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Abstract
Aim: Pelvic radiography is used for the identification of hip joint changes, including pathologies such
as osteoarthritis (OA).

Several studies have recommended the position for this radiological

procedure should be standing and not supine in order to reflect the functional appearances of the
hip joint.

The aim of this literature review was to evaluate pelvis radiography positioning with

respect to the image appearances and information provided for clinical decision making. Aside from
this, the review will also consider potential recommendations for the radiographic technique for an
erect pelvis projection.
Method: A literature search was performed using databases / abstract systems (ScienceDirect,
Web of Science, PubMed and Medline). Only articles written in English were included.
Results:

Twenty-five articles were identified. Findings from the review describe the effect of

repositioning from supine to erect on a series of specific hip measurements. These include pelvic
tilt, joint space width and the acetabular component.
Conclusion: Evidence within the literature illustrates that in several studies there were differences
when repositioning from supine to standing for a number of pelvic metrics. Standing positioning is
promoted by some authors as this may facilitate the early diagnosis of hip joint pathology and assist
in the planning of surgical interventions. Literature is very limited on how to optimally perform erect
pelvis radiography and this should be an area for future research.
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Introduction
Over the past two-decades orthopaedic evaluation and treatment of hip pain has improved
dramatically1, 2. This is mainly due to the improved understanding of structural hip pathologies,
including acetabular dysplasia of the hip (AD) and femoroacetabular impingement (FAI)3, 4. AD is an
abnormality of the hip joint consisting of an abnormal relationship between the femoral head and
acetabulum.

The dysplastic acetabulum is shallow and steeply oriented5.

FAI is the collision

between parts of the femoral head and acetabular rim. There are three types of FAI6. The first is
cam-FAI in which the deformity occurs at the femoral head junction. The second type is pincer-FAI
where the femoral neck abuts against the acetabular rim and occurs due to the femoral head sitting
deep within the acetabulum7. The third type is combined impingement where both cam and pincer
types are present. Both AD and FAI are considered early signs of osteoarthritis (OA). OA is
expected to become the fourth most common disability in the United Kingdom (UK) by 20208 and it
is also a leading cause of hip pain9. Early diagnosis of people suffering from hip pathology is,
therefore, vitally important to ensure appropriate management strategies are established.
Advances in medical imaging equipment such as computed tomography (CT) and magnetic
resonance imaging (MRI) provide three-dimensional images which offer accurate diagnosis for hip
joint pathologies10. Despite these developments, projection radiography remains crucial in the
diagnosis and follow-up of most hip joint disorders such as FAI and AD. Primary reasons behind
this are that it is a simple, accessible and cheap technique with a relatively low radiation dose and
importantly it provides valuable clinical information11. Despite these advantages, precise evaluation
of the hip joint still poses challenges to the clinician, especially in cases of a mild structural
abnormality4, 12.
Alongside visual analysis of the imaging appearances a number of key radiographic
measurements are used in the evaluation of hip anatomy and the diagnosis of hip joint disorders13,
14

. Examples include centre-edge angle (CEA), acetabular index (AI) and joint space width (JSW)

which are used to demonstrate AD5, 15. CEA is the most useful indicator of hip dysplasia, and it is
the degree of lateral femoral head coverage in the frontal plane16. AI refers to the orientation of the
acetabular roof17 and is increased in developmental dysplasia. Head/neck offset and alpha angle
are alternative metrics in the diagnosis of FAI18–20. In addition, acetabular morphology is important
to identify changes in bony architecture which may underpin the FAI. JSW is measured at the
narrowest point on projection radiography21 and reduces with joint cartilage loss and OA
progression.
Pelvic tilt (PT) is considered one of the most important factors that effects radiographic outcome
measures. The pelvis can tilt in a lateral or antero-posterior (AP) orientation, with the former most
commonly related to leg length discrepancy and the latter rotation (flexion or extension) of the pelvis
and is influenced by posture. PT is measured by defining the angle between the line connecting the
anterior superior iliac spine (ASIS) and posterior superior iliac spine (PSIS) and a horizontal line22.
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Anterior PT rotates the pelvis forward and causes the acetabulum to be orientated posteriorly
facing, defined as retroversion.

