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Abstract

Background Often, anteroposterior (AP) pelvic radio-
graphs are performed with the patient positioned supine.
However, this may not represent the functional position of
the pelvis and the acetabulum, and so when assessing
patients for conditions like femoroacetabular impingement
(FAD), it is possible that standing radiographs better
incorporate the dynamic influences of periarticular
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musculature and sagittal balance. However, this thesis
remains largely untested.

Questions/purposes The purpose of this study was to
determine the effect of supine and standing pelvic orien-
tation on (1) measurements of acetabular version and
common radiographic signs of FAI as assessed on two- and
three-dimensional (3-D) imaging; and (2) on terminal hip
range of motion (ROM).

Methods Preoperative pelvic CT scans of 50 patients (50
hips) who underwent arthroscopic surgery for the treatment
of FAI between July 2013 and October 2014 were ana-
lyzed. The mean age of the study population was
29 + 10 years (range, 15-50 years) and 70% were male.
All patients had a standing AP pelvis radiograph, a
reconstructed supine radiograph from the CT data, and a
3-D model created to allow manipulation of pelvic tilt and
simulate ROM to osseous contact. Acetabular version was
measured and the presence of the crossover sign, prominent
ischial spine sign, and posterior wall sign were recorded on
simulated plain radiographs. Measurements of ROM to
bony impingement were made during (1) simulated hip
flexion; (2) simulated internal rotation in 90° of flexion
(IRF); and (3) simulated internal rotation in 90° of flexion
and 15° adduction (FADIR), and the location of bony
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contact between the proximal femur and acetabular rim
was defined. These measurements were calculated for
supine and standing pelvic orientations. A paired Student’s
t-test was used for comparison of continuous variables,
whereas chi square testing was used for categorical vari-
ables. A p value of < 0.05 was considered significant.
Results When changing from supine to the standing
radiographs, both mean cranial and central version
increased by 2° £ 4° (95% confidence interval [CI], 1°-3°)
and 2°+3° (95% CI, 1°-3°), respectively (both
p < 0.001). However, with the numbers available, there
were no changes in the proportion of positive crossover,
posterior wall, and prominent ischial spine signs. Standing
pelvic position tilt resulted in an increased hip flexion of 3°
(95% CI, 2°-4°) as well as an increase in IRF of 2° (95%
CI, 1°-3°) and FADIR of 3° (95% CI, 2°4°) (all
p < 0.001).

Conclusions The functional orientation of the acetabulum
varies between supine and standing radiographs and must
be considered when diagnosing and treating patients with
symptomatic FAIL. Standing pelvic orientation results in
posterior pelvic tilt and later occurrence of FAI in the arc
of motion. Although we cannot recommend standing
radiographs on the current study alone, we do recommend
larger studies to determine whether any significant differ-
ences truly exist.

Level of Evidence Level 111, diagnostic study.

Introduction

Femoroacetabular impingement (FAI), a common cause of
hip pain in young, active adults, results from abnormal
bony contact between the proximal femur and acetabulum
during ROM. Radiographic evaluation is a critical com-
ponent of the diagnostic evaluation and treatment decision-
making process in these patients. An understanding of the
effect of pelvic tilt, defined as the angle between the line
connecting the midpoint of the sacral plate to the axis of
the femoral heads and the vertical axis [13], on the
appearance of the hip on pelvic radiographs is important
when assessing young adults who present with hip pain
[5-8, 19, 21, 22]. Pelvic tilt is a natural component of the
patient’s posture and may vary substantially among
patients, between sexes, and during different activities of
daily living and sport-specific activities [8, 19]. The
sacrococcygeal distance (SCD) has become an accepted
surrogate measurement on the AP pelvic radiograph to
assess pelvic tilt.

Often, AP pelvic radiographs are performed with the
patient positioned supine. However, this may not represent
the functional position of the pelvis and the acetabulum,
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and so when assessing patients for conditions such as FAI it
is possible that standing radiographs may better incorporate
the dynamic influences of periarticular musculature and
sagittal balance [1]. However, to our knowledge, no studies
have evaluated the effect of weightbearing (standing)
radiographs on the common radiographic measurements
used assessing patients with FAL

The purpose of this study was to determine the effect of
supine and standing pelvic orientation on acetabular ver-
sion parameters on two- and three-dimensional (3-D)
imaging studies. Second, we aimed to compare the effect of
these two orientations on simulated impingement-free ter-
minal hip ROM.

