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Abstract
INTRODUCTION: Pelvic positioning during total hip arthroplasty (THA) can affect
the functional position of the acetabular component. A comprehensive understanding of
pelvic orientation prior to THA is necessary to allow for proper cup positioning and
mitigate the risks of complications associated with component malpositioning.
Measurements using anteroposterior (AP) radiographs have been described as an
effective means of accurately predicting pelvic functional orientation. The purpose of our
study was to describe the accuracy of assessing pelvic tilt using AP radiographs alone.
METHODS: An online survey was created and sent to a cohort of fellowship-trained
adult reconstruction surgeons. The survey consisted of 65 standing AP pelvis
radiographs. Participants were asked to score each radiograph as 1) anterior pelvic tilt >
10 degrees, 2) posterior pelvic tilt > 10 degrees, or 3) neutral. Responses were then
compared to measurements of pelvic tilt made on lateral standing pelvic radiographs.
Categorical and continuous variables were compared using chi-squared, unpaired, twotailed
student’s
T
tests,
and
ANOVA.
RESULTS: 135 surgeons completed the survey. The average correct predictive value of
pelvic tilt between all surgeons was 53.2%. 51.2% of responding surgeons performed
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greater than 100 cases per year. 50% of surgeons reported that they were “not so familiar”
or “somewhat familiar” with the principles of spinopelvic mobility. 43.5% of surgeons
reported that they did not routinely use spinopelvic mobility principles in THA planning.
DISCUSSION: The standing AP pelvis radiograph is poorly predictive of pelvic tilt. Preoperative evaluation of spinopelvic parameters requires AP and lateral pelvic views for
detailed assessment and accurate pre-operative planning.

1 Introduction
Spinopelvic mobility refers to the motion that occurs between the spine, pelvis, and hips between
changes in body positioning to maintain sagittal alignment and upright balance [1]. The rotation that
occurs at the pelvis in the sagittal plane between these positions as the pelvis rotates around the femoral
heads is referred to as pelvic tilt [2]. The predictable effects of pelvic tilt on acetabular anteversion and
inclination play an important role in total hip arthroplasty (THA). Lembeck et al. demonstrated that
every degree of posterior pelvic tilt is associated with an approximate 0.7 degree increase of functional
anteversion of the acetabulum [3].
The phenomenon of increased anteversion and inclination as the pelvis rotates posteriorly in the
transition from standing to sitting is referred to as “the biological opening of the acetabulum.”[4] This
motion is necessary to avoid anterior impingement of the femoral neck in the flexed and internally
rotated hip while in the seated position. It is often altered in patients with coexisting hip-spine pathology
and corresponds with a seven-fold increase in the risk of dislocation within 12 months from an index
THA compared to those with no spine pathology [5–9].
Two-dimensional, antero-posterior (AP) pelvic radiographs are considered by many hip surgeons to
be the standard imaging modality for assessment of the hip in THA [1,10–12]. The use of lateral
radiographs of the lumbar spine and pelvis to study postural change and spinopelvic mobility is a
relatively new concept [2,7,13]. The standard use of AP pelvic radiographs has led to some attempts to
correlate spinopelvic parameters such a pelvic tilt to measurable ratios visible on AP radiograph [14–
17]. Tannast et al. reported that a line drawn between the upper border of the pubic symphysis and the
sacrococcygeal joint on AP radiographs has the strongest correlation with actual pelvic tilt measured
on lateral radiographs [15]. Despite this and other attempts to correlate AP radiographic measurements
with pelvic tilt, the degree to which spinopelvic mobility can be accurately assessed on AP pelvic
radiographs in THA patients unknown.
The goals of our study were three-fold: 1.) determine the ability of surgeons, with varying levels of
familiarity with spinopelvic concepts, to accurately measure Anterior Pelvic Plane tilt (APPt) based on
AP pelvic radiographs alone; 2.) quantify the level of familiarity hip surgeons have with spinopelvic
concepts; and 3.) quantify how frequently these concepts are applied in THA planning. We hypothesize
that APPt will be poorly predicted based on AP radiographs alone, and that, as a group, hip surgeons
are only moderately familiar with spinopelvic mobility principles in THA.