In healthy people, if the pelvic X-ray image is acquired with

increased PT then this will lead to false acetabular retroversion appearances, which can affect the
diagnosis of FAI. Ultimately, inaccurate measurements, which may result from radiographic
positioning, could lead to inadequate diagnosis and poor quality treatment11.
Traditionally, an AP pelvis X-ray image is undertaken with the patient in the supine position. As
hip pain often presents during weight bearing and daily functional activities, such as walking and
running, some advocate that pelvic imaging should be performed in the erect position in order to
provide more clinically useful information23–25. Supporting this, several studies have reported that
there are changes in the orientation (tilt) of pelvis as the posture changes i.e moving from supine to
standing26–29.
The aim of this literature review was to evaluate erect over supine pelvic imaging, with respect to
imaging appearances and the diagnostic information provided.

Aside this, the review will also

consider, whether recommendations can be provided on the optimum radiographic technique for
erect AP pelvis radiography.

Methods
Peer reviewed literature was selected from four medical journal databases: ScienceDirect, Web of
Science, PubMed and Medline. Search terms used Medical Subject Headings (MESH) and key
words included hip, pelvis radiography, standing and supine pelvis, erect pelvis, weightbearing, total
hip replacement, osteoarthritis, dysplasia, femoroacetabular impingement, developmental dysplasia
of hip. Only articles written in English were included. There were no time limitations placed on the
search; this was to ensure that significant seminal studies were included. The search used Boolean
operators (AND, OR & NOT) to further narrow the results. To ensure that the information used within the review was accurate only submissions from peer-reviewed journals were selected. Furthermore, only those articles with unrestricted accessibility to their full-text were considered eligible for
inclusion. Publications which only used standing and supine positions were also included. Articles
that did not involve projection radiography, such as MRI and ultrasound were excluded. However,
articles focusing on the differences between the two positions, but using other imaging modalities
were included if deemed relevant. Moreover, the articles that used the two positions (erect and supine) for other body parts were also removed. Further details of the literature search and identification processes are detailed in Figure 1.
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Figure 1. Flowchart illustrating the article identification and selection process for the review.
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Results
Twenty-five articles were identified using the previously defined search criteria, with a large proportion emanating from mainland Europe. Key aspects of the articles are summarised in Table 1 (see
appendix). Findings can be divided into three main groups: the impact on the PT and other pelvic
measurements, the acetabular component of a joint replacement prosthesis and JSW. The discussion focused on these subgroups to help understand the information provided and in order to simplify the discussion. Six sections were chosen since they are the most common measurements used
to evaluate anatomical changes between the two positions (erect and supine).

Discussion
This section discusses the most important findings regarding the impact of repositioning from supine
to the standing and the value of the standing pelvis X-ray image. The discussion also considers the
impact of repositioning on the different radiographic appearances. Moreover, this section highlights
the different positions and imaging techniques that were used to obtain pelvis X-ray images in the
reviewed literature. However, if the position or technique is not described then the authors did not
provide technical details on how images were obtained.

