of SPC-1832. Produced with kind 

permission of English Heritage. 
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Figure 21.46- Curved bony exostosis on the anterior surface of the left tibia of SPC-1832 where the 

distal and posterior aspects meet. Produced with kind permission of English Heritage. 

 

Fractures of the tibia and fibula are the most common fracture type, and oblique 

fractures, as observed in the left tibia of SPC-1832, are usually caused by indirect 

forces such as twisting (Resnick 2002n). Rotational or angular malunion deformity can 

occur (as observed in SPC-1832), which is considered the most significant clinical 

consequence of a tibial fracture (Resnick 2002n). A clinical study on the lower legs of 

cadavers found that of the four angular deformities (anterior, posterior, varus, valgus), 

anterior angulation of the proximal 1/3 of the tibia did not cause a significant change 

in the area of contact or the shape of the contact area with the ankle (Ting et al. 1987). 

This suggests that the articulation between the left tibia, fibula, and ankle may not 

have been significantly affected by the anterior angulation of the distal half of the left 

tibia. Therefore, it is unlikely that the pathological alterations observed in the left tibia 

of SPC-1832 were severe enough to cause a visible deformity or an alteration in gait.  

 

22  Commonly considered differential diagnoses  

22.1 Osteomyelitis 

The best evidence of osteomyelitis in palaeopathological specimens is the 

identification of a sinus tract (cloaca) or sequestration and periosteal bone formation 

(involucrum) (Ortner 2003: 199). Cloacae form to allow granulation tissue and bits of 
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dead bone to exit the medullary cavity, and in some cases these cloacae can perforate 

the skin via sinuses or fistulae (Resnick 2002k).  

Hematogenous osteomyelitis (from bacteria in the bloodstream) is much more 

common in children, and, in adults, usually affects the axial skeleton (Resnick 2002k). 

Osteomyelitis due to direct implantation can occur anywhere in the skeleton in any 

age group (Ortner 2003: 181). Chronic osteomyelitis is more frequent in cases of direct 

implantation and contiguous soft tissue infection (Hatzenbuehler and Pulling 2011), 

although hematogenous osteomyelitis in adults can occur as continued or recurrent 

juvenile osteomyelitis (Ortner 2003: 187). 

 The clinical features of osteomyelitis vary with each individual, but usually 

include chronic pain and redness in the affected area, swelling, tenderness, persistent 

drainage through fistulae, tissue necrosis, fever, and general malaise (Waldvogel et 

al. 1970; Hatzenbuehler and Pulling 2011; Panteli and Giannoudis 2017). Although in 

chronic osteomyelitis systemic symptoms (fever, malaise) tend to lessen after the 

initial infection, local symptoms, including heat, oedema (fluid build-up), and 

fistulisation, can recur intermittently (Waldvogel et al. 1970; Lew and Waldvogel 2004; 

Lima et al. 2014). 

In a study which compared the quality of life (e.g. psychosocial adjustment, 

sexual relationships, family relationships, psychological stress, physical activity, 

mobility, pain level, duration of pain, frequency of pain) of individuals with post-

traumatic non-union fractures, chronic osteomyelitis, and lower limb amputation, 

Lerner et al. (1993) found that scores were significantly lower in patients with chronic 

osteomyelitis. In addition, Baldan et al. (2014) report that chronic osteomyelitis caused 

significant physical disability in the Democratic Republic of Congo where there is 

limited access to medical care, and is perhaps more comparable to Anglo-Saxon 

England than the hospital locations included in other clinical literature. 

Sclerosing osteomyelitis of Garré is a rare non-suppurative form of 

osteomyelitis which results in periosteal and endosteal bone deposition with thickening 

of the cortex and occlusion of the medullary cavity without any evidence of a sinus or 

cloaca (Aufderheide and Rodríguez-Martín 1998: 178; Ortner 2003: 185). Resnick 

(2002k) reports that the mandible is the most common site of involvement, while 

Aufderheide and Rodríguez-Martín (1998) report that the tibia and femur are most 

commonly affected. 
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22.1.1 Vertebral osteomyelitis 

Vertebral osteomyelitis can cause new bone formation in early stages of the 

disease, which commonly manifests as bony bridging between two vertebrae (Harris 

and Kirkaldy-Willis 1965), ankylosis, and the extensive osteoblastic activity can appear 

similar to malignant disease (Lehovsky 1999; Waldron 2009: 88). Vertebral 

osteomyelitis also commonly involves uneven destruction of the adjacent endplates, 

loss of intervertebral height, and lytic destruction of the vertebral body (Lehovsky 1999; 

Resnick 2002j).  

Vertebral osteomyelitis occurs more frequently in men, usually occurs between 

the ages of 40-50 years, and most commonly affects the lumbar vertebrae (Resnick 

2002j). Symptoms usually include tenderness in the area of infection, fever, limitation 

of movement, and sometimes neurological deficit (sensory loss, weakness, etc.) due 

to bone sequestrum or disc contents entering the spinal canal (Lehovsky 1999; 

Resnick 2002j; Zimmerli 2010). In some cases kyphosis may occur if the vertebral 

bodies are sufficiently destroyed (Lehovsky 1999).  

 

22.2 Leprosy 

22.2.1 Cranium 

Rhinomaxillary syndrome or facies leprosa, which is pathognomonic of leprosy, 

is characterised by resorption of the anterior nasal spine, rounding of the margins of 

the nasal aperture, and pitting of the nasal structures (Andersen and Manchester 

1992). Differential diagnosis for these facial lesions includes treponemal disease, 

which can cause widening of the nasal cavity. However treponemal disease usually 

causes perforation of the nasal septum or hard palate, and the nasal spine is not 

usually involved (Ortner 2003: 283). The clinical symptoms associated with 

lepromatous rhinomaxillary syndrome include a clogged nasal airway due to swelling 

of the mucous, an excess production of nasal discharge which can be blood-stained, 

saddle-nose deformity due to the collapse of the nasal septum, and papules and 

nodules on the lips, tongue, and palate (Andersen and Manchester 1992).  
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22.2.2 Tibiae and fibulae 

Bilateral tibial and fibular PNB formation is very common in archaeological 

cases of leprosy (Møller-Christensen 1961; Lewis et al. 1995). Of the 50 skeletons 

from a medieval leprosarium in Chichester who had been diagnosed with leprosy 

(utilising pathognomonic rhinomaxillary syndrome), 76% also had evidence of PNB 

formation (Lewis et al. 1995). Bilateral periostitis in leprosy has been termed red leg 

and is associated with tenderness, pain, and skin lesions (Resnick 2002l). 

 

22.2.3 Hands and feet 

Concentric diaphyseal atrophy of the bones of the feet and hands are also 

characteristic of leprosy (Resnick 2002l). These alt�H�U�D�W�L�R�Q�V�� �F�D�Q�� �U�H�V�X�O�W�� �L�Q�� �W�K�H�� �³�O�L�F�N�H�G��

�F�D�Q�G�\���V�W�L�F�N�´���D�S�S�H�D�U�D�Q�F�H, with a tapering off of the distal end of the bones (Resnick 

2002l: 2550). In both the hands and feet, complete resorption of phalanges can occur, 

resulting in visible deformity (Resnick 2002l). Flexion contracture of the hands and feet 

caused by muscle denervation can cause grooves in the affected bones (Andersen 

and Manchester 1987; Ortner 2003: 264). 

In the feet, knife-edge remodelling of the metatarsal shafts occurs when there 

is bone loss in the medio-lateral diameter, while the dorso-plantar diameter is 

unaffected (Andersen et al. 1992). Diaphyseal remodelling is associated with 

anaesthesia of the hands and feet (Resnick 2002l), however plantar/palmar trauma, 

ulceration, secondary infection, muscular paralysis, and deformity are not always 

present in individuals who exhibit diaphyseal remodelling (Andersen et al. 1992). 

