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Abstract
Objectives This study has three aims: (1) validate a new ra-
diographic measure of acetabular version, the transverse axis
distance (TAD) by showing equivalent TAD accuracy in
predicting CT equatorial acetabular version when compared
to a previously validated, but more cumbersome, radiographic
measure, the p/a ratio; (2) establish predictive equations of CT
acetabular version from TAD; (3) calculate a sensitive and
specific cut point for predicting excessive CT acetabular
anteversion using TAD.
Materials and methods A 14-month retrospective review was
performed of patients who had undergone a dedicated MSK
CT pelvis study and who also had a technically adequate AP
pelvis radiograph. Two trained observers measured the radio-
graphic p/a ratio, TAD, and CT acetabular equatorial version

for 110 hips on a PACS workstation. Mixed model analysis
was used to find prediction equations, and ROC analysis was
used to evaluate the diagnostic accuracy of p/a ratio and TAD.
Results CT equatorial acetabular version can accurately be
predicted from either p/a ratio (p<0.001) or TAD (p<0.001).
The diagnostic accuracies of p/a ratio and TAD are compara-
ble (p =0.46). Patients whose TAD is higher than 17 mm may
have excessive acetabular anteversion. For that cutpoint, the
sensitivity of TAD is 0.73, with specificity of 0.82.
Conclusion TAD is an accurate radiographic predictor of CT
acetabular anteversion and provides an easy-to-use and intui-
tive point-of-care assessment of acetabular version in patients
with hip pain.

Keywords Hip . Transverse axis distance . Acetabular
version . Radiographic assessment . Acetabular anteversion

Introduction

Abnormal acetabular version has been correlated with patho-
logic hip conditions including femoroacetabular impingement
(FAI) and developmental hip dysplasia. Acetabular version
refers to the anteroposterior orientation of the acetabular open-
ing relative to the true horizontal axis of the pelvis. Normally,
the acetabular opening is oriented anteriorly by 13–20° when
measured at the center of the acetabulum [1–3]. This is re-
ferred to as central, or equatorial acetabular version. A
retroverted acetabulum opens more posteriorly (less than
13°) and an anteverted acetabulum opens more anteriorly
(greater than 20°). The spiral orientation of the acetabular
opening results in increasing acetabular version in a cranial
to caudal direction, with cranial acetabular version averaging
12° less than central acetabular version [2].
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The association between acetabular retroversion and
femoroacetabular impingement has been well established in
recent years as a source of hip pain contributing to early hip
osteoarthrosis and labral tears [1, 4–8]. Acetabular anteversion
has classically been associated with developmental dysplasia
of the hip, an additional cause of early osteoarthritis [9–11].
Recognition and appropriate treatment of abnormal acetabular
version is crucial to preventing irreversible damage to the hip.

Although an AP pelvis radiograph is often the first radio-
graphic exam obtained in the evaluation of hip pain, no well-
established quantitative radiographic tool exists to assess ace-
tabular version. Several radiographic signs have been
established as secondary indicators of acetabular retroversion,
including the crossover sign, ischial spine sign, and posterior
wall sign [12, 13]. Multiple investigators have proposed ra-
diographic assessments to measure acetabular version or ace-
tabular coverage in the past but none have gained widespread
use [2, 3, 14]. The lack of traction of these radiographic as-
sessments is likely due to their rather tedious and time-
consuming nature. An objective radiographic tool which pro-
vides measurements comparable in accuracy to CT measure-
ments would help both physicians and patients.

In this study, conducted in a population of patients with hip
pain presenting to a hip preservation center, we aim to define a
new radiographic measure of acetabular version, the trans-
verse axis distance (TAD), and establish its equivalent accu-
racy to a previously validated radiographic assessment, the p/a
ratio [3]. In addition, we demonstrate that CT acetabular ver-
sion can be accurately predicted from TAD. Finally, we com-
pare ROC measures of diagnostic accuracy for TAD and p/a
ratio for the diagnosis of excessive acetabular anteversion,
using CT equatorial acetabular version of greater than 20° as
a gold standard.

