European Spine Journal (2022) 31:241-247
https://doi.org/10.1007/500586-021-07024-7

ORIGINAL ARTICLE q

Check for
updates

Comparison of pelvic incidence measurement using lateral x-ray,
standard ct versus ct with 3d reconstruction

Carol M. Lee' - Raymond W. Liu’

Received: 15 July 2020 / Revised: 5 September 2021 / Accepted: 8 October 2021 / Published online: 6 November 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

Purpose Pelvic incidence (PI) is a position independent parameter used to quantify spinopelvic sagittal balance. PI is gener-
ally measured on lateral radiographs, but more recent studies have suggested better accuracy with standard CT scans versus
three-dimensional (3D) CT scans. This study compares PI obtained from lateral XR, standard CT scan and CT scan with
3D reconstruction.

Methods A total of 77 subjects with lateral XRs of the pelvis or lumbosacral spine and CT scans of the pelvis were randomly
selected. Pelvic incidence on lateral XRs, standard CT scans and CT scans utilizing multiplanar reconstruction were measured
and compared using intraclass correlation coefficients (ICC). PI was also measured on serial images in 28 individuals using
the same imaging modality within 3 years and evaluated using ICC.

Results Mean + SD of PI measurements on XR, standard CT and CT with 3D reconstruction were 56° + 13°, 53° + 12° and
53° 4+ 12°, respectively, demonstrating a small but significant elevation of PI measurement on XR (P <0.001). ICC values
demonstrated a higher correlation between standard CT and 3D CT (ICC 0.986), compared to XR and standard CT (ICC
0.934) and XR and 3D CT (ICC 0.937). PI measurements on repeated imaging of the same individual also demonstrated
that both CT methods produced more consistent measurements (ICC 0.986 for standard CT, 0.981 for 3D CT, 0.935 for XR).
Conclusion Although standard XR does provide a high level of reliability, it appears to slightly overestimate PI. CT scans
do provide increased reliability, with no additional benefit of 3D reconstructions over standard CT.

Keywords Pelvic incidence - Sagittal spinal balance - Spinopelvic balance - Diagnostic imaging

Introduction

Pelvic incidence (PI) is a key parameter for assessing sagit-
tal spinopelvic balance. Most parameters measuring pelvic
sagittal balance, such as sacral slope and pelvic tilt, are posi-
tional parameters, which must be evaluated in a standing
position. However, PI has the advantage of being an ana-
tomical parameter that is independent of patient position
and posture. PI is defined as the angle between the line con-
necting the midpoint of the sacral endplate to bicoxofemo-
ral axis (the axis passing through the left and right femoral
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heads) and the line perpendicular to the sacral endplate [1].
Elevated PI is associated with development and progression
of isthmic spondylolisthesis [2—4], adolescent idiopathic
scoliosis [5], degenerative spondylolisthesis [6, 7] and facet
arthritis [8]. In addition to the involvement in spinal patholo-
gies, PI is also considered to be an important parameter in
preoperative planning and has been shown to be associated
with clinical outcome of several spine surgeries including
posterior intervertebral fusion for isthmic spondylolisthesis
[9] and surgical correction of scoliosis/kyphosis [10, 11]. In
regard to the hips, PI has been associated with cam and pin-
cer type femoroacetabular impingement [12, 13], SCFE and
retroversion deformities [14, 15] and hip osteoarthritis [16].

PI was first introduced by Duval-Beaupere et al. in 1992
and was measured on a true lateral spine radiograph [17].
To measure PI, a large number of steps have to be performed
to identify anatomic landmarks including the center of the
femoral heads and the sacral endplate, which leads to a high
degree of variability. PI has been shown to have the lowest

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00586-021-07024-7&domain=pdf

242

European Spine Journal (2022) 31:241-247

ICC scores out of all pelvic parameters (including sacral
slope, thoracic kyphosis, sagittal vertical axis and pelvic tilt)
measured on full spine radiographs [18].