However, individuals with evidence of concentric diaphyseal remodelling and knife-

edge remodelling probably experienced the effects of denervation of the feet, which 

may have led to secondary infection or ulceration and toe contractures (Resnick 

2002l). Peripheral neuropathy (nerve damage, loss of sensation, muscle weakness, 

etc.) and deformities of the foot all contribute to an impaired ability to walk, and many 

patients with these symptoms report difficulty with movement and participating in daily 

activities (Slim et al. 2011). 

Leprosy causes many soft tissue changes which cannot be observed 

palaeopathologically including skin lesions and nodules, hair loss, leonine facies 

(thickened facial skin, deepened wrinkles, loss of eyebrows, broadened nose), 
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lagophthalmos (inability to close eye), blindness, numbness of extremities, pain, and 

nerve abscesses (Anon 2009). 

 

22.3 Treponemal disease 

The treponemal diseases cause diffuse PNB throughout multiple bones, most 

commonly in the tibia, skull, ribs, and sternum, which results in considerable thickening 

of the bony cortex (Resnick 2002l). In general, this does not occur symmetrically (Mays 

and Taylor 2002). As the disease progresses and reaches later stages, the PNB fuses 

with the cortex of the bone, and endosteal deposition occurs, leading to occlusion of 

the medullary cavity (González-Reimers et al. 2011). As the skeletal changes 

associated with treponemal disease are longstanding, different areas of the skeleton 

will be affected at different times as the disease progress. Thus, it is possible to see 

pathological alterations more typical of the earlier and later stages of the disease in 

the same individual.  

To confirm a diagnosis of treponemal disease, gummatous lesions or caries 

sicca (lytic lesions of the skull which can heal and result in scarring) must be present 

(Ortner 2003: 286; Waldron 2009: 106-108). Gummatous lesions are scooped-out 

lesions with rough but thin margins that extend through the PNB into the original cortex 

of the bone (Ortner 2003: 286), and are frequently sharply defined and surrounded by 

an area of reactive osteoblastic bone growth (Aufderheide and Rodríguez-Martín 

1998: 160).  

 

22.4 Tuberculosis  

General clinical symptoms of TB (fever, malaise, weight loss) can affect an 

individual regardless of the involved organ/tissue (Hopewell 1994). 

 

22.4.1 Spine 

TB will manifest skeletally in approximately 3-5% of individuals who have the 

disease (Resnick 2002l). Of those individuals with skeletal TB, 25-60% will show 

manifestations in the spine (Resnick 2002l). The thoracic and lumbar spine are most 

commonly affected, and the neural arches of the vertebrae are usually spared (Ortner 
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2003: 230-1; Waldron 2009: 95). TB �R�I�� �W�K�H�� �V�S�L�Q�H�� ���3�R�W�W�¶�V�� �'�L�V�H�D�V�H���� �U�H�V�X�O�W�V�� �L�Q�� �W�K�H��

destruction of vertebral bodies causing collapse, angulation (kyphosis), and 

sometimes the ankylosis of adjacent vertebrae in order to stabilise the compromised 

spine (Resnick 2002l; Roberts and Manchester 2010: 188-9; Holloway et al. 2011).  

Many individuals with spinal TB experience impairments caused by severe 

alterations to the spinal column including paraparesis or paraplegia of the lower limbs, 

loss of urinary/faecal control, pain, sensory impairment, and an abnormal gait (Turgut 

2001; Resnick 2002l; Roberts and Buikstra 2003: 95). Although it is not possible to 

confirm the extent to which archaeological individuals experienced the symptoms of a 

compromised spinal column, recent clinical research in Nigeria found that 100% of 87 

individuals with spinal TB experienced paraparesis or paraplegia, 87.4% experienced 

urinary/faecal incontinence, and 90.8% experienced back pain (Owolabi et al. 2010). 

 Differential diagnoses for vertebral alterations similar to those observed in TB 

include osteomyelitis, brucellosis, sarcoidosis, and metastatic carcinoma. 

Osteomyelitis does not tend to cause destruction of multiple vertebral bodies or sharp 

kyphosis (Ortner 2003: 235), both of which are usually observed in cases of spinal TB.  

Brucellosis causes lytic lesions of the vertebrae which can look similar to those 

of TB. Brucellosis usually affects the lumbar vertebrae (particularly L4 and L5), and 

affects males more than females (D'Anastasio et al. 2011). The most affected 

vertebrae usually demonstrate lytic destruction and a hemi-ring of sclerotic reaction in 

the anterosuperior angle of the vertebra (Etxeberria 1994; Capasso 1999; D'Anastasio 

et al. 2011). Brucellosis does not tend to cause vertebral collapse and consequent 

angulation (Ortner 2003: 216), which is commonly observed in cases of skeletal TB. 

While vertebral involvement is rare in sarcoidosis, there can be diffuse bone 

lysis involving one or more adjacent or non-adjacent vertebrae, which does not affect 

the intervertebral space (Bundens and Rechtine 1986; Resnick 2002u). The most 

common skeletal manifestation of sarcoidosis involves the finger phalanges (Resnick 

2002u). The current author was unable to find any association between sarcoidosis 

and vertebral kyphosis in the clinical literature, but only 1-13% of individuals with 

sarcoidosis exhibit bony manifestations, and even fewer of those show vertebral 

involvement (Rúa-Figueroa et al. 2002). 

Metastatic carcinoma of the skeleton most commonly affects the vertebrae 

(thoracic, lumbar, sacrum in order of frequency), but can also manifest in the ribs, 
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pelvis, proximal femur, sternum, and skull (Steinbock 1976: 385; Resnick 2002v). The 

osteolytic lesions associated with metastatic carcinoma are usually variable in size 

and shape with jagged edges, and may show evidence of osteoblastic bone activity 

around the lesions (Strouhal 1991). If lytic lesions develop in the spine, eventually 

vertebral collapse and kyphosis can occur due to the compromised state of the 

vertebral bodies (Bilsky et al. 1999). Usually skeletal metastases of the spine include 

smaller circular lytic lesions on the neural arches and spinous processes (Aufderheide 

and Rodríguez-Martín 1998), so if these are not observed, metastatic carcinoma is 

less likely. 

 

22.4.2 Ribs 

In addition to the alterations to the spine, a diagnosis of TB is often supported 

by lesions on the visceral side of the ribs (Roberts et al. 1998; Mays et al. 2002; Santos 

and Roberts 2006). Lytic lesions and PNB deposition on the visceral surface of the 

ribs are a result of the initial tuberculous focus in the lungs spreading through the lung 

tissue and into the pleura (Roberts et al. 1998).  

While proliferative rib lesions may be used to support a diagnosis of TB, they 

are certainly not pathognomonic of the disease (Roberts et al. 1998; Santos 2015). 

However, studies have shown that those individuals who have TB are more likely to 

have rib lesions than those individuals who have a non-tuberculous pulmonary 

infection (Roberts et al. 1994). Clinical symptoms of pulmonary TB include fever, 

anorexia, fatigue, night sweats, weight loss, and a cough that produces sputum (Leung 

1999). 

 

22.4.3 Tuberculous arthritis 

 Tuberculous arthritis is relatively rare and accounts for 1-3% of all cases of TB, 

and 10-11% of all extrapulmonary cases (Tseng et al. 2014). It most frequently affects 

the hip and knee, but can also affect the other large joints, including the shoulder, 

elbow, wrist, sacroiliac joint, and the hands and feet (Resnick 2002l). It is usually 

monoarticular and tends to affect older adults (Resnick 2002l). Bony ankylosis of the 

joint can occur, but this is more common in septic arthritis, and there is usually more 

bony erosion in tuberculous arthritis than in septic arthritis (Resnick 2002l; Ortner 
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2003: 222). Clinical symptoms include joint pain, stiffness, swelling, and restriction of 

joint movement, which can consequently cause muscle atrophy in the disused limb 

(Malaviya and Kotwal 2003). In later stages, a chronic sinus can form. Individuals with 

tuberculous arthritis may or may not experience the typical symptoms of TB including 

fever, weight loss, and night sweats (Tseng et al. 2014).  