Materials and methods

This study was approved by the institutional review board at
our institute, and has therefore been performed in accordance
with the ethical standards laid down in the 1964Declaration of
Helsinki and its later amendments. We searched PACS for CT
scans of the pelvis performed according to a dedicated MSK
protocol between August 1, 2012 and October 17, 2013. A
total of 151 studies (302 hips) were initially identified.
Patients were included if they were at least 10 years of age
and had a technically adequate AP pelvis radiograph in PACs.
Fifty-two hips were excluded for having no AP pelvis radio-
graph available, while 10 hips were excluded for having prior
surgical alteration of the acetabulum including periacetabular
osteotomy (4), acetabular rim shaving (2), slipped capital fem-
oral epiphysis repair (1), and total hip arthroplasty (3). Each
hip was evaluated and analyzed separately.

The MSK CT pelvis protocol is routinely obtained at our
institution for patients presenting with hip pain to our ortho-
paedic center of hip preservation. The MSK CT pelvis proto-
col is used to determine acetabular version and other measure-
ments for preoperative planning of patients being evaluated
for impingement or hip dysplasia surgical correction. This
protocol has been previously described elsewhere [15].
Briefly, the patient is placed supine on the gantry with feet
placed in a foot binder in neutral, toes up position. Care is
taken to square the pelvis on the CT gantry. Whole pelvis 1-
mm acquisitions with 2-mm reconstructions in axial, sagittal
and coronal planes as well as axial images of the distal femurs
for evaluation of femoral torsion are obtained. Oblique axial
reconstructions along the long axis of the femoral neck, and
3D surface rendered reconstructions are generated from the
axial acquisition.

AP pelvis radiographs are obtained at our institute accord-
ing to standard protocol [16] with the patient supine and legs
in 15° of internal rotation. The X-ray beam is centered mid-
way between the anterior superior iliac spine and the pubic
symphysis, with an X-ray tube-to-film distance of 120 cm.
Occasionally, the AP pelvis radiograph was performed at an
outside institution and was uploaded onto our local PACS.
These studies were included in the analysis if the image met
criteria for technical adequacy.

All AP pelvis radiographs were evaluated for technical
adequacy by assessing pelvic rotation and pelvic tilt. Degree
of pelvic tilt was determined by measuring the vertical dis-
tance between the coccygeal tip and upper margin of the pubic
symphysis, with acceptable distances ranging from 1–3 cm
[16]. Pelvic rotation was determined by measuring the trans-
verse distance between lines dividing the center of pubic sym-
physis and center of the sacrum. Distances between 0 (no
rotation) and 1 cm of pelvic rotation were allowed.

One hundred sixteen hips were excluded for coccygeal to
pubic symphysis distance of less than 1 cm or greater than
3 cm, whereas 14 hips were excluded for pelvic rotation of
greater than 1 cm. These exclusions left 110 hips included in
the final analysis (Fig. 1), of which 72 hips were female and
38 were male. The average age was 32 years with a range of
14–55 years (Table 1).

Trained observers performed all measurements on a PACS
workstation. Observer A, a second year radiology resident,
measured the radiographic p/a ratio and CTacetabular version
for all hips. Observer B, a MSK radiologist with 10 years of
experience, measured the radiographic TAD for all hips.
Observers were not strictly blinded to other imaging studies
available for the patient in PACS.

The p/a ratio was calculated from the distance between the
acetabular articular surface to the posterior wall (P) and the
distance from the acetabular articular surface to the anterior
wall (A), both measured along the perpendicular bisector of a
line connecting the lateral edge of the acetabulum and the

Skeletal Radiol



teardrop, as described by Koyama et al. [3]. If the perpendic-
ular bisector fell within the acetabular fossa, the point on a
circle of best fit of the acetabulum drawn along the sourcil was
used as the acetabular articular surface from which to measure
P and A (Fig. 2).