Due to this variability, there has been investigation into
measuring PI using CT scans and CT 3D reconstructions
[11, 19, 20]. In a study comparing PI measurement among
full spine standing radiographs, standing radiographs of the
pelvis and standard CT scans, the intra- and interobserver
reliability rates were 0.84 and 0.79 for whole spine radio-
graphs, and 0.98 and 0.97 for pelvis standing radiographs.
The correlation coefficient was 0.81 between full spine
radiograph and CT and 0.95 for pelvis radiograph and CT,
suggesting that full spine PI is comparatively less accurate
[11]. The reliability of measuring pelvic incidence on CT
with 3D reconstruction is considered high, with an ICC of
0.95 according to Vrotec et al. [20]. Chen et al. created 3D
reconstructed pelvic models using in house software, which
had similarly high intra- and interobserver reliability rates
of 0.96 and 0.98, compared to 0.86 and 0.90 when PI was
measured from full spine radiographs [19].

To the best of our knowledge, no previous study has
directly compared PI measurements across all three modali-
ties of XR, CT and 3D CT, and, in particular, standard CT
scans have not been compared to 3D CT. This has important
relevance because of the extra steps and learning curve nec-
essary to perform a 3D reconstruction and measurement.
The objective of this study is to compare the reliability of
measuring PI across these three modalities.

Materials and methods
Subjects

Institutional review board approval was obtained. Patients
over 18 years old with imaging between 1/1/2011 and
12/31/2019 were randomly selected from our PACS sys-
tem. Sixty-two patients had both a lateral XR of either the
sacrum/coccyx or lumbar spine, as well as CT scan of the
abdomen/pelvis or the pelvis alone. In order to obtain 28
patients each with at repeated XR and CT imaging, we used
15 additional patients, for a total of 77 patients. Images with-
out adequate visualization of the femoral heads and sacral
endplate were excluded. Patients with XR and CT images
greater than 3 years apart from each other were excluded.
XRs with femoral heads that were not at least partially over-
lapping were excluded, as larger amounts of axial rotation of
the image can introduce some inaccuracy [21].

Measurements

To measure PI on lateral XRs, a line was drawn between
the centers of the two femoral heads. A line was then drawn
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Fig. 1 PI measured on lateral radiograph. The centers of the femo-
ral heads are marked, and a line from their midpoint is drawn to the
center of the sacral endplate. A second line is drawn orthogonal to the
sacral endplate. The angle between the two lines is pelvic incidence

between the center of the sacral endplate and the midpoint
of the two femoral heads. PI was measured as the angle
between this second line and the line orthogonal to the sacral
endplate (Fig. 1). To measure PI on standard CT scans, sagit-
tal cuts were utilized and circles were drawn to fit each fem-
oral head on separate cuts. The midpoint of each circle was
marked and a line was drawn connecting these two points.
The midpoint of this line was then marked on the sagittal
cut which incorporated the center of the sacrum. A line was
drawn from the midpoint of the femoral heads and the center
of the sacral endplate. PI was measured between this line
and the line orthogonal to the sacral endplate (Fig. 2). To
measure PI using CT 3D reconstructions, the MPR (multi-
planar reconstruction) function in PACS was used to pro-
duce 3D projections from the 2D slices on standard CT.
First, circles were drawn around each femoral head (Fig. 3a).
The rotation of the x-, y- and z- axes was adjusted so that
the two femoral heads were lined up exactly from a sagittal
view (Fig. 3b). Using this method, the bicoxofemoral axis
remained orthogonal to the sagittal plane. With the outline
of the overlapping femoral heads present, the slab thickness
of the 3D reconstruction was then decreased to 0.5 mm to
visualize the center of the sacral endplate more accurately.
PI was measured as the angle between the line connecting
the previously marked femoral head centers to the center of
the sacrum and the line orthogonal to the sacral endplate
(Fig. 3¢).
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Fig.2 PI Measurement on
standard CT scan. The center of
the femoral heads are marked
on sagittal slices, and these
positions are translated onto the
image slice at the mid aspect of
the sacrum. The sacral endplate
is then well visualized and pel-
vic incidence is measured

Fig.3 PI measured on CT MPR
3D reconstruction. The femoral
heads are clearly identified a,
and then the entire image is
adjusted until the femoral heads
overlap b. The location of the
femoral heads are marked,

and a thin slab at the center

of the sacrum is used to better
visualize the sacral endplate and
complete the measurements of
pelvic incidence ¢