The impact of repositioning on PT
Several studies26, 28 have concentrated on examining the difference between supine and erect positioning on PT. The results appear to be contradictory as some authors found differences between
erect and supine, whilst others did not.
Troelsen et al. (2008)26, recommended the erect pelvis position for people suffering from developmental dysplasia of the hip (DDH). Their study was conducted on 31 DDH patients and two
images were acquired, one supine and one erect. Supine images were acquired with the lower extremities parallel to each other and the feet internally rotated 15º to 20º. Erect images were acquired with the legs parallel to each other and with enough internal rotation for both feet to touch.
Pelvic rotation, JSW, acetabular version, CEA and AI were measured. Study findings indicated that
there was a change in the PT between positions for both genders. In a standing position PT was
greater in females (13°-14°) when compared to males (6°-7°), however, this was not statistically significant (p=0.14 to 0.70). Additionally, there was a statistically significant change in CEA from 1.3° to
1.6° (P<0.006), AI increased from 1.6 to 2.3 (P<0.003) but JSW was not affected (P=0.16). Extension to the pelvis was noted in the standing position, identified by the reduction in the distance between the sacro-coccygeal joint and symphysis pubis (SC-S) (p<0.005). Images demonstrating the
crossover sign (an acetabular radiographic finding associated with retroversion and pincer- FAI) reduced from 11 in supine to 4 in the erect position.
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A further study by Ala Eddine et al.27 was undertaken in 2001 using 24 patients to investigate
if the pelvis was individualised for everyone and whether morphological changes exist between the
supine and erect positions. Lateral pelvis X-ray images were acquired in standing and supine positions for a healthy group of volunteers. The results demonstrated a number of important pelvic differences on repositioning; for example, 22 patients demonstrated acetabular retroversion and two
patients showed anteversion when moving from supine to erect. Differences were significant for
changes in pelvis flexion and version (p=0.0001). The authors concluded that one of the reasons
for the displacement of prostheses is due to pelvic measurement methods. These often depend on
a CT scan alone for evaluating the hip joints. Since the CT scan is performed supine it is unlikely to
take into account these changes when people are standing and potentially increases the error in
arthroplasty location during surgery27.
Findings from Ala Eddine et al.,27 concurred with a recent study by Pierrepont et al., (2017)28
who evaluated the effect of three positions on PT in 1517 patients. X-ray images were acquired in
the supine, erect and in sitting positions. PT was obtained using a supine CT scan and also measured from lateral X-ray images in standing and sitting positions. The mean supine, erect and sitting
PT were 4.2°, -1.3° and 0.6°, respectively. Moving from supine to erect, the pelvis was observed to
rotate posteriorly by ≥13°, increasing the risk of acetabular anteversion. These results highlight the
increased risk of anterior loading and instability for people undergoing total hip replacement. Accordingly, the authors discussed the importance of surgical planning and the determination of the
acetabular cup orientation when relying on supine imaging. They concluded that supine imaging
may lead to suboptimal orientation of the acetabulum in functional positions (erect, sitting). In addition, assessment by function, using erect / load bearing pelvis imaging, was recommended as essential step for patients undergoing total hip replacement.
Babisch et al. (2008)29 reported the effect of repositioning on PT and acetabular cup inclination. Forty patients were imaged supine and erect and the results showed a significant difference in
PT between positions (p<0.001). Within this work, the mean PT was -10.4° and -5° for erect and
supine positions, respectively, a change of 5.4°. Konishi et al., 199330 reported significant differences between standing and supine positions in PT. In their study they evaluated 54 healthy volunteers using AP and lateral pelvis X-ray images. Study findings demonstrated an increase in PT by
5º (p=0.0001) between positions.
Previous studies26,

27, 29

have demonstrated statistically significant differences between the

two positions, however, comparisons must be taken cautiously since the research used different radiographic projections (AP and lateral). Furthermore, they also used different groups of participants
(healthy volunteers, DDH patients, patients with hip replacements). Also, there were differences in
the imaging modality used, including radiography and reconstructed CT images generated to mimic
AP X-ray images. A clear description of the standing position was not included in several studies
and as such, the effects of differences in position could not be evaluated. However, there is evi6