TAD was measured by first drawing a line (T) connecting
the inferior acetabular teardrops. This line represented the true
transverse axis of the radiographic pelvis. Next, a circle of best
fit was approximated around the femoral head. Line T was
moved superiorly until it bisected the equator of the best fit
circle of the femoral head. The distance between the anterior
and posterior acetabular walls was measured along line T,
yielding the TAD measurement in mm (Fig. 3).

CT equatorial acetabular version was measured at the level
of the mid femoral head on axial CT images, correlating to the
center of a best fit circle drawn around the femoral head on the
central coronally reconstructed cut [4]. The version angle was
measured between a line drawn tangent to the anterior and
posterior walls of the acetabulum and the true sagittal plane
(Fig. 4).

Statistical analysis

We used a similar analysis strategy for both p/a ratio and TAD.
We describe the one for TAD, as the one for p/a ratio is par-
allel. We fit a general linear mixed model with an unstructured
covariance, CT equatorial version as the outcome, and hip,
TAD and hip by TAD interaction as predictors, in the full
model in every cell. We used planned, backwards, stepwise
analysis to examine the utility of including hip, and hip by
TAD interaction in the model. In the final and best fitting
model, we used a Wald test with Kenward Roger degrees of
freedom [17] to assess whether TAD was significantly associ-
ated with CTequatorial version, and to estimate the strength of
the association between TAD and CT equatorial version, to

151 CT pelvis per 
MSK protocol 

10 surgically altered hips (4 periacetabular 
osteotomies, 3 total hip arthroplas�es, 2 

acetabular rim resec�ons, 1 slipped capital 
femoral epiphysis repair)  

292 hips  

52 hips without AP pelvis 
radiograph in PACS  

240 hips  

124 hips  

14 hips with excessive 
pelvic rota�on  

116 hips with excessive 
pelvic �lt 

110 total included hips  

Fig. 1 Flow chart for study patient selection

Table 1 Demographics
of included study
patients

Demographics

Hips (n) 110

Patients (n) 57

Age range (years) 14–55

Mean age (years) 32

Female (n, %) 72, 65.5

Male (n, %) 38, 34.51

Fig. 2 Method for calculating p/a ratio. The p/a ratio was calculated from
the distance between the acetabular articular surface to the posterior wall
(P) and the distance from the acetabular articular surface to the anterior
wall (A), both measured along the perpendicular bisector of a line
connecting the lateral edge of the acetabulum and the teardrop
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produce 95 % prediction intervals, and to provide the predic-
tion equation.

To assess the ability of TAD and p/a ratio to predict the gold
standard of CT-measured excessive acetabular anteversion
(>20°), we used paired receiver operating characteristic
(ROC) curve analysis. We estimated the accuracy of both
methods, relative to CT, using the area under the ROC curve

(AUC), as a measure of diagnostic accuracy.We compared the
accuracy of TAD and p/a ratio using a test for the difference in
AUC [18]. We used the Youden index to determine the best
cut points for categorizing excessive acetabular anteversion
[19] by p/a ratio and TAD, respectively. For each radiographic
measure, we report the optimal cut point and its associated
specificity and sensitivity.

Results

The average acetabular version in our study group was 20.36°
(range, 10–34°). Fifty-five hips had normal equatorial version
(13–20°), 49 hips were anteverted (>20°) and 6 hips were
retroverted (<13°). The average TAD in our study group was
15.87 (range, 0–32). The average p/a ratio in our study group
was 1.98 (range, 1–8.37).