 

22.5 Joint diseases 

22.5.1 Rheumatoid arthritis (RA) 

 The following information was gathered from Resnick (2002s; 2002t) unless 

otherwise cited. RA is an erosive arthropathy that usually occurs in individuals 

between the ages of 25-55 years and is more commonly found in females. The 

synovial joints of the appendicular skeleton are most commonly involved, including the 

hand, wrist, knee, shoulder, elbow, ankle, and hip, with smaller joints affected before 

larger ones. The axial skeleton is less commonly involved, and effects are usually 

limited to the cervical spine. In general, RA is characterised by bilateral and 

symmetrical marginal erosion of joints with a limited amount of proliferative bone 

growth, and causes pain, swelling, stiffness, and limitation of movement in the joints 

affected.  

 Almost all individuals with RA have involvement of the small joints of the hand, 

most commonly the MCP and PIP joints (Rogers and Waldron 1995: 56-7), with less 

frequent involvement of the distal phalanges. Marginal erosions tend to affect the 

proximal ends of the metacarpals and proximal phalanges, and the distal ends of the 

proximal phalanges and intermediate phalanges. Marginal erosion and loss of 

intraarticular space leads to digit deformity (swan neck, boutonnière���� �K�L�W�F�K�K�L�N�H�U�¶�V 

thumb), which can become fixed in position through fibrous or bony ankylosis.  

 The wrist is commonly involved in RA and, in some cases, can be the first 

affected joint before digital alterations occur. Osseous fusion of the affected carpals 

can create large ankyloses bony masses (Leden et al. 2012). The elbow is also 

frequently involved in RA with percentages varying from as low as 10-20% to as high 

as 60-70% of cases. Involvement of the elbow is usually bilateral and infrequently 

results in bony ankylosis. Functional impacts include limitation of flexion and 
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extension, pain, tenderness, and swelling. Similar functional impacts occur with 

glenohumeral involvement.  

 The hip is affected to a far lesser extent than the knee, but bilateral and 

symmetrical involvement may occur with only rare bony ankylosis. RA of the hip can 

result in pain, tenderness, swelling, gait abnormality, and restricted range of motion 

(internal rotation, extension, abduction). The knee is frequently affected, and 

involvement is usually symmetrical with the medial and lateral femorotibial 

compartments similarly affected. Flexion deformity is common, but bony ankylosis is 

rare. Involvement of the knee can cause pain, swelling, and difficulty walking.  

The forefoot is very frequently affected in individuals with RA (80-90%), and the 

MTP joints of the lateral digits are the most commonly affected. The medial aspects of 

the metatarsal heads are usually affected by marginal erosions, and ankylosis at the 

MTP joints and interphalangeal joints is very rare. Functional impacts of RA of the foot 

include intermittent or constant pain, tenderness, swelling, and a shuffling gait. Clinical 

studies have found that RA of the foot is associated with gait changes and consequent 

disability, because the joint damage in the forefoot results in increased pressure on 

the plantar surface which causes pain while walking (van der Leeden et al. 2006). The 

midfoot joints are also commonly affected in individuals with RA (in order of decreasing 

frequency: talocalcaneonavicular, tarsometatarsal, posterior subtalar joint, 

cuneonavicular, intercuneiform, cuneocuboid). Complete obliteration of all articular 

spaces and osseous fusion can occur (Ortner 2003: 562). Well or poorly defined areas 

of erosion are often found on the posterior and superior aspect of the calcaneus.  

 

22.5.2 Ankylosing spondylitis (AS) 

The following information was gathered from Resnick (2002b) unless otherwise 

cited. AS is a seronegative spondyloarthropathy which is more commonly found in 

males (although the prevalence among females may be underestimated), and 

generally occurs between 15-35 years of age. AS affects synovial and cartilaginous 

joints as well as sites of ligament/tendon attachment (entheses). In general, the axial 

skeleton is more affected, but in 10-20% of individuals with AS, peripheral joint 

involvement will develop at the same time as or after axial involvement. 
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The most commonly affected joints include the sacroiliac, zygapophyseal, 

discovertebral, and costovertebral joints. Bilateral, symmetrical ankylosis of the 

sacroiliac joint is the characteristic alteration associated with AS. The final result is 

complete obliteration of the joint space, but if an individual dies before this is complete, 

the sacroiliac joint may show partial bony ankylosis (non-ankylosed areas represent 

cartilaginous fusion). In general, the disease then proceeds to the spine where it 

usually first affects the thoracolumbar and lumbosacral junctions, then ascends the 

spine. Erosion and destruction of the discovertebral surface initiates bone formation, 

which bridges the intervertebral margin. These vertical bony growths are called 

syndesmophytes and represent the ossification of the annulus fibrosa. Spinal 

alterations in the absence of sacroiliac involvement is rare. 

Peripheral joint involvement is common in individuals with AS, and occurs more 

frequently in individuals with long-standing AS. The hip is commonly affected by 

osteophyte formation, joint space narrowing, bony ankylosis, and subchondral cysts. 

Involvement of the hip is usually bilateral and symmetric. After the hip, the 

glenohumeral joint is most frequently affected (32% of patients with long-standing AS). 

Involvement is usually bilateral and is characterised by osteoporosis, erosive changes, 

and joint space narrowing. Unilateral or bilateral involvement of the elbow is 

uncommon (12% of patients with long-standing AS), while involvement of the knee is 

more common (30% of patients with long-standing AS). Involvement of the knee is 

usually bilateral with symmetrical changes in all three joint compartments, and is 

characterised by effusions, osteoporosis, joint space narrowing, marginal erosions, 

subchondral cysts, periostitis, and possible bony fusion.  

Involvement of the joints of the hand tends to be bilateral and asymmetrical, 

and occurs in 30% of patients with long-standing AS. All joints of the hands may be 

affected, and as with other areas of the skeleton, osteoporosis, joint space narrowing, 

and erosive lesions are common. Involvement of the forefoot and midfoot can be 

bilateral or asymmetrical, and only occurs in 15% of patients with long-standing AS. 

The MTP joints, first tarsometatarsal joint, and interphalangeal joint of the first digit are 

most commonly affected. Erosions and bony proliferation usually occur on the medial 

aspects of the metatarsal heads. Periostitis on the phalangeal and metatarsal shafts 

is common and intra-articular bony fusion is possible. If the ankle is involved, periostitis 

is also commonly found on the distal and medial aspects of the tibiae. Finally, 

involvement of the calcaneus is frequently identified after radiographs are taken, as 
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the clinical manifestations are mild. Involvement is usually bilateral with a well-defined 

plantar or posterior calcaneal enthesophyte, retrocalcaneal swelling, and erosion of 

the posterior calcaneus. 

At the onset of the disease, there tends to be variable stiffness and pain in the 

lower back, but as the disease progresses, these symptoms become persistent 

(Resnick 2002b). Pain similar to sciatica, which radiates into the lower limbs, is 

common, as is spinal muscle spasm/atrophy, tenderness, and restricted movement. 

Ankylosis of vertebrae and the costovertebral joints is associated with limited chest 

expansion. A clinical study which investigated the quality of life of individuals with AS 

found that the most common concerns for patients included stiffness, pain, fatigue, 

poor sleep, appearance, and worry about the future (Ward 1999). In another study, 

Bostan et al. (2003) found that of 51 patients with AS, 60% reported mild-to-moderate 

functional disability, while 25.4% had severe functional disability. 