Patients and Methods

Between July 2013 and October 2014, a single surgeon (AB)
performed 66 arthroscopic FAI procedures; of those, 50 hips
(76%) in 50 patients presenting with symptomatic FAI
underwent a standing AP pelvis and a preoperative CT scan
and were treated with arthroscopic hip surgery for symp-
tomatic FAI The 16 patients (24%) who were not included
within the study did not have a standing AP pelvis radiograph.
All patients who are indicated for arthroscopic treatment of
FAI by the treating surgeon undergo a preoperative CT scan
for surgical planning. All patients were diagnosed with FAI
on the basis of symptoms and physical examination findings,
which were confirmed with corresponding radiographic
pathomorphology on plain films and 3-D imaging. The mean
maximum CT-derived alpha angle for all hips was 73° + 12°
(range, 49°-96°) and was located on average at the 1:00
clockface position. The mean alpha angles at 12:00, 1:30, and
3:00 were 53°, 68°, and 51°, respectively. Twenty-five hips
(50%) presented with isolated cam impingement, one hip
(2%) with isolated pincer impingement, and 24 hips (48%)
with combined cam and pincer pathomorphology. No other
hip pathologies were noted such as Perthes or slipped capital
femoral epiphysis. The mean age of patients in this series was
29 £ 10 years (range, 15-50 years). Seventy percent of the
patients (n = 35) were male, and 54% (n = 27) of the sur-
geries involved the right hip. This study was performed under
an institutional review board-approved protocol.

In addition to standing AP pelvis and modified Dunn
lateral radiographs performed with a fixed protocol, the
patients underwent high-resolution CT scans of the pelvis
(and distal femur for assessment of femoral version) as part
of their clinical care and preoperative surgical planning. A
modified CT protocol using a decreased radiation exposure
of 3 mSv was used to maximize patient safety as described
in Milone et al. [16]. Positioning of the patient in the
scanner was standardized with the legs in native abduction/
adduction and the patellae pointing directly anterior. The
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patient was positioned supine with a natural resting pelvic
position. This resting, pelvic position was considered the
patient’s “supine” pelvic tilt.

The SCD [19, 21] was measured on the standing AP
pelvic radiograph by two independent observers (JRR,
EPT), on three separate occasions and the averages cal-
culated. The preoperative CT scans were uploaded into a
CT-based, computer software program (DYONICS PLAN;
Smith & Nephew, Andover, MA, USA) to generate patient-
specific 3-D models of the hip. This software program also
allowed generation of virtual plain radiographs, including a
simulated AP pelvic radiograph. The “supine” SCD was
calculated from the CT scan (Fig. 1A) with assistance of
the software measurement tools. These virtual radiographs
were also analyzed for parameters of acetabular and pelvic
orientation. Static radiographic parameters (two-dimen-
sional and 3-D) and dynamic ROM measurements to
impingement were calculated for two pelvic positions:
supine and standing (Fig. 1).

The dynamic software also allowed manipulation of the
pelvic tilt and to create and analyze the standing pelvic
orientation, the pelvic tilt of the virtual pelvis was adjusted
until the CT-based SCD matched the measured SCD from
the standing AP pelvic radiograph (Fig. 1B—C). SCD was
defined as “appropriate” if 20 to 40 mm in male patients
and 20 to 55 mm in female patients, as described by
Tannast et al. [21].

Two-dimensional radiographic parameters, including the
presence or absence of the crossover [18], prominent ischial
spine [10, 11], and posterior wall signs [18], were deter-
mined. Additionally, the lateral center-edge angle (LCEA)
[24] was measured. Three-dimensional radiographic
parameters measured included acetabular version measure-
ments at the 1:30 (cranial) position and 3:00 (central)
position [15] as well as percent acetabular coverage at the
anterior, superior, and posterior aspects of the acetabulum.