There was no significant difference between TADmeasure-
ments for right hips compared to left hips (F=0.94, ndf=1,
ddf=37.2, p =0.34), and the association between TAD and CT
acetabular version was independent of which hip (right versus
left) was measured (F=0.91, ndf=1, ddf=43.3, p =0.35).
TAD was significantly associated with CT equatorial version
(β =0.46, 95 % CI=(0.33, 0.60), t=6.80, p<0.0001). The
mixed model fit (Fig. 5a) demonstrates good accuracy for
the prediction of CT equatorial version from TAD (Fig. 5b).
For every one unit increase in TAD, CT equatorial version
increases by 0.46. The predictive model is:

CT Version ¼ 13:00þ 0:46� TADð Þ

There was no significant difference between p/a ratio
measurements for right hips compared to left hips (F=
0.12, ndf=1, ddf=50.3, p =0.73), and the association
between p/a ratio and CT acetabular version was inde-
pendent of which hip (right versus left) was measured
(F=1.40, ndf=1, ddf=49.7, p =0.24). P/a ratio was sig-
nificantly associated with CT equatorial version (β =
3.49, 95 % CI=(2.42, 4.57), t =6.49, p <0.0001). The
mixed model fit (Fig. 6a) demonstrates good accuracy
for the prediction of CT equatorial version from p/a
ratio (Fig. 6b). For every one-unit increase in p/a ratio,
CT equatorial version increases by 3.49. The predictive
model is:

CT Version ¼ 13:40þ 3:49� P=ARatioð Þ

Figure 7 shows the ROC curves for p/a ratio and TAD. The
ROC AUC for TAD was 0.81 (0.72, 0.89), and AUC for p/a
ratio was 0.84 (0.76, 0.91). The AUCs for TAD and p/a ratio
were not significantly different (χ2=0.55, p =0.46).For TAD,
a cutpoint of 17 mm had a sensitivity of 0.73 and a specificity
of 0.82 in predicting CT derived-excessive acetabular
anteversion.

Fig. 3 Method for measuring the transverse axis distance (TAD). True
pelvis horizontal line (T) was drawn connecting the inferior aspects of the
acetabular teardrops. The line (T) was then moved superiorly until it
intersected the center of a best fit circle drawn around the femoral head
of the hip being measured. The distance, measured in mm, between the
anterior and posterior walls was the TAD

Fig. 4 CT acetabular version measurement technique. The axial cut
extending through the center of a best fit circle on the central coronal
reconstructed cut (inset image) was used to calculate the equatorial
acetabular version. The angle between a line drawn tangent to the
anterior and posterior walls of the acetabulum and a true sagittal line
was the CT acetabular equatorial version angle (20° in this example)
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Discussion

Recognition of abnormal acetabular version in patients with
hip pain is critical in forming an appropriate treatment plan.
Although CTof the pelvis and hip has gained acceptance from
hip preservation surgeons and MSK radiologists for accurate
assessment of acetabular version, reliable and quantitative ra-
diographic measures have not been widely adopted. Several
measurement techniques have reported accurate predictive
power when compared to CT acetabular version [2, 3, 14]
but clinical, point of care assessment has not been widely
adopted related to the complicated nature of these measure-
ments. There is a need for intuitive, easy, and easily quantitat-
ed radiographic assessments.

Our results validate a new and simple radiographic method,
TAD, for assessing acetabular equatorial version. In addition,
we wanted to compare the performance of TAD to an existing,
but more complex, radiographic assessment of acetabular ver-
sion, the p/a ratio [3]. Both techniques are predictors of CT
acetabular version and ROC curve analyses of these tech-
niques demonstrate high accuracy approaching 85 % of the