 

22.5.3 Psoriatic arthritis (PsA) 

 The following information was gathered from Resnick (2002q) unless otherwise 

cited. PsA is a seronegative spondyloarthropathy which generally occurs between the 

ages of 25-55 years, although non-adults can be affected as well. Individuals with 

moderate or severe skin lesions characteristic of psoriasis are more commonly 

affected by articular involvement, which can result in soft tissue swelling, fatigue, fever, 

and stiffness. Articular distribution can be monoarticular, pauciarticular, or polyarticular 

and can involve synovial joints, cartilaginous joints, and entheses. In general, 

asymmetric distribution is more frequent than symmetric distribution. Articular changes 

include bony erosion with adjacent proliferation and can result in bony ankylosis. 

 In the appendicular skeleton, both upper and lower limb joints can be affected. 

The small joints of the hands and feet are involved in 25-75% of patients with PsA, 

and usually the smaller joints are affected more than the larger ones. In the axial 

skeleton, changes in the sacroiliac joint and spine are most common, but the 

manubriosternal, sternoclavicular, costovertebral, and pubic symphyseal joints may 

also be affected.  

 Involvement of the hand can be bilateral, symmetrical, asymmetrical, or 

unilateral and the PIP, DIP, and MCP joints are most commonly affected. In general, 
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erosions begin on the margins of the joint and extend centrally. In affected phalanges, 

pencil and cup appearance, irregular periosteal proliferation, and bony ankylosis 

(particularly in the MCP joints) are common (Waldron 2009: 64). Although involvement 

of the wrist is not as common as in the hand, it does occur, and can lead to bony 

ankylosis. Involvement of the wrist rarely occurs without previous digital involvement. 

 Involvement of the forefoot is common in individuals with PsA, and bilateral 

asymmetrical changes are most frequent. Changes in the joints of the feet include 

marginal erosions, bone proliferation, and narrowing or widening of the joint space. 

Erosion and proliferation on the posterior or inferior surface of the calcaneus are 

similar to changes observed as a result of �$�6���D�Q�G���5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�P�H�����(�[�R�V�W�R�V�H�V���F�D�Q��

form around the site of the Achilles tendon attachment, and erosions on the plantar 

surface cause formation of irregular enthesophytes.  

 Sacroiliac involvement occurs in 30-50% of individuals with PsA, with lower 

estimates at 14% and higher estimates at 84%. Bilateral involvement of both sacroiliac 

joints is more common than unilateral involvement, and it is possible to have sacroiliitis 

without spondylitis (see below). Alterations in the sacroiliac joint include erosive and 

proliferative changes and widening of the joint space. Narrowing of the joint space and 

subsequent osseous fusion can occur, but is less frequent than in AS. Bony 

proliferation is common at pelvic entheses (iliac crest, ischial tuberosity, etc.) 

 In the spine, the lower thoracic and upper lumbar vertebrae are most commonly 

affected by paravertebral ossification. This ossification tends to occur unilaterally on 

one side of the spine, and can fuse with surrounding bony and discal tissue. The 

ossification commonly observed in PsA tends to be further away from the spine (in 

comparison to AS), and although joint space narrowing and bony fusion can occur, it 

is much less frequent than in AS.  

22.5.4 �5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�P�H 

The following information was gathered from Resnick (2002r) unless otherwise 

cited. �5�H�L�W�H�U�¶�V�� �V�\�Q�G�U�R�P�H���� �D�O�V�R�� �N�Q�R�Z�Q�� �D�V�� �U�H�D�F�W�L�Y�H�� �D�U�W�K�U�L�W�L�V, is a seronegative 

spondyloarthropathy which has been linked with epidemic dysentery and sexual 

intercourse. This disease usually occurs between 15-35 years of age, is less frequently 

observed in children, and is much more common among males than females (5:1 to 

50:1 male to female ratios recorded). Urethritis and diarrhoea are the initial clinical 

manifestations of the disease, which can later result in skin lesions, ocular 
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abnormalities, and involvement of other bodily systems (gastrointestinal, 

cardiovascular, pulmonary). One to three weeks after the start of the disease, 

asymmetrical arthritis of the lower limbs develops. These arthritic attacks are usually 

short-lived, and further deformity occurs in only 5% of patients usually in the MTP 

joints, heel, lumbar spine, knee, and ankle. Articular alterations can involve synovial 

joints, symphyses, and entheses. Joint involvement is usually asymmetrical and is 

most frequently found in the lower extremities. Erosive lesions and adjacent bony 

proliferation are characteristic of this disease.  

Joints of the forefoot are affected in 40-�������� �R�I�� �L�Q�G�L�Y�L�G�X�D�O�V�� �Z�L�W�K�� �5�H�L�W�H�U�¶�V��

syndrome. The MTP and interphalangeal joints are most commonly affected, but 

osteoporosis, joint space loss, and marginal erosion with adjacent proliferation can 

occur in any joint of the foot. Periostitis on the shafts of the metatarsals and phalanges 

�L�V���F�R�P�P�R�Q�����7�K�H���F�D�O�F�D�Q�H�X�V���L�V���I�U�H�T�X�H�Q�W�O�\���D�I�I�H�F�W�H�G���L�Q���L�Q�G�L�Y�L�G�X�D�O�V���Z�L�W�K���5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�P�H��

(25-50%). Bilateral involvement of the calcanei is most common with the posterior and 

plantar aspects of the bone frequently affected. Poorly defined erosions on the 

posterior and posterosuperior aspects of the calcaneus, along with plantar erosions 

and enthesophytes, are characteristic of this disease. Posterior calcaneal 

enthesophytes are rare.  

The other tarsals can also be affected (25% of individuals) by erosive and 

proliferative changes, which usually result in irregular or fluffy bony contours on the 

medial and dorsal aspects of the bone. The ankle is affected in 30-50% of individuals 

�Z�L�W�K�� �5�H�L�W�H�U�¶�V�� �V�\�Q�G�U�R�P�H, and involvement is usually characterised by soft tissue 

swelling, fluffy PNB on the distal tibial and fibular shafts, joint space loss, and marginal 

erosions. The knee is affected in 25-���������R�I���L�Q�G�L�Y�L�G�X�D�O�V���Z�L�W�K���5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�P�H, and 

involvement is usually characterised by joint effusion, osteoporosis, and PNB on the 

distal femur or proximal tibia.  

Diffuse involvement of the upper limb is not frequently observed in individuals 

�Z�L�W�K���5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�P�H����but 10-30% of patients may have one or more fingers affected. 

PIP joints are more frequently affected by erosive changes and fluffy PNB formation 

than the DIP or MCP joints. Asymmetrical involvement of the wrist has been reported. 

In the axial skeleton, sacroiliitis is frequent, particularly in individuals with 

longs�W�D�Q�G�L�Q�J���5�H�L�W�H�U�¶�V���V�\�Q�G�U�R�P�H�����%�L�O�D�W�H�U�D�O���V�\�P�P�H�W�U�L�F�D�O���R�U���D�V�\�P�P�H�W�U�L�F�D�O���G�L�V�W�U�L�E�X�W�L�R�Q���L�V��

possible. Erosion of the iliac surface is accompanied by mild to severe sclerosis, and 
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early widening of the joint space can be replaced with joint space narrowing. Bony 

ankylosis of the sacroiliac joint is possible, but much less frequent than in AS. Similarly, 

involvement of the spine may occur, but is much less common than in AS or PsA. 

Paravertebral ossification of the lower thoracic and upper lumbar has been reported, 

with infrequent involvement of the cervical spine.  

 

22.5.5 Erosive osteoarthritis 

The following information was gathered from Resnick (2002c) unless otherwise 

cited. Erosive OA, also known as inflammatory OA, is a form of OA that mostly affects 

the hands. The disease is symmetrical, and the manual interphalangeal joints are most 

commonly affected, although the MCP, carpometacarpal, knee, hip, and cervical spine 

joints can be affected. Erosive OA is characterised by erosive lesions (beginning in 

the centre of the joint) and bony proliferation, although proliferation can occur in the 

absence of erosion. Osteophytes and joint space narrowing occur in the DIP and PIP 

joints, and bony ankylosis can occur. This is usually limited to only one or several 

phalanges, and is most frequently found in the PIP joints. There can be joint space 

narrowing, sclerosis, and osteophytosis in the wrist, foot, knee, hip, and cervical spine, 

but erosive lesions in these joints are rare. Articular changes in the hand result in 

painful nodules on the knuckles which are accompanied by swelling, tenderness, and 

restricted movement.  