Simulated hip ROM to the point of osseous impinge-
ment was performed with the 3-D-generated model as
previously described [2, 3] with the pelvis in the orienta-
tion of the supine and standing positions. No clinical ROM
measurements were made in this series, because we mea-
sured the differences and changes in the ROM between the
two various pelvic positions using the 3-D-generated
models. The pelvis was fixed in the predefined position and
the femur was free to move in all directions but constrained
to rotate about the proscribed rotation axis, against the
congruous acetabular surface. A posteriorly and superiorly
directed force was applied to the femur to maintain
reduction of the femur during simulation [3]. The femur
was positioned with the posterior femoral condylar axis
parallel to the horizontal axis of the pelvis (native femoral
version). During the simulated ROM maneuvers, the femur
was moved in a specific motion until contact between the

femur and acetabulum occurred (detected by the resultant
translation of the femoral head). This point of collision was
defined as the occurrence of mechanical impingement,
which was recorded in degrees of motion. Three ROM
simulations were performed: (1) internal rotation in 90° of
hip flexion (IRF); (2) internal rotation in 90° of hip flexion
with 15° of adduction (FADIR); and (3) maximum hip
flexion. The location of contact on both the proximal femur
and the acetabular rim was determined using standardized
clockface nomenclature. The clockface was standardized
between hips so that 12:00 was proximal and 3:00 was
always anterior in both right and left hips [4, 14, 17].

Statistics

Statistical analysis was performed with Microsoft (Red-
mond, WA, USA) Excel software to compare the changes in
radiographic parameters and ROM to impingement between
the different pelvic tilt conditions. A paired Student’s t-test
was used for comparison of continuous variables, whereas
chi square testing was used for categorical variables. Ana-
lysis was also performed to identify correlations between the
radiographic measurements and signs of acetabular version
and the change in pelvic tilt and SCD between supine and
standing radiographs using the Mann-Whitney U-test for
categorical variables and Pearson correlation for continuous
variables. A p value of < 0.05 was considered significant.

Results

When moving from the supine to the standing position, both
mean cranial acetabular version and central version
increased by 2° £ 4° (95% confidence interval [CI], 1°-3°)
and 2° & 3° (95% CI, 1°-3°), respectively (p < 0.001;
Table 1). There was, however, no significant change in the
percentage of positive radiographic signs of acetabular ret-
roversion, namely crossover sign (44% in supine versus 32%
in standing; p = 0.21), posterior wall sign (46% in supine
versus 36% in standing; p = 0.31), and prominent ischial
spine sign (16% in supine versus 20% in standing; p = 0.60).
However, 27% (six of 22) of patients with a crossover sign in
the supine position lost the appearance of this sign when in
the standing position. There was no change in the LCEA
(32° £ 6°in supine versus 31° & 6° in standing; p = 0.84).
Additionally, the mean SCD significantly decreased from
35 &+ 14 mm to 28 £+ 18 mm (p < 0.001; Table 1). This
pelvic orientation was created by manipulation of the pelvic
tiltby amean of 3° £ 5°in the posterior direction (range, 16°
posterior to 10° anterior). Seventy-four percent (37 of 50) of
patients were noted to have appropriate SCD in the supine
position. Sixty percent (30 of 50) of patients were noted to

@ Springer



1270  Ross et al.

Clinical Orthopaedics and Related Research®

Standing

Standing

Fig. 1A-E Patient example demonstrating the supine virtual radio-
graph (A) reconstructed from the CT scan. (B) The standing AP pelvic
radiograph demonstrated a SCD of 0.2 mm. The standing virtual

have appropriate SCD in the standing position. A positive
crossover sign on the standing radiograph was associated
with a smaller change in pelvic tilt (0.1° anterior versus 4.1°
posterior; p = 0.015). Similarly, a positive posterior wall
sign on standing radiographs was also associated with a
smaller change in pelvic tilt (1° versus 4°; p = 0.007).
Additionally, hips that demonstrated less anteversion, more
anterior coverage, and less posterior coverage displayed
smaller differences in pelvic tilt between supine and standing
radiographs (p < 0.05).

A standing pelvic position resulted in an increase in hip
flexion of 3° (95% CI, 2°—4°) (118° % 16° for supine and
121° £ 16° for standing; p < 0.001) when compared with
the supine pelvic position. Similarly, there was also an

@ Springer

radiograph (C) was created by increasing posterior pelvic tilt (D-E) by
6.5°. (D) Supine pelvic radiograph demonstrated a positive crossover
sign, which is eliminated with standing radiographic evaluation (E).

increase in internal rotation in flexion of 2° (95% CI,
1°-3°) (28° £ 14° for supine and 30° £ 14° for standing;
p < 0.001) with an anterior shift in the location of the
acetabular impingement (1:15 versus 1:30; p = 0.05)
(Table 2). The standing position also resulted in a 3° (95%
CI, 2°-4°) increase in FADIR (20° + 14° for supine and
22° £ 14° for standing; p < 0.001) with a lateral shift in
the femoral impingement (3:00 versus 3:15; p = 0.01).