gold standard, CT acetabular version. No statistically signifi-
cant difference exists between the two tools in the ability to
predict CT acetabular version, however some intrinsic differ-
ences between the measurements themselves became apparent
during our study. For example, it was recognized that the p/a
ratio is partially dependent on the shape of the acetabular
articular surface in addition to its anteroposterior orientation,
while TAD is not as susceptible to this factor. Therefore, dys-
plastic, flattened acetabula with underdeveloped anterior walls
will have an abnormally high ratio (normal P divided by ab-
normally small A, resulting in a larger ratio), skewed out of
proportion to the actual degree of acetabular version. This
accounted for our outlier p/a ratio of 8.75 in a patient with
severe hip dysplasia. The TADmeasurement, in contrast to the
p/a ratio, reflects only the absolute distance between the ante-
rior and posterior walls, and is not affected by the shape of the
acetabular articular surface. Because of this, p/a ratio may
overpredict the degree of acetabular anteversion in patients
with severe hip dysplasia. Our study did not include enough
patients with severe dysplasia to fully evaluate this
phenomenon.

Fig. 5 a Observed and predicted association between TAD and CT equatorial version. b 95 % prediction interval for the association between observed
and predicted CT, demonstrating accurate prediction using TAD

Fig. 6 a Observed and predicted association between p/a ratio and CT equatorial version. b 95 % prediction interval for the association between
observed and predicted CT, demonstrating accurate prediction using p/a ratio
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Several previously described radiographic tools have
shown accuracy in predicting acetabular version. In 2006,
Jamali et al. investigated a radiographic measurement adapted
from a method originally described byMeunier in 1987 [2]. In
their study of cadaveric specimens, radiographic acetabular
version was measured on AP pelvis radiograph by first draw-
ing a horizontal line (C) connecting the center of the two
acetabula and drawing a circle of best fit outlining the acetab-
ular diameter. The intersection of the posterior wall and ante-
rior wall and line C were identified as P and A, respectively.
Vertical lines intersecting points P and Awere drawn perpen-
dicular to line C. The superior and inferior intersection points
of the vertical lines with the circle of best fit of the acetabular
diameter were labeled A′, A″, P′ and P″, respectively. An
angle (A″-P′-P″) formed by connecting these points was the
radiographic acetabular version [2]. Although this method
produced an angle that highly correlated with CT acetabular
version, its complicated and confusing nature has limited its
use. In their analysis, Jamali et al. also analyzed a simpler
measurement, the ratio of the distance between the anterior
and posterior walls, and the diameter of the acetabulum.
This less complicated measurement was also reported to high-
ly correlate with CT acetabular version in their study, and is
similar to our TAD measurement.

In 2012, Siebenrock introduced two radiographic measure-
ments of total anterior wall coverage and total posterior wall
coverage, the anterior wall index (AWI) and the posterior wall
index (PWI) [14]. These were obtained by first drawing a
circle of best fit around the femoral head and drawing a line
down the axis of the femoral neck. The distance between the
points along the line intersecting the center of the circle and
the anterior wall, and the distance between the points along the

line intersecting the center of the circle and the posterior wall
was determined. These distances were each divided by the
radius of the circle to yield the respective AWI and PWI.
The AWI and PWI measurements highly correlated with the
total anterior and posterior coverage as determined by a vali-
dated computer model in their study population of patients
with symptomatic hip disease. These tools may represent a
less direct measure of acetabular version compared to TAD
and the p/a ratio.

In 2013, Koyama et al. examined the p/a ratio among a
population of patients with idiopathic osteonecrosis [3]. This
was also shown to highly correlate with central acetabular
version, and is more straightforward than the A″-P′-P′″ angle
proposed by Jamali et al. Therefore, we chose this existing
tool to include in our study as a measure of validated perfor-
mance against which TAD could be compared. Also, by
assessing this tool in our distinct patient population, we
showed that the p/a ratio is generalizable to symptomatic pa-
tients with FAI and hip dysplasia. However, we felt that the p/a
ratio, although an improvement on prior radiographic tools in
terms of complexity of the measurement, was still somewhat
cumbersome and time-consuming. In our experience, TAD
was significantly quicker and easier to perform compared to
the p/a ratio.