dence that PT and hence the CEA and acetabulum are affected when moving from supine to standing in both healthy and symptomatic patient groups. It should be recommended that standing radiography should be considered when people are suffering from hip pain and when early diagnosis is
paramount.
PSI to evaluate to PT
Some authors have used measures of pelvic sagittal inclination (PSI) to evaluate the impact of pelvic orientation (tilt) changes. Tamura et al., (2014)31 assessed one hundred and sixty three patients
in a study to determine the different spinal factors affecting PSI, in both erect and supine positions.
AP pelvis images were acquired in the standing position with the beam centred over the superior
margin of symphysis pubis. Whole spine lateral radiographs were obtained in the standing position.
Patients were asked to stand ‘relaxed’, with their hands positioned on a support bar in order to remove the hands from the primary radiation field. Supine measurements were obtained using preoperative CT scans. In 25% of the patients the PSI changed by >10° after moving from supine to
standing and for the other 75% the change was -6.9° (P<0.001)31.
A further study was conducted by Tamura et al. in 201732 to investigate the longitudinal differences between the two positions on PSI. Patients were imaged in supine and standing at 1, 5
and 10 years after total hip arthroplasty (THA). Pre-operative supine images were obtained from CT
scans and for standing the patient was asked to stand in a comfortable position and the X-ray beam
was centred over superior margin of the symphysis pubis. Ten years post THA there was more
than a 10º increased in PSI posteriorly when moving from standing to supine, however, this was not
felt to cause late dislocation, therefore the authors concluded that supine positioning is still valid for
acetabular component diagnosis.
A study undertaken by Miki (2012)33 evaluated whether the supine position is still suitable for
people who have a large pelvic inclination when standing. Ninety-one patients were imaged in the
two positions. Pelvis inclination ranged from -21º to 5º in the supine and standing positions, respectively and there was a strong correlation between the two positions (R=0.88). Another study34 was
conducted to evaluate the differences between the two positions using lateral X-ray images. Twenty-three patients were imaged and the results showed no significant differences in lumbar lordosis
(p=0.06), sacral inclination (p=1.00) and slip angle (p=0.55) between positions.
Evaluating PT using an inclinometer
Evaluating PT using other techniques is well established, an inclinometer is a widely accepted test
but would not be subject to the same geometrical differences from moving between erect and supine positions during projectional radiography. As such, an absence of any differences using an
inclinometer can not necessarily be translated across to radiographic assessments. Anda et al.,
(1990)35 measured PT in 40 healthy young adults using an inclinometer for erect and supine positions. No significant differences existed between the erect and supine positions based on this non7

radiological test. Similar results were found by Nishihara et al., in (2003)36 when studying 101 arthroplasty patients. Mayr et al., (2005)37 measured PT in 120 adult volunteers in the supine and
erect positions using a digitising arm. A digitizing arm generates a computer model from a physical
object by sampling 3D coordinates one at a time. Within this work, mean PT were 6.7° and 5.6° in
the erect and supine, respectively, and elderly people more than 60 years old were shown to have
more pelvic inclination in the standing position (8.7°). The mean pelvic inclination differences between the two positions was statistically significant -1.1° (p=0.007).
PT and acetabular cup orientation
A group of investigators studied the effect of PT on acetabular cup orientation38. Lembeck et al.,
(2005)38 measured PT on 30 volunteers using a combination of an inclinometer and ultrasonography. The average PT was -4° and -8° in supine and erect positions, respectively. Moreover, for
every 1° of pelvis reclination there was 0.7° of cup anteversion. The authors concluded that clinicians must take particular care about increasing the risk of arthroplasty dislocation due to an incorrectly located acetabular component, when pelvis measurements are taken in the supine position38.
Lembeck reported that in the supine position -4 degree of PT gives 2.8° of cup anteversion, which
was unlikely to affect surgical outcomes. However, they stated that when standing -8°of PT generated 5.6° more anteversion, which is a particularly critical value. Findings from Lembeck et al.,38
were also in line with Ala Eddine et al.27 who found an increasing error of cup anteversion when depending on supine CT images alone.