Discussion

Analysis and identification of acetabular morphology are
critical in the decision-making process when evaluating
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Table 1. Two- and three-dimensional acetabular measurements in the supine and standing pelvic positions

Radiographic measurement Supine Standing p value
Mean + SD Range Mean + SD Range
Sacrococcygeal distance 35 + 14 mm 12-70 mm 28 £+ 18 mm —10 to 72 mm < 0.001
LCEA 31° £ 6° 20°-49° 32° £+ 6° 20°-46° 0.84
Cranial (1:30) acetabular version 4° £+ 10° —19° to 39° 6° £ 11° —23° to 33° < 0.001
Mid (3:00) acetabular version 16° £ 7° 0°-30° 17° £+ 8° —1°to 37° < 0.001
Positive crossover sign 44% 32% 0.21
Positive posterior wall sign 46% 36% 0.31
Positive prominent ischial spine sign 16% 20% 0.60
Anterior coverage 33% £ 4% 28%—44% 32% + 4% 22%—43% < 0.0001
Superior coverage 60% + 4% 54%—-70% 59% + 4% 53%—-69% 0.0001
Posterior coverage 46% =+ 4% 37%—-57% 47% + 5% 38%—-59% < 0.0001
LCEA = lateral center-edge angle.
Table 2. ROM to impingement and the corresponding femoral and acetabular impingement locations
Dynamic motion Supine Standing Change p value
Mean &+ SD Mean + SD Mean Range
Flexion 118° + 16° 121° + 16° 3° —7° to 18° < 0.001
Femoral impingement 5:00 5:00 0.78
Acetabular impingement 1:45 1:45 0.42
IRF 28° + 14° 30° £ 14° 2° —6° to 10° < 0.001
Femoral impingement 2:45 2:45 0.08
Acetabular impingement 1:15 1:30 0.05
FADIR 20° £ 14° 22° £ 14° 3° —8°to 18° < 0.001
Femoral impingement 3:15 3:00 0.01
Acetabular impingement 1:45 1:45 0.84

IRF = internal rotation in 90° of flexion; FADIR = simulated internal rotation in 90° of flexion and 15° of adduction.

patients who present with hip pain and defining the most
appropriate joint preservation treatment options [9, 12, 20].
Previous studies have demonstrated the effect of alterations
in pelvic tilt on plain radiographic parameters of acetabular
morphology [6-8, 19, 21, 22]. AP pelvis radiographs are
used routinely and are generally obtained with the patient
positioned supine. Some have questioned the validity of
supine pelvic radiographs in the patient with young hip
disorders, because this pelvic position is not functional and
does not include the dynamic influence of periarticular
musculature and sagittal balance in the standing position
[25]. The purpose of this study was to determine the effect
of supine and standing pelvic orientation on acetabular
version parameters on two- and 3-D imaging studies.
Additionally, we aimed to compare the effect of these two
orientations on simulated impingement-free terminal hip
ROM.

The current study should be interpreted in light of its
limitations. ROM simulations in the study include only
bony morphology, ignoring contributions of labrum,

cartilage, capsule, and periarticular soft tissue structures.
This is reflected in the high level of IRF (mean of 28°)
present in this FAI population in the supine position.
Current technology does not allow for the inclusion of soft
tissue structures. The pelvic position was also fixed in the
simulations during ROM and although changes in dynamic
pelvic tilt do likely occur during ROM, these changes are
currently poorly understood and are an appropriate target
for future research. Additionally, the CT scans were per-
formed in the supine position and the pelvic position was
manipulated to match the position of a standing radiograph.
Although this manipulation is not an exact replica of the
standing position, the software program allows measure-
ment of the SCD and manipulation of the pelvic tilt to
match the standing pelvic radiograph. Furthermore, femo-
ral orientation is likely to influence ROM and was
standardized with the posterior femoral condylar axis par-
allel to the horizontal axis of the pelvis. Although this
orientation may not represent physiologic orientation, it
was uniform between the pelvic orientations and by using a
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matched-pair study design, this is minimized. The current
study included only patients with underlying FAI and the
findings may not be applicable to those without such
deformity. However, the vast majority of patients pre-
senting with symptomatic labral tears have evidence of
underlying FAI pathomorphology [23]. Finally, all patients
within the study underwent surgical treatment of FAI and
thus did not include patients who were treated without
surgery. However, exposing these patients to the radiation
of a CT scan, although limited, would be difficult to justify.