 

22.5.6 Gout 

 The following information was gathered from Resnick (2002f) unless otherwise 

cited. Gouty arthritis usually occurs in the fifth decade of life and is more common in 

males than females (c.20:1). Permanent bony alterations which can be observed 

palaeopathologically occur in individuals with chronic gout (rather than acute gout). 

Gout is usually asymmetrical and polyarticular, and tends to affect the lower limbs 

more than the upper. It is characterised by erosive lesions which can be intra-articular, 

para-articular, or relatively far from the joint surfaces. The erosive lesions are usually 

round or oval in shape and can be surrounded by a sclerotic margin, which gives them 

a punched-out appearance. The erosive lesions tend to be oriented along the long 

axis of the affected bone and are usually larger than 5mm in diameter. In 40% of 

individuals with erosive lesions, a hook or lip of bone extends away from the bone into 
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the soft tissue to cover the tophaceous nodule. Irregular bony spicules can form 

around entheses, particularly in the calcaneus, patella, and olecranon. Bony ankylosis 

does occur in gouty arthritis but is rare, except in the interphalangeal joints of the 

hands and feet, and the intercarpal joints. 

 In the foot, the first MTP joint is most commonly affected by medial and dorsal 

erosion. All MTP joints can be affected, especially the fifth, along with the 

interphalangeal joints. Erosive destruction of the tarsometatarsal, intertarsal, and 

talocalcaneal joints has also been recorded. In the hands and wrists, distribution is 

asymmetrical and tends to affect the DIP and PIP joints more than the MCP joints. 

Large erosive lesions in the intercarpal and carpometacarpal regions have been 

recorded, but fusion is uncommon (Kacki 2013). Erosive and proliferative alterations 

are also commonly found in the elbow and knee, while involvement of the shoulder, 

hip, sacroiliac, and spine is less frequent.  

Bony alterations have been found to be directly related to the duration and 

severity of gout (German and Holmes 1986), and therefore, individuals with 

palaeopathological lesions consistent with gout probably had chronic gout (rather than 

acute gouty arthritis) and more severe clinical symptoms. Clinical studies found that 

individuals with chronic gout experienced significantly more foot pain and impairment 

than a control group, and many had an altered, slow gait to avoid pain (Rome et al. 

2012). A study which focused on 11 men living with chronic gout reported varying 

levels of pain (from a twinge, to burning, to a desire to amputate the affected limb), 

and periods of inability to move or get out of bed, which resulted in dependence on 

family members for toileting, washing, and providing food/drink (Lindsay et al. 2011). 

 

22.5.7 Septic arthritis 

Septic arthritis occurs when there is a bacterial infection of the synovium of a 

joint due to either haematogenous spread, spread from an infectious source near the 

joint, or from a direct implantation of bacteria into the joint via a wound (Resnick 2002k; 

Ortner 2003: 222). Septic arthritis usually leads to ankylosis of the joint and may result 

in a draining cloaca in the epiphyses or diaphyses surrounding the joint (Steinbock 

1976: 299; Waldron 2009: 89). It is less erosive than TB arthritis (Resnick 2002l; Ortner 

2003: 222). It is most commonly found in the hip and knee, is usually monoarticular, 

and is more common in younger individuals (Resnick 2002k; Ortner 2003: 222). 
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Clinical symptoms include fever, pain and swelling of the joint, and restricted 

movement (Resnick 2002k). 

 

22.6 Deformation of the hip 

22.6.1 Legg-Calvé-�3�H�U�W�K�H�V�¶��disease (LCP) 

LCP disease is caused by avascular necrosis of the femoral head and 

subsequent flattening of the articular surface. Bony alterations included a mushroom-

shaped femoral head, shortening and thickening of the femoral neck, and flattening of 

the acetabulum (Aufderheide and Rodríguez-Martín 1998: 84; Resnick 2002i; Ortner 

2003: 346). Symptoms can include temporary or persistent limping, pain, and limitation 

of joint movement (lack of abduction and internal rotation) (Resnick 2002i). The 

functional impacts of LCP disease vary widely between patients, but the typical patient 

will have minimal pain and a mild limp (Gower and Johnston 1971).  

 

22.6.2 Slipped capital femoral epiphysis (SCFE) 

SCFE is caused by a series of microfractures between the metaphyseal side of 

the epiphysis and the femoral neck, which allows for medial and inferior displacement 

of the femoral head and later fusion of the slipped epiphysis at this abnormal level 

(Ortner 2003: 347). As a SCFE involves a fracture between the epiphysis and the 

femoral neck, there should be obvious displacement of the femoral head with respect 

to the femoral neck (Ponce and Novellino 2014). SCFE occurs in children and 

adolescents between the ages of 10-17 (average of 13-14 years) in boys, and 8-15 

(average of 11-12 years) in girls (Resnick and Goergen 2002). Unilateral left side 

SCFE is more common in boys, while bilateral involvement is more common in girls 

(Resnick and Goergen 2002).  

Clinical research on SCFE in the modern world is abundant, but it is difficult to 

locate studies which address a SCFE of a severe nature, as, in most cases, modern-

day patients have access to health care. In a study which investigated 121 patients 

treated between 1915 and 1952 in Iowa, researchers found that those patients who 

�K�D�G���³�V�H�Y�H�U�H�´���V�O�L�S�S�D�J�H�����L���H�������W�K�H���G�L�I�I�H�U�H�Q�F�H���L�Q���W�K�H���K�H�D�G-shaft angle measured greater 

than 50°, or the displacement of the head was more than one half the diameter of the 

femoral neck), had relatively good recovery, but had abnormality of gait and restriction 



 

443 
 

in the abduction and internal rotation of the affected hip (Boyer et al. 1981). In a study 

which utilised the same sample population, but only investigated individuals who had 

not been treated for their chronic SCFE, researchers found that of 28 individuals, 13 

had a limp and 18 had either hip, knee, or thigh pain (Carney and Weinstein 1996). 

Limping and pain were found in individuals with mild, moderate, and severe slippages. 

Finally Ordeberg et al. (1984) studied Swedish patients with severe, untreated SCFEs 

that resulted in a displacement of femoral head greater than 2/3 the diameter of the 

epiphysis (Bianco 1966). In these patients, pain ranged from tolerable, permitting 

limited activity, to no pain. Movement ranged from 0-30° to 260°, and walking varied 

among limited with one stick (less than one hour), difficult without a stick, but able to 

stand for long periods, to normal (Charnley 1972).  

 

22.6.3 Developmental hip dysplasia 

Developmental dysplasia/dislocation of the hip is caused by an incompatibility 

between a developing femoral head and acetabulum (Stein-Zamir et al. 2008). This 

condition occurs almost eight times as frequently in females than in males, and is 

bilateral in 25% of cases (Dwek et al. 2002). Developmental dysplasia/dislocation of 

the hip consists of either 1) dysplasia, which is characterised by the articulation of a 

relatively normal femoral head with a shallow and more oblique acetabulum, 2) 

subluxation, which is characterised by the femoral head articulating with a laterally 

displaced dysplastic acetabulum, or 3) dislocation, which is characterised by the 

articulation of a small, flat, or mushroom-shaped femoral head with a false acetabulum 

that is usually superior or posterosuperior to its normal location (Mitchell and Redfern 

2008). 

In a clinical study investigating pre- and post-operative symptoms of 24 

individuals with severe developmental dysplasia/dislocation of the hip, researchers 

found that patients experienced a range of symptoms in terms of pain, muscle 

strength, range of motion, ability to walk, and overall function (Crowe et al. 1979). 