The impact of repositioning on the acetabulum
A number of studies39–41 were conducted to evaluate acetabulum morphology as it plays an
important role in clinical decision making with regards to choosing the most appropriate treatment
option. Differences between the standing and supine positions were assessed on pincer-FIA39 patients. Forty-six patients complaining of hip pain were evaluated. Measures indicative of PT and
AD were evaluated, including the distance between the symphysis and coccyx tip (T-S), the SC-S,
retroversion signs, CEA and inclination were measured. The standing and supine images were taken with the lower extremities 15º internally rotated. Moving from supine to standing the T-S distance
decreased from 19 mm to 6 mm (p≤0.001), and the SC-S distance decreased from 47 mm to 32 mm
(p≤0.001). These distances are related to PT, which means PT is less in the standing position than
for supine. Findings regarding the crossover sign, the number of the hips that demonstrated it decreased from 18 (supine) to 9 (standing) (23% to 13%; p≤0.001), CEA did not change (p=0.64), but
inclination angle significantly increased between positions (p=0.002). The authors concluded that
AP pelvis imaging in the standing position must be standardised when evaluating hip abnormalities,
and that caution must be exercised by clinicians if they use images acquired in the supine position
when evaluating FAI 39.
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Evaluating the effect of supine and standing pelvis positions on acetabular version was studied by Ross et al., in (2015)40. The results were obtained from 50 FAI patients by taking a standing
pelvis X-ray image and reconstructing supine images using pre-operative CT data. Patients were
positioned for the supine examination with their legs abducted and patellae orientated anteriorly.
This position was considered to provide a neutral supine PT. Study findings showed the acetabular
orientation differed between the two positions and the authors proposed that position must be taken
into account when diagnosing and treating FAI patients. Acetabular version increased by 2º
(p<0.001) when moving from a supine to a standing position as a result of increased posterior PT.
During standing, there was an increase in hip flexion by 3º and an increase in internal rotation and
abduction by 3º (p<0.001). Regarding the signs of acetabular retroversion, study findings showed no
significant changes between the two positions (p=0.21, p=0.31, p=0.60 for the crossover, posterior
wall and ischial spine signs, respectively), however, in 27% of participants the change in acetabular
orientation resulted in a loss of the crossover sign in the standing position40. This in turn may lead
to an inaccurate diagnosis and increase the risk of ineffective treatment.
Differences between the two positions were significant in the study by Polkowski et al.,
(2012)41 which was undertaken to determine whether the acetabular measurements change. Standing images were obtained using the EOS system, a slit beam digital radiography system designed to
enable three-dimensional low dose imaging, and supine images obtained from CT scans. Results
showed that acetabular inclination and version changed in standing position (p<0.0001 for cup anteversion and p=0.017 for inclination). Appropriate attention needs to be given when comparing the
EOS system with images rendered from CT data. Differences between positions could be attributed
to differences in image acquisition techniques between the two systems. With an absence of validation data caution must exist when interpreting differences between modalities.
Similar findings were obtained by Lazennec et al (2011)42 when comparing the acetabular
orientation between the two positions. AP pelvis X-ray images were obtained in standing and sitting
positions while supine positions were acquired from CT scans. Acetabular anteversion changed
from 24.2º in supine to 31.7º, 38.8º in standing and sitting positions, respectively (p<0.001). There
was correlation between standing and supine but not with sitting. The authors concluded that supine positions, using CT data acquired before THA, introduces bias and consideration should be
taken when evaluating the functional positions42.
Nishihara et al. (2003)36 used AP pelvis X-ray images acquired in supine, erect and sitting
positions for 101 patients who had undergone THA. The purpose of the study was to determine the
acetabular component position and the safe zone (optimum orientation of acetabulum component
during total hip replacement) in different pelvis locations. For imaging, the source-to-image distance
(SID) was 150 cm centred over the superior margin of the symphysis pubis. Supine images were
obtained using CT scans. 90% of the patients had 10º or less difference in pelvic flexion angle (tilt)
between erect and supine, and 20º between erect and sitting (R=0.84; p<0.0001). Based on their
9