In our study, we demonstrate that the functional orien-
tation of the acetabulum varies between supine and standing
radiographs and should be considered when analyzing the
radiographs of patients with symptomatic FAI. The SCD,
which has become a commonly used surrogate measure of
pelvic tilt, was noted to decrease by 7 mm when changing
from the supine to standing position, which was slightly less
than recently reported measurements by Pullen et al. [25],
which noted a mean decrease of 11 mm among males and
16 mm among females. Troelsen et al. [26] also demon-
strated similar changes in pelvic tilt when comparing supine
with standing radiographs in a series of patients with ace-
tabular  dysplasia. Previous studies have defined
“appropriate” values of the SCD; however, according to
our study, between 26% and 40% of patients had a sacro-
coccygeal measurement outside of the previously
established “appropriate” values [21]. This further agrees
with the argument that pelvic position is variable among
patients and must be taken into consideration when ana-
lyzing and treating patients with prearthritic hip pain.
Similar to the study by Troelsen et al. [26], our study did
not demonstrate any significant change in the LCEA. Other
studies, however, have demonstrated significant decreases
in the LCEA between 1.2° and 3.6° [8, 25]. These studies,
however, performed measurements of true weightbearing
radiographs and perhaps weightbearing through the hip may
allow for slight femoral head lateral translation, which
would result in a decrease in the LCEA measurement.
Although we did not demonstrate any significant change in
the radiographic markers of acetabular version (crossover,
posterior wall, and prominent ischial spine signs), we did
demonstrate a significant change in both the cranial and
central version, which has not been investigated previously.
It is perhaps that the study is underpowered to detect a
radiographic difference in the signs of acetabular version
given that 27% of patients with a crossover sign in the
supine position ended up losing their crossover sign when
changing to the standing position. Although 73% of patients
did not demonstrate a change in this indicator of acetabular
retroversion, this concept is important to note given that a
false perception of focal cranial retroversion may lead to
errant rim resection and risk of iatrogenic dysplasia. The
role of dynamic and static alterations in pelvic tilt in FATI is
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poorly understood. In addition to the effect of acetabular
parameters that were previously mentioned, our study also
demonstrates small but significant changes in secondary
terminal hip ROM to impingement when comparing the
supine and standing pelvic positions. Although these mean
values may not be clinically significant, the wide range of
dynamic changes with pelvic alteration between supine and
standing is not insignificant. Although the majority of
patients in our study had a posterior tilt of the pelvis in the
standing position, there were also patients within our study
who had anterior pelvic tilt in the standing position, rep-
resented by an increase in the SCD. Within these patients,
the standing position was accompanied by retroversion of
the acetabulum and subsequent loss of simulated hip motion
with the pelvis positioned anteriorly to match the standing
SCD. Additionally, patients with more retroversion in the
standing position have a lesser magnitude of pelvic
mobility. This highlights the variability between patients
and further emphasizes the concept of dynamic muscular
control of the pelvis with resultant changes in pelvic tilt,
which might compensate for impingement in some instan-
ces. Future studies, however, will need to validate whether
these findings are also important clinically through both
clinical measurements of ROM as well as correlating with
patient-reported outcome scores.

In summary, we found that the functional orientation of
the acetabulum varies between supine and standing radio-
graphs and must be considered when diagnosing and treating
patients with symptomatic FAI. We demonstrate pelvic tilt to
be variable between patients with the standing pelvic ori-
entation, on average, resulting in posterior pelvic tilt and thus
arelative anteversion of the acetabulum and later occurrence
of FAI in the arc of simulated motion. It is however also
important to note that some patients demonstrated anterior
pelvic tilt when moving from a supine to standing position.
Although the common radiographic measures of acetabular
version were not significantly different between groups,
functional changes of the acetabulum do occur. Although we
cannot recommend standing radiographs on the current study
alone, we do recommend larger studies to determine whether
any significant differences truly exist.
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