One of the strengths of our study is the development of a
conversion equation that could be applied in the clinic to allow
a semiquantitative estimate of acetabular version based on
TAD. A slight rounding of the TAD conversion factor as re-
ported in the previous, allows an easily memorable conversion
of:

CT acetabular version ¼ 13 þ 1=2TAD

The signs of acetabular overcoverage and acetabular retro-
version (acetabular cross over, posterior wall sign, and ischial
spine sign) have been well described and can point the treating
physician towards femoroacetabular impingement as a con-
tributing etiology to hip pain. Although these signs have clin-
ical utility, they lack sensitivity and specificity and are focused
on local or global acetabular retroversion. Excessive acetabu-
lar anteversion is being increasingly recognized as an impor-
tant finding in adolescent and adult hip pain. Excessive ace-
tabular anteversion can contribute to anterior femoral head
undercoverage and allow excessive anterior force from the
femoral head on the anterior hip constraints (capsule, labrum
and iliopsoas tendon), contributing to iliopsoas (IP) impinge-
ment [20–22]. This subset of patients is important to recognize
as typical treatment of anterior IP tendon pain (tenotomy) can
have profound, and sometimes catastrophic, effects in those
patients who are undercovered anteriorly and relying on the IP
tendon as a constraint to dislocation or subluxation. In these
patients with excessive acetabular anteversion, the TAD mea-
surement is particularly useful, and could be easily applied at

Fig. 7 ROC curves for p/a ratio and TAD
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the point of clinical care, avoiding mistreatment in this in-
creasingly recognized subset of patients. Using limits of ace-
tabular anteversion established by a number of authors [1, 2,
23], we defined excessive acetabular anteversion as greater
than 20°, and used cutpoint analysis to optimize sensitivity
and specificity of TAD for detecting excessive acetabular
anteversion. Our analysis yielded an optimum TAD cutpoint
of 17 mm.

Of note, the average acetabular version in our study was
20.36°, minimally anteverted. This may reflect that our study
population consisted of symptomatic patients being evaluated
by our hip surgeon. This population is more likely to have
abnormalities of acetabular version, specifically acetabular
dysplasia and FAI, compared to the general public.

Our study has several limitations. First, the observers were
not strictly blinded to the associated CT or radiograph for a
given hip, potentially introducing bias. Second, no evaluation
of inter- or intraobserver variability was performed, therefore
the reliability and reproducibility of these tools are unknown.
Third, although care was taken to account for pelvic tilt in the
axial or coronal plane to arrive at a true pelvic horizontal, no
correction was performed for sagittal plane pelvic tilt for CT
studies. Correction of sagittal pelvic tilt, through multiplanar
reformatting to align the anterior superior iliac spine with an-
terior margin of the pubic bodies, has been suggested to in-
crease accuracy of acetabular version measurements [5, 23,
24]. Fourth, although our initial study population had several
patients with equatorial acetabular version of less than 10°
(equatorial acetabular retroversion), none of these patients
had AP pelvic radiograph that passed quality measures. As a
result, our final study cohort did not contain any patients with
significant equatorial acetabular retroversion so the perfor-
mance of these measurements in cases of equatorial acetabular
retroversion is unknown. Finally, our population consisted of
patients being evaluated for hip pain, specifically for
suspected femoroacetabular impingement or hip dysplasia.
Therefore, the results of this study may not be generalizable
to asymptomatic patients or patients with alternative etiologies
of hip pain.

Our study has validated a new and easy radiographic mea-
sure of acetabular version. TAD shows excellent correlation to
CT version measurements, is equivalent in performance to the
previously validated but more cumbersome p/a ratio, and is
easy to measure at the point of clinical care. TAD is particu-
larly well suited to assess excessive acetabular anteversion as
there is no current radiographic sign or tool to alert the clini-
cian to this important subset of hip pain patients. A TAD of
greater than 17 mm has excellent sensitivity and specificity in
detecting equatorial acetabular anteversion of greater than
20°.
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