results the authors concluded that the supine position is as practical as the functional standing position and considered it a suitable reference frame when evaluating acetabular component orientation.
Also, the pelvis flexion angle can be predicted for erect and sitting positions from the supine position. However, for the remaining 10% of cases they needed more extensive evaluation when the
acetabular component position needed to determined36.
A further study was conducted by Khan et al. (2016)43 investigating the effect of repositioning on
the acetabular cup orientation. Fourteen patients with bilateral joint replacements were included in
this study with AP pelvis images acquired in both positions. The cup anteversion was measured
using software which enables orientation of the cup to be accurately assessed with less than 1º error and was based on two dimensional images. There were statistically significant differences in the
mean cup anteversion angle 1.84º (p=0.02), greater in the standing position than supine. Cup orientation is highly affected by PT and orientation. As anteversion increases the cup pressure, contact and lubricating loss will also increase. This will lead to greater wear of the THA and potential
for hip dislocation43.
Au et al. (2014)44 found a significant increase in the acetabular inclination and anteversion in
the standing position when they conducted a study to see if the safe zone of the cup remained safe
when moving from supine to standing. During this study 30 patients were imaged with AP and lateral images in both positions. The results showed that PT, inclination and anteversion increased
significantly when people stand (p<0.0001) and importantly they are likely not to be in the same safe
zone as when supine (p<0.0001).
A recent study by Jackson et al., in 201545 also determined the changes on the acetabulum
component between the standing and supine. One hundred and thirteen THA patients were imaged
on the same day in the two positions. Supine images were obtained using conventional radiography
and standing images using EOS. The results showed that the mean changes in acetabulum component inclination and version were 4.6° in supine and 5.9° in standing (p<0.0001). Changes were
more than 5° in 43% and 53% of hip inclination and version, respectively. The authors recommended that a standing position should be considered when planning for THA and when determining the
optimal acetabular orientation.

Impact of repositioning on joint space width (JSW) and central edge angle (CEA)
A comparison of erect and supine pelvis radiography was conducted in 2008 by FuchsWinkelmann et al.46 to determine whether there was a difference in the demonstration of OA signs.
Measurements of acetabular roof obliquity (AI), JSW and CEA were acquired using erect and supine X-ray images in patients with DDH. The results illustrated variations between supine and erect,
AI values were greater, CEA smaller and minimum JSW was reduced in the standing position
(p<0.001 all metrics)46. Okano et al., (2008)47 found significant differences in JSW in 162 OA hip
patients when imaging people in supine and erect positions. In standing positions, patients were
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asked to stand in a comfortable position and distribute their weight equally on both feet, rotating
their feet inwards by 15º±5º. The X-ray beam was centred on the pubis symphysis using a SID of
110 cm and with images obtained using fluoroscopy. Supine images obtained using the same parameters resulted in the JSW being greater for supine positions (p<0.0001). Moreover, patients with
JSW more than 1 mm in the supine position decreased by more than 1 mm in standing and the authors recommended standing position for the evaluation of hip pain47.
In contrast to the work by Fuchs-Winkelmann et al.,33 Auleley et al., (1998)48 found no significant
differences in the JSW between images acquired in the erect and supine position. The study by
Auleley et al., included patients with and without the presence of OA. X-ray images were again obtained using fluoroscopy and a 110cm SID, with 15º of internal rotation of both feet. The central ray
was positioned at the level of the symphysis pubis. JSW was measured using a 0.1 mm graduated
magnifying glass and was greater in the standing position than when supine. However, these differences were less than 0.64 mm, with 95% limits of agreement (LOA) between the two positions
being −0.46 mm to 0.62 mm, and this represents normal for OA appearances on projection radiography.
Findings obtained from another study by Terjesen & Gunderson (2012)49 do not vary significantly
from the previously reported study31. The aim of this study was to evaluate the reliability of AP pelvis X-ray images for DDH patients and compare the hip parameters between erect and supine. Patients were positioned with their legs parallel and the imaging technique used a 120 cm SID and a
central ray positioned 3 cm above the symphysis pubis. Mean differences between the supine and
standing positions for CEA ranged from -1.1º to 0.0º (LOA, −8 to 7°) and JSW less than 0.1 mm
(LOA, −0.6 to 1.1 mm). Neither of these differences were considered clinically significant. Accordingly, the authors continued to use supine imaging for evaluating hip problems.
A further study by Evison et al, (1987)50, which examined measurement differences between
erect and supine images for 21 patients, also found no statistically significant differences. In this
case, the authors provided technical details for imaging including a 100 cm SID, 70-75 kVp and 50100 mAs. In 95% of their cases there was less than 1 mm differences in JSW between the positions. However, the authors recommended the erect position for some patient groups such as preand post-operative patients but not for routine clinical practice.
There are limitations to the assessment of JSW as the location of the measures was not consistently reported, with some confirming the smallest measure, whilst others suggested the middle of
the superior joint space was evaluated. In addition, different positions, SID, centring points and acquisition parameters were identified, where described. Moreover, no consistent position for standing and supine acquisitions were used, some studies obtained the images with internal rotation of
the feet while other studies maintained a parallel position. It has been proven from previous research that there is an effect of changing these parameters on image quality and radiation dose51, 52.
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These could also have an effect on clinical decisions, for instance, when the image quality is higher
the diagnosis may be more likely to be correct.