2 Methods
An online survey was created and sent to an international cohort of fellowship-trained adult
reconstructive surgeons in the United States (US) and Australia (AUS). The survey consisted of 65
consecutive standing AP pelvis radiographs. During radiographic imaging, patients were asked to retain
a natural, relaxed posture. The mean age of the 65 patients was 62 years (range 55-72). Fifty-two percent
were female.
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We defined an important predictive accuracy of pelvic tilt on AP radiographs to be approximately
76% [18]. The power was set to 0.85 and the overall type I error probability at 0.1. Applying these
assumptions yielded an approximate required sample of 38 subjects. To account for an approximate
20% lack of response, we queried 135 hip surgeons. Surveys were sent electronically to members of
the Australian Arthroplasty Society in addition to a number of US surgeons. Participants were surveyed
regarding the number of THAs performed annually, as well as familiarity with the subject of spinopelvic
mobility as it relates to component placement in THA. Surgeons were also queried about whether they
routinely used concepts related to spinopelvic mobility in planning for THA and their predominantly
used surgical approach (Figure 1).
Participants were then asked to score each of the 65 AP pelvis radiographs as 1) anterior pelvic tilt
> 10 degrees, 2) posterior pelvic tilt > 10 degrees, or 3) neutral (Figure 1). Responses were then
compared to control measurements performed in a previously described, standard fashion using lateral,
standing pelvic radiographs for each patient (Figure 2) [19]. Radiographic control measurements were
performed by a single hip surgeon highly experienced in spinopelvic mobility concepts using a digital
radiographic measurement tool provided by the hospital picture archiving and communications system
(PACS, New York, NY, USA). All lateral radiographs used as controls were measured prior to survey
distribution. Results of APPt accuracy were available to the surgeon immediately after completion.
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Figure 1: Sample questionnaire answered by each surgeon and anteroposterior radiograph
used to query surgeon ability to predict pelvic tilt
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Figure 2: Lateral pelvic radiograph measurement used to obtain control values against which
surgeons were graded

All descriptive and inferential statistics were conducted using SPSS v23 (International Business
Machines, Armonk NY) statistics software. Two-tailed Student’s t-tests were performed to compare
means among continuous variables and ANOVA was used to compare scores amongst three or more
groups. All tests performed were 2-sided, with a p-value <0.05 deemed statistically significant.
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3 Results
There was a total of 135 respondents (101 respondents from the US and 34 from AUS). All
respondents were fellowship-trained joint arthroplasty surgeons. The mean percentage correct of all
respondents was 53.2% (range: 23%-68%, SD 8.3%) (Table 1).
Table 1: Comparison of quiz score by surgeon practice, familiarity, and demographics
n (%)*
Score (SD)
p-value**
Country
0.44
AUS
34 (25.2)
52.7 (9.1)
USA
101 (74.8)
54.9 (5.4)
Surgeon Volume
0.72
1-40
8 (5.9)
54.6 (4.7)
41-100
42 (31.1)
51.0 (11.3)
101-200
48 (35.6)
54.1 (6.0)
201+
37 (27.4)
53.4 (10.2)
Predominant Surgical Approach
0.10
Non-posterior
22 (15.9)
58.2 (3.8)
Posterior
113 (84.1)
52.6 (8.7)
Familiarity with spinopelvic mobility
0.57
Not so familiar
29 (21)
56.6 (5.1)
Somewhat familiar
42 (31)
52.3 (6.4)
Very familiar
39 (29)
52.3 (10.4)
Extremely familiar
25 (19)
52.3 (10.1)
Routine usage of spinopelvic mobility
0.54
in planning
No
66 (49)
52.4 (10.7)
Yes
69 (51)
54.9 (6.0)
* Not all variables sum to 46 due to missing data
** p-values calculated using T-tests and ANOVA
The majority of surgeons performed between 41 and 200 hip replacement cases per year. Eight
surgeons performed between 1 and 40 cases per year, and 37 surgeons performed greater than 200 cases
per year. There was no significant association between surgeon volume and ability to predict APPt on
AP radiograph (p=0.72). Eighty-four percent of surgeons (n=113) reported that they predominantly
used a posterior surgical approach compared with a non-posterior approach. There was no significant
association between predominant surgical approach and ability to predict APPt (p=0.10).