Before the operation, pain could range from none or little at rest (with some pain during 

activity) to severe (Crowe et al. 1979). Muscle strength and range of motion ranged 

from fair to good (arc of flexion up to 90°) to ankylosis with good functional positioning 

(Crowe et al. 1979). In terms of locomotion, patients ranged from moderate restriction 
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(walking less than one block with no support, up to five blocks with one support, and 

no restriction with bilateral support) to being wheel-chair bound (Crowe et al. 1979).  

 

22.7 Paralysis 

22.7.1 General paralysis 

Paralysis of the limbs (monoplegia, paraplegia, tetraplegia, quadriplegia) can 

be caused by a variety of conditions including, but not limited, to spinal cord injury, 

traumatic brain injury, stroke, amyotrophic lateral sclerosis, multiple sclerosis, 

neurofibromatosis, syringomyelia, spinal muscular atrophy, transverse myelitis, 

traumatic neuritis, spinal tumours, hereditary spastic paraplegia, DMD, poliomyelitis, 

and CP (Shah 2015; Armour et al. 2016). Palaeopathological evidence of paralysis 

includes bone atrophy (increased slenderness or gracility), lack of muscle 

attachments, and bone shortening. Differentiating between the various conditions 

which can cause paralysis from only archaeological remains is extremely challenging, 

and in most cases a specific diagnosis is not possible. 

Several of the conditions which cause limb paralysis have relatively 

standardised epidemiology and are discussed here in brief. Transverse myelitis 

usually affects children and adolescents (Wilmhurst et al. 1999) and tends to cause 

symmetrical paralysis of the lower limbs (Anon 2006). Traumatic neuritis tends to 

affect one lower limb, but atrophy is only moderate (Anon 2006). DMD only occurs in 

males and usually causes death in the third decade of life (Resnick 2002h). DMD 

causes progressive bilateral muscle dysfunction of the limbs, with the lower limbs 

affected before the upper limbs (Biggar 2006). The inability to walk usually occurs by 

ten years and upper arm dysfunction begins during adolescence (Tesorieri 2016). 

Scoliosis develops in 90-95% of patients with DMD between 10-14 years (Sussman 

2002), and deformities of the foot (pes planus, equinovarus) and contractures of the 

hip and knee are common (Resnick 2002h). 

Poliomyelitis can cause shortening and atrophy of multiple limbs and can occur 

during childhood and adulthood. Table 22.1 provides data collected by Weinstein et 

al. (1952) which demonstrate the distribution of paralysis throughout the skeleton in 

different age groups. Paralysis of one leg is most common (22.8%) (particularly among 

children up to 5 years of age), followed by paralysis of one arm and paralysis of both 
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legs and arms (17.4%). Spinal scoliosis is the most common skeletal alteration 

associated with poliomyelitis (observed in 30% of post-polio survivors) (Colonna and 

Saal 1941), with other frequent alterations including hip dysplasia, increased FNA due 

to imbalance of muscle use and development in the hip area (Resnick 2002h), and 

deformities of the foot (hindfoot cavus, pronated everted foot, club foot, flail foot, etc) 

(Faraj 2006).  

 

Table 22.1- Extent of involvement in spinal-paralytic poliomyelitis in 259 patients. Source: 
Weinstein et al. (1952:299). 

Muscles involved 
% by age group % of total 

group 0-5 years 6-15 years 16-30 years 31-50 years 
One leg 54.3 16.9 18.7 17.1 22.8 
One arm 14.3 27.3 14.3 14.3 18.1 
Both legs and arms 0.0 9.1 26.8 22.8 17.4 
Both legs 14.3 15.6 17.0 20.0 16.6 
One arm and both legs 2.9 5.2 12.5 8.6 8.5 
One arm and one leg 8.6 7.8 5.4 8.6 7.0 
Both arms 2.9 10.4 5.4 5.7 6.6 
Both arms and one leg 2.9 7.8 0.0 2.9 3.1 

 

CP can cause paralysis and atrophy of the limbs, scoliosis, delayed skeletal 

maturation, motor function impairment, as well as intellectual impairment (Ihkkan and 

Yalçin 2001; Ozonoff 2002; Henderson et al. 2005; Krigger 2006). Most individuals 

with CP have involvement of multiple limbs (Minear 1956), but the prevalence of the 

different types of the disease (e.g. quadriplegia, hemiplegia.) varies between 

publications. Shevell et al. (2003) found that in a sample of 189 patients with spastic 

cerebral palsy, most were quadriplegic (40.7%) following by hemiplegia (35.9%), 

diplegia (20.6%), and monoplegia (2.6%). Jan (2006) reports that spastic diplegia is 

the most common form of cerebral palsy, while Odding et al. (2006) found that there 

appear to be fewer cases of diplegia and an increase in cases of hemiplegia. 

Hemiplegia involves one side of the body and the upper limb is usually more affected 

than the lower, while monoplegia tends to involve a single arm and is relatively mild 

(Jan 2006). 

The inability of most children with CP to partake in average load-bearing 

activities reduces periosteal expansion and results in thin or gracile long bone 

diaphyses (Mughal 2014). In addition, linear skeletal growth (i.e., bone length) is 
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reduced in children with CP, which has been associated with nutritional (Stallings et 

al. 1993) and non-nutritional factors (Kong et al. 1999). Reduced bone density is 

common in CP, and is more severe in individuals who are non-ambulatory (Wilmshurst 

et al. 1996; King et al. 2003). Individuals with hemiplegia involving one of the upper or 

lower limbs can have a limb length discrepancy between the affected and non-affected 

limbs (Demir et al. 2006; Riad et al. 2010). This length discrepancy is most obvious in 

the length of the tibia, and the height of the calcaneus and talus (mean differences of 

8.1mm, 1.3mm, and 0.9mm respectively), but is usually not measurable in the femur 

or pelvis (Riad et al. 2010).   

70-80% of all individuals with CP experience spasticity of the limbs leading to 

contractures (Krigger 2006), which can result in joint deformities. CP also commonly 

causes finger flexion deformities (Zancolli et al. 1983; Tonkin and Gschwind 1992), 

ankle deformities (Fulford 1990; Sees and Miller 2013), and increased FNAs (Cornell 

1995). Neuromuscular scoliosis is most frequently caused by CP (Ozonoff 2002) and 

is very common in children with CP (68%), with incidence of scoliosis higher in patients 

who experience total body involvement or are bedridden (Saito et al. 1998). Among 

individuals with CP, scoliosis was most commonly found in those with quadriplegic 

spasticity, and there is an inverse relationship between ambulatory status and the 

presence of scoliosis (i.e., individuals who were independent walkers exhibited 

scoliosis less frequently than those who were bedridden) (Madigan and Wallace 

1981). There also appears to be an association between severe scoliosis and mental 

impairment (Ozonoff 2002).  

A systematic review and meta-analysis of 30 studies on CP found that among 

children with CP �³�����L�Q��4 were in pain; 1 in 2 had an intellectual disability; 1 in 3 could 

not walk; 1 in 3 had a hip displacement; 1 in 4 could not talk; 1 in 4 had epilepsy; 1 in 

4 had a behaviour disorder; 1 in 4 had bladder control problems; 1 in 5 had a sleep 

disorder; 1 in 5 dribbled; 1 in 10 were blind; 1 in 15 were tube-fed; and 1 in 25 were 

�G�H�D�I�´��(Novak et al. 2012: e1285).  

In summary, limb paralysis is extremely complicated and can be caused by a 

variety of diseases or conditions. Armour et al. (2016) found that of the 5.4 million 

individuals living with some form of paralysis in the United States, the most common 

causes were stroke (34%), spinal cord injury (27%), multiple sclerosis (10%) and 

cerebral palsy (8%). It is likely that the distribution of causes of paralysis was different 
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in Anglo-Saxon England. Poliomyelitis was probably more prevalent as a vaccine had 

not been created, and it is likely that spinal cord injury (which was caused by motor 

vehicle accident in c.36% of cases in the United States) was less prevalent.  