Limitations
Whilst a growing number of studies have investigated changes in pelvic measurements resulting from moving between standing and supine positions there have been no investigations of
any changes in radiation dose resulting from the different positions. Further studies are warranted
which should investigate optimum radiographic acquisition factors for standing pelvic radiography.
Within the reviewed literature there was commonly an absence of details regarding the precise positioning of patients for both supine and erect pelvic radiography. Some authors did attempt to standardise technique but the effectiveness of this was not discussed. Further research is required in order to understand how variations in radiographic technique can affect pelvic measurements and potentially procedural outcomes.
In should be noted that a number of studies27-30, 34, 44 have reported on the use of lateral pelvis images and their utility in the management of hip pathologies. The purpose of our review was to
compare likely variations between erect and supine AP pelvic imaging and not to evaluate the utility
of a lateral projection. It is accepted that there would be a role for lateral pelvic radiography in certain clinical manifestations, however there would be dose implications when incorporating this projection.

Conclusion
In conclusion, from the literature it is clear that there are changes to the pelvis that occur when
repositioning people from supine to standing. There is inconsistency in the literature exacerbated
by the different methods and techniques that have been used when evaluating the changes in position. In addition, research has generally been concentrated in specific patient groups (i.e. OA or
FAI), limiting generalisability of the research. Moreover, no studies have considered the radiation
dose and overall image quality while repositioning from supine to a standing position. Trends within
the publications analysed suggest that there are statistically significant differences in PT, pelvic version, CEA, PSI and JSW between positions. With many symptoms of hip pathologies only being
present when weight-bearing there are growing arguments supporting imaging in this position. It is
likely that both supine and erect pelvic radiography, using a standardised technique, provides the
opportunity for accurate measurements. However, erect radiography provides a greater opportunity
to evaluate the effects of force on the hip joint and also the postural orientation of the pelvis. Such
information can allow the identification of more subtle cases of pathology or provide more robust
information for treatment planning.

Ultimately, understanding that there can be differences in

measurements between techniques is important and both supine and erect pelvic radiography will
have a role in the investigation and management of hip disease.
12

Descriptions of radiographic technique for erect radiography is limited within the literature and
none of the publications discussed within this work have provided any evidence of validation on
whether their approach to imaging is optimum. Additionally, some studies utilise non-standardised
imaging for measurements such as reconstructed data from CT scans or standing lateral spine Xray images. Equally, no research has been conducted into optimising erect pelvis radiography, from
an image quality or dosimetry perspective. This represents a major gap in the literature and must
be the focus of future work. Movement of abdominal and pelvic tissue is likely to be different between positions and is likely to have an effect on radiation dose and image quality. This would need
to be considered when defining technical parameters as it is important to optimise the examination
and provide maximum diagnostic information.
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