Fifty-two percent of all surgeons reported being “not so familiar” or “somewhat familiar” with
concepts relating to spinopelvic mobility. Twenty-nine percent reported being “very familiar” and 19%
reported being “extremely familiar” with these concepts. There was no significant association between
familiarity with spinopelvic concepts and ability to predict APPt (p=0.57).
Similarly, approximately half of all surgeon-respondents reported that they did not routinely use
concepts of spinopelvic mobility in planning THA (n=66, 49%). There was no significant association
however between routine usage of spinopelvic mobility planning in THA and the ability to accurately
predict APPt on AP pelvic radiograph (p=0.54).
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4 Discussion
Fellowship-trained adult reconstructive surgeons can correctly predict APPt using an AP pelvic
radiograph in only about 50% of cases. Higher case volumes, greater familiarity with spinopelvic
mobility concepts, and more experience using principles of spinopelvic mobility in THA planning do
not confer an advantage in assessing pelvic tilt from AP radiographs. Half of the responding surgeons
describe themselves as “not so familiar” or only “somewhat familiar” with spinopelvic mobility
principles, and roughly 40% of hip surgeons deny routine usage of spinopelvic mobility concepts in
planning THA altogether. Our results suggest an underappreciation of these concepts and the need for
further elucidation of the topic.
While lateral pelvic radiographs in the standing and seated positions should be used to calculate the
change in pelvic tilt and assess for the presence of spinal stiffness or deformity that may predispose a
patient to dislocation, they are not yet routinely used in clinical practice [1,7,13,20–22]. Rather,
orthopaedic surgeons typically refer to AP radiographs for surgical planning; which alone are not
routinely used for evaluating spinopelvic mobility [1,10–12]. Prior literature suggests that AP
radiographs can be used to estimate spinopelvic parameters with some degree of reliability [15,18,22].
Tannast and colleagues sought to compare six previously described methods of estimating pelvic tilt on
AP pelvic radiographs [15]. A moderately strong correlation was found between the vertical distance
between the upper border of the pubic symphysis and the sacrococcygeal joint and pelvic tilt. The
authors found that pelvic tilt could be estimated within 3.8 degrees for men and 4.2 degrees for women
from this parameter. Blondel et al. investigated a different method for determining pelvic tilt in AP
pelvic radiographs using the sacro-femoral-pubic angle (midpoint of S1 endplate to centroid of acetabuli
to superior border of the pubic symphysis) [18]. A predictive ability of 76% accuracy was obtained
(±7.5°), demonstrating an improvement over the method reported by Tannast et al. More recently,
Schwarz et al. explored the ratio between the height of the obturator foramen and the height of the lesser
pelvis (defined as a line drawn from the lower sacroiliac joint to the upper border of the obturator
foramen), as these distances change inversely with changes in pelvic tilt [22]. These ratios were
estimated using an exponential formula calculated from simulated AP pelvic radiographs with pelvic
tilt ranging from +15° to -15°. This method yielded an accuracy within 3.9°, and the authors concluded
that it was a suitable method for estimating pelvic tilt in daily clinical routine. However, the results of
our study refute prior claims that pelvic tilt can be estimated on AP radiographs alone. In our study, the
hip surgeons were able to predict APPt correctly in only 50% of cases, no more than a random flip of
the coin. As such, the authors of the present study do not recommend that only a single AP radiograph
be used in the preoperative workup of a patient undergoing THA, particularly in patients with possible
spinal stiffness or deformity.