Clearly, there are many conditions which may have caused paralysis in 

archaeological populations. Determining the cause of limb paralysis in archaeological 

remains is exceedingly difficult, as many of these conditions can result in similar bony 

changes. Frequently poliomyelitis and CP are considered in palaeopathological 

studies as they produce more standardised paralysis distribution in the body (i.e., 

poliomyelitis most commonly affects one leg, while CP more commonly causes 

quadriplegia), while other conditions like spinal cord injury or brain trauma result in 

more varied types of paralysis. Thus, while it is certainly reasonable to consider 

poliomyelitis and CP as possible causes of paralysis for the individuals in this 

research, it should always be kept in mind that there are numerous other conditions 

that should also be considered, but differentiation between these conditions using only 

archaeological remains is not always possible.  

 

22.7.2 Upper limb paralysis 

Differential diagnoses for upper limbs paralysis include CVA, BPP, MMA, acute 

brachial neuritis, direct trauma to the shoulder, and neuromuscular diseases. CVA or 

stroke can cause atrophy of limbs, and recent research found that around 50% of 

stroke victims will experience long-term effects of partial paralysis (Gordon et al. 

2004), which is common in the upper limb (Parker et al. 1986). A clinical study found 

that around 27% of stroke patients who experience upper limb paralysis will lose all 

function in the affected limb, and only 16% of patients with severe stroke will regain 

useful function (Parker et al. 1986). Broeks et al. (1999) found that in a sample of 54 

patients, only 50% regained useful arm function, and a large percentage reported that 

the range of motion of the affected shoulder was restricted. While CVA is more 

common among older adults (Towfighi et al. 2008), stroke can occur in children, 

although rarely (Fullerton et al. 2003; Tsze and Valente 2011).  

BPP is caused by damage to nerves which control the muscles of the upper 

limbs (Kattan and Spitz 1968). BPP can lead to a variety of skeletal abnormalities 

including hooking/flaring of the acromion, hypoplasia of the clavicle, hypoplasia, 

flattening, and retroversion of the glenoid cavity (Waters et al. 1998), deformation and 
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flattening of the humeral head, and scapular and humeral shortening (Kattan and Spitz 

1968; Resnick 2002h). A clinical study which investigated the length discrepancies 

between the upper limbs in individuals with BPP found that on average, the affected 

limb was 95% of the length of the unaffected limb (Bae et al. 2008). �.�O�X�P�S�N�H�¶�V���S�D�O�V�\��

(a type of BPP which affects only the lower arm) results in paralysis confined to the 

hand (Al-Qattan et al. 1995).  

MMA, which more commonly affects males and begins between the ages of 16-

25 years, causes atrophy limited to the muscles of the hand and forearm and is usually 

unilateral (Singh et al. 1980). Clinical reports of this condition come predominately 

from Asian populations with few cases reported from Europe (Hirayama et al. 1987), 

suggesting that there is an ethnic predisposition to this disease (Tan 1985). However, 

it is likely that this condition is more common in European populations than previously 

thought (Talbot 2004). In clinical studies, researchers found symptoms associated with 

this condition to include weakness and atrophy of the hand and forearm muscles, 

tremors, muscle cramps, coldness of the hands, and worsening of these symptoms in 

cold weather (Gourie-Devi and Nalini 2003). Disability was considered relatively mild 

in a majority of patients (Gourie-Devi and Nalini 2003), although some individuals were 

affected enough to use the contralateral limb for activities, and some were forced to 

change occupation (Nalini et al. 2014). 

Acute brachial neuritis (Parsonage-Turner syndrome) results in unilateral 

weakness and atrophy of the shoulder muscles, although the forearm can be affected 

as well (Resnick 2002g). This condition is usually found in males between the ages of 

20 and 60 years, but can occur in infants and older individuals (Resnick 2002g). As 

this condition tends to occur in adults who have already fully developed, it is unlikely 

to cause shortening of the long bones. 

Direct localised trauma to the shoulder or spinal cord can damage the nerves 

that control the muscles of the upper limb, subsequently causing paralysis of that limb. 

As trauma is usually localised, isolated muscles are affected, which should not cause 

atrophy of the entire upper limb (Lieverse et al. 2008). Many clinical studies document 

cases of trauma or damage to specific nerves causing pain, weakness, and restricted 

function of the shoulder and arm (see Lieverse et al. 2008). 
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22.8 Post-cranial periosteal new bone deposition 
PNB deposition in the post-cranial skeleton can be caused by a number of 

conditions including, but not limited to, scurvy, leprosy, skeletal metastases, 

osteomyelitis (Ortner 2003: 91), HOA (Ali et al. 1980), and treponemal disease (see 

Waldron 2009:116). The distribution of PNB growth varies between these conditions. 

PNB is usually observed in the cranium and long bones in scurvy (Ortner 2003: 89; 

Waldron 2009: 132), in the tibiae and fibulae in leprosy (Andersen et al. 1994), in the 

axial skeleton in skeletal metastases (Resnick 2002v), and with widespread 

distribution in the treponemal diseases with a preference for the tibiae, ribs, and 

sternum (Waldron 2009). Osteomyelitis can result in extensive localised PNB 

formation and is diagnosed with the presence of a cloaca. Periosteal reactions are 

usually painful and can result in tenderness (Golding 1985). 

 

22.9 Hypertrophic osteoarthropathy (HOA) 
HOA is commonly referred to as hypertrophic pulmonary osteoarthropathy, as 

this condition is commonly linked with pulmonary infections or carcinomas (Fennell 

and Trinkaus 1997). In terms of palaeopathological analysis, HOA is characterised by 

symmetrical, bilateral PNB formation on the distal tubular bones (particularly the tibiae 

and fibulae), including the metacarpals and phalanges (Fennell and Trinkaus 1997; 

Ortner 2003: 354). According to Fennel and Trinkaus (1997) and Martínez- Lavín et 

al. (1994), HOA does not affect the axial skeleton or the skull. However, Ortner (2003: 

354) reports that the axial skeleton can be affected in some cases, while Mays and 

Taylor (2002) say that, although PNB on the tubular bones is most common, 

involvement of the skull, claviculae, scapulae, and calcanei is frequent. While it is rare, 

involvement of the pelvis and ribs can occur (Ali et al. 1980).  

PNB due to HOA does not alter the compact bone or the endosteal surface, nor 

does it cause occlusion of the medullary cavity, and severity of PNB deposition 

increases from the proximal to the distal end of an affected bone (Flohr et al. 2018). 

Several recent palaeopathological studies analysed skeletal remains with HOA, 

providing good examples for the diagnosis of HOA in archaeological skeletons (Mays 

and Taylor 2002; Assis et al. 2011; González-Reimers et al. 2011; Masson et al. 2013; 

Binder and Saad 2017; Flohr et al. 2018) 
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HOA can occur as a primary disease (pachydermoperiostosis) or as a 

secondary syndrome to a non-skeletal pathological condition (e.g. congenital heart 

disease) (Yap et al. 2017). Primary HOA is an uncommon hereditary disease which 

affects males much more frequently than females, and tends to manifest in 

adolescence (Yap et al. 2017), although cases of early childhood or adult life onset do 

exist (Resnick 2002e). It is common for individuals with primary HOA to present with 

cutaneous overgrowth, clubbing of the fingers and toes, and periostitis, although a 

range of symptoms exists in this form of the disease (Yap et al. 2017). Some patients 

will have both skeletal and cutaneous symptoms, others will have just skeletal 

symptoms or just cutaneous symptoms, and others will remain asymptomatic (Resnick 

2002e; Yap et al. 2017). A majority of individuals only exhibit evidence of digital 

clubbing (Pineda and Martínez-Lavín 2013). Cutaneous overgrowth takes on many 

forms in primary HOA including pachydermia (thickening of the skin of the forehead 

and hands), ptosis (furrowing of the face), and cutis verticis gyrate (extra cutaneous 

folds on the sku�O�O���O�H�D�G�L�Q�J���W�R���W�K�H���³�E�X�O�O�G�R�J�´���V�F�D�O�S���D�S�S�H�D�U�D�Q�F�H) (Yap et al. 2017: 163). 