Although lateral radiographs are considered to be the gold standard modality for assessing APPt in
patients undergoing THA, hip surgeons have been accustomed to assessing the acetabulum in a coronal
plane using AP radiographs [1]. Traditional component positioning and postoperative assessment of
THA has been based on coronal safe zones determined in the supine position [23]. However, the
“Lewinnek safe zone”, defined in the supine position, may not be applicable to patients in a functional,
standing position due to the effects of pelvic tilt [1]. As a consequence, the concept of spinopelvic
mobility and the use of lateral radiographs to assess sagittal motion of the hip have gained much
attention since they were first described a decade ago [7,13,24]. Lazennec et al. performed pre- and
post-operative standing EOS scans in 66 THA recipients and determined that, compared to the position
of implants in the supine position, most acetabular and femoral components reside outside of the safe
zone for patients in the standing position [25]. Recently, Pierrepont and colleagues characterized the
variations in functional pelvic tilt between the supine, flexed-seated, and standing positions using lateral
radiographs [26]. In a review of 4,042 consecutive patients undergoing THA, Langston et al. found that
predictable spinopelvic mobility characteristics using lateral radiographs were correlated with increased
risk of dislocation during certain motions postoperatively [27]. Their data underscores the importance
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of functional pelvic positioning and pelvic tilt during preoperative consultation for THA. Given this,
the addition of lateral functional radiographs in the standing, sitting, and supine positions has been
proposed as a critical tool for investigating spinopelvic mobility and functional pelvic positioning in
THA candidates [1,4,6,28]. However, our study demonstrates that nearly 50% of hip surgeons are not
familiar with spinopelvic mobility concepts and that roughly 40% of them do not include it in their
preoperative workup. As the understanding of the hip-spine-pelvis relationship continues to grow, hip
surgeons must continue to adapt, familiarize themselves with, and incorporate these concepts into their
everyday practice.
Our study is not without limitations. First, this study was a subjective survey of hip surgeons with
varying levels of experience with spinopelvic mobility. This may have led to some reporting bias and
discrepancies in the accuracy of answers. However, the surveys were anonymous which may have led
surgeons to answer more truthfully. Moreover, estimating APPt was limited to three answer choices
that the surgeon could not inherently bias.
In our study, the use of AP radiographs alone for determining APPt was purposefully done to depict
the lack of knowledge of spinopelvic interplay and was a key focus of the study. Furthermore, by
limiting the use of lateral radiographs to serve only as controls against which the surgeon AP
radiographic responses were compared further drives home the point that a single AP radiograph is an
unacceptable method of determining APPt. The second limitation of our study includes a relatively
small number of a participants and lower power which may underestimate the presence of true
differences between surgeons and their ability to predict pelvic tilt with regards to differing annual case
volumes, and ranges of familiarity and experience using spinopelvic mobility principles in THA.
Despite these limitations, the low predictive accuracy, and poor levels of reported familiarity and
utilization of spinopelvic principles in THA provide insight into the underappreciation of the topic.
Furthermore, our power analysis yielded a sample size of 38 when using previously reported predictive
accuracies of pelvic tilt using only AP radiographs. Future, large-scale, higher powered studies are
needed to determine the ability of hip surgeons to accurately predict pelvic tilt in multiple radiographic
planes, as well as any correlating factors which may influence this accuracy.
Our findings suggest that hip surgeons cannot accurately predict pelvic tilt based on AP radiographs
alone. Given that many surgeons do not obtain lateral pelvic radiographs, the results of our study may
describe a simple solution to decrease improper component positioning. Our findings also suggest that
spinopelvic mobility and its role in THA may be underappreciated by many hip surgeons. Given the
significant impact of coexisting hip-spine disease on THA outcomes, increased efforts are needed to
promote the appreciation of this relevant topic in THA.
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