Primary HOA tends to last for around ten years and can sometimes be disabling when 

individuals are affected by stiffness and limited motion of the axial and appendicular 

skeleton, and neurological disruptions caused by compression of the spinal cord, 

nerve roots, or cranial nerves (Resnick 2002e).  

Secondary HOA is much more common than primary HOA and accounts for 

95-97% of all HOA cases (Yap et al. 2017). It is usually found in adults, although a few 

cases have been identified in children in association with mediastinal Hodgkin 

lymphoma (Ansari et al. 2010; Drakonaki et al. 2012). It is associated with severe 

internal illnesses, most commonly cyanotic heart disease (Martínez-Lavín 1997), and 

frequently with pulmonary infections or carcinomas (Fennell and Trinkaus 1997) 

(Figure 22.1). Individuals with secondary HOA can exhibit all the symptoms associated 

with primary HOA, but, in addition, may also experience the consequences of 

whatever pathological condition caused the HOA.  

Duration of disease rather than type of disease dictates the distribution of PNB 

growth in HOA, and both primary and secondary HOA can result in a similar 

distribution patterns of PNB formation (Pineda et al. 1987).  
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Figure 22.1- Causes of primary and secondary HOA. Source: Martínez-Lavín (1997: 84). 

Individuals with advanced periostitis due to HOA can experience deep aching 

or burning pain and heat and swelling of affected areas which improves with elevation 

of the limb (Nahar et al. 2007). If synovial effusions are present, individuals can 

experience joint pain, swelling, and restricted movement (Nahar et al. 2007). Although 

digital clubbing is unlikely to cause much impairment, it is possible that individuals with 

cutaneous involvement are visually distinctive.  

 

22.10 �/�D�Q�J�H�U�K�D�Q�V�¶���F�H�O�O���K�L�V�W�L�R�F�\�W�R�V�L�V�����/�&�+�� 
LCH is more common among individuals under 30 years of age, and is more 

frequently found in males (Islinger et al. 2000). LCH is characterised by punched out 

lesions with sharp scalloped edges approximately 10-55mm in diameter (Ortner 2003: 

362; Marks and Hamilton 2007). The lesions are most frequently found in the skull, but 

the vertebrae, ribs, pelvis, and femora can be affected as well (Ortner 2003: 362; 

Marks and Hamilton 2007). The margins usually have bevelled edges, and the lesion 

of the outer table is larger than the lesion of the inner table, creating a geographical 

map appearance (Ortner 2003: 362; Colombo et al. 2015). Islinger et al. (2000) found 

that in 211 patients with LCH, rib lesions were present in 25% of cases, while spinal 

lesions were present in only 3% of cases, and were usually in the thoracic region. LCH 
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is more commonly found in non-adults and younger adults, and spinal lesions are not 

a frequent manifestation of the disease 

 

22.11 Metastatic carcinoma 

Metastatic carcinoma of the skeleton most commonly affects the vertebrae 

(thoracic, lumbar, sacrum in order of frequency), but can also manifest in the ribs, 

pelvis, proximal femur, sternum, and skull (Steinbock 1976: 385; Resnick 2002v). 

Skeletal involvement occurs most commonly in malignancies of the prostate (70-84% 

of cases), the breast (50% of cases), and the kidney (50% of cases) (Wakely et al. 

1995). It tends to affect middle to older adults, and metastases of the lung, bladder 

and prostate are more common in males, while metastases of the breast and uterus 

are more common in females (Resnick 2002v). While metastatic bone lesions are 

usually osteolytic, some forms of metastatic carcinoma result in osteoblastic lesions 

or a mixture of osteolytic and osteoblastic lesions (Steinbock 1976: 387). The 

osteolytic lesions are usually variable in size and shape with jagged edges, and may 

show evidence of osteoblastic bone activity around the lesion (Strouhal 1991). 

Multiple myeloma should be considered as a differential diagnosis for possible 

cases of metastatic carcinoma. Multiple myeloma manifests in the skeleton as 

punched out lesions with sharp, scalloped borders and minimal circumferential bony 

sclerosis (Steinbock 1976: 376; Ortner 2003: 376-7). Multiple myeloma most 

commonly affects the vertebrae, ribs, skull, and pelvis (Steinbock 1976: 374). Multiple 

myeloma is found mostly in older adults and tends to affect males more than females 

(Resnick 2002p; Kristinsson et al. 2007). 

 Metastatic carcinoma and multiple myeloma can be difficult to distinguish in 

archaeological material, as the lesions can be similar in appearance and affect similar 

areas of the skeleton (Steinbock 1976: 388; Ortner 2003: 377). Strouhal (1991) 

summarises various methods that can be used to differentiate between these two 

diseases in archaeological bone which are presented in Table 22.2. 

 

Table 22.2- Methods of differentiating multiple myeloma from metastatic carcinoma in dry 
bone. Source: Strouhal (1991: 223). 

Feature Multiple myeloma Metastatic carcinoma 
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Density of lesions High density with numerous, 
scattered foci throughout skeleton 

Less numerous and more 
localised 

Lesion outline Regularly round (circular to slightly 
oval) 

Irregular with denticulations 
and scalloping 

Lesion size 
Consistent: small to medium (up to 
several millimetres) except when 

foci coalesce 

Variable size: small to large 
(up to several centimetres) 

Lesion edges Sharp, punched-out, bored Scalloped, denticulated, 
craggy 

Radiographic 
appearance Sharply delimited areas of lucidity Obscure, cloudy, moth-

eaten areas 
Bone surrounding 

lesions No pathological change Pitting with further small 
apertures 

Osteoblastic reaction 
around lesions Non-existent or extremely mild Slight or significant 

Skeletal distribution 
Scapula (glenoid cavity, lateral 

border, acromion); lateral clavicle; 
radius; ulna 

Neural arches of vertebrae 
and processes 

Sex distribution Males affected more than females Expected to occur more 
commonly in females 

 

 Please see further analyses of metastatic carcinoma ���â�H�I�þ�i�N�R�Y�i���H�W���D�O����������������

Assis and Codinha 2010; Binder et al. 2014; Lieverse et al. 2014) and multiple 

myeloma (Alt and Adler 1992; Haidle 1995; Abegg and Desideri 2018) in dry bone for 

more comparison. 

 The symptoms accompanying skeletal metastases vary depending on the age 

of the individual, the location of the original tumour, and which elements are affected 

(Resnick 2002v). Bone pain is frequent and can be either localised to the site of 

metastases or referred to other parts of the body (Resnick 2002v). Clinical studies 

found that skeletal metastases of the skull are usually asymptomatic, but can cause 

pain, swelling, and compression of dural sinuses and cranial nerves, which can result 

in subsequent impairment (Stark et al. 2003). Clinical studies found that skeletal 

metastases of the spine are associated with neck and back pain and sometimes 

neurological issues, while pelvic and femoral skeletal metastases are associated with 

pain in the lower back and legs, and functional instability (Coleman 2006). Cancer of 

the lung, breast, and kidney are usually associated with hypercalcemia which can 

cause fatigue, anorexia, and constipation (Coleman 2006). Finally, if the spinal cord is 

compressed, individuals usually experience localised and radiating pain, weakness, 

paralysis, sensory disturbance, and incontinence (Coleman 2006). Pathological 

fractures due to the osteolytic destruction of bone are common.  
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