Statistics and measurement validation

A power analysis was performed to detect a 2° difference
between modalities, with a standard deviation of 10 degrees
based on preliminary data, an alpha=0.05 and beta=0.9.
G*Power test for ANOVA: repeated measures within factors,
using the default parameters other than those stated above,
produced a projected sample size of 55 [22]. ICC values were
calculated comparing different modalities (XR vs standard CT,
XR vs 3D CT and standard CT vs 3D CT) for the full set of 62
patients. A one-way repeated measures ANOVA analysis with
Bonferoni correction for the postop hoc tests was performed
in these 62 subjects to determine if there was any significant
difference among the mean PI measurements in XR vs stand-
ard CT vs 3D CT. To determine the reliability of PI measure-
ments across different time points within the same individual,
PI was also measured on serial images in 28 individuals with
two separate scans using the same imaging modality within
3 years of each other and evaluated using ICC. Of these 28
individuals, 13 were part of the original cohort of 62 subjects
and an additional 15 subjects were recruited.

To assess measurement reproducibility, two investigators
measured PI on XR, standard CT and 3D CT using a subset
of 22 subjects, and repeat measurements were made by the
primary measurer 3—6 weeks after initial measurement for this

Table 1 Intra- and interrater reliability based on a subset of 22 sub-
jects

Number Intrarater ICC Interrater ICC
X-Ray 22 0.970 0.954
Standard CT 22 0.981 0.963
3DCT 22 0.988 0.961

ICC intraclass correlation coefficient

subset. ICC was used to quantify intra- and interobserver reli-
ability for the PI measurements. Intra- and interrater reliability
were all in the excellent range (Table 1).

Results

The primary 62 subjects (mean age +SD between XR and
CT 60+ 20 years, range 21-96) consisted of 20 males and 42
females. PI measurements on XR, standard CT and CT with
3D reconstruction were 56°+13°, 53°+12° and 53°+12°,
respectively. Repeated measures ANOVA analysis on these
62 subjects showed on post hoc tests that mean PI on XR
was elevated compared to standard CT (p <0.001) as well
as 3D CT (p<0.001). However, there was no significant
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difference between the mean PI on standard CT and 3D CT
(p=0.283). The mean absolute difference between XR and
2DCT, XR and 3DCT and 2DCT and 3DCT were 3.7° (rang-
ing from 0 to 10°), 3.7° (ranging from 0.3 to 11°) and 1.6°
(ranging from 0.1 to 4.4°), respectively.

ICC values demonstrated higher correlation between
standard CT and 3D CT versus XR with either modal-
ity (Table 2, Fig. 4). Furthermore, ICC values calculated
between PI measurements on 28 cases of repeated imaging

Table2 ICCs between modalities based on primary 62 subjects
recruited

Number ICC 95% CI

XR vs standard CT 62 0.934 [0.721, 0.974]
XR vs 3D CT 62 0.937 [0.812, 0.972]
Standard CT vs 3D CT 62 0.986 [0.976, 0.991]

ICC intraclass correlation coefficient
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of the same individuals also demonstrated that the CT meth-
ods produce more reliable measurements (Table 3).

Discussion

This study found that there was a stronger correlation
between standard CT and 3D CT (ICC 0.986), with a slightly
lower albeit still relatively high correlation between XR and
standard CT (ICC 0.934) and XR and 3D CT (ICC 0.937).
While this demonstrates the strength of correlation between
modalities, there remains the question of which modality is
more valid. The difficulty in drawing definitive conclusions
about the validity is due to the lack of a clearly established
gold standard modality for measuring PI. Therefore, this
study also evaluated the consistency of serial PI measure-
ments within individual subjects using each modality. Two
separate images of the same modality taken within 3 years
found that standard CT and 3D CT were more reproduc-
ible on serial images (ICC of 0.986 and 0.981, respectively),
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Fig.4 Correlations and Pearson’s coefficients of PI measurements between different modalities
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Table 3 ICCs among repeated imaging of the same individual using
the same modality

n I1CC 95% CI
XR vs XR 28 0.935 [0.864, 0.969]
Standard CT vs Standard CT 28 0.986 [0.971, 0.994]
3DCT vs 3D CT 28 0.981 [0.959, 0.991]

ICC intraclass correlation coefficient

while XR had a relatively lower reproducibility rate (ICC of
0.935). The fact that the CT values matched better with each
other and consisted provided more reproducible results, as
well as their more anatomic nature, argue that standard CT
and 3D CT are more valid modalities for measuring PI.

Additionally, using a repeated measures ANOVA analy-
sis, this study determined that there was a slight elevation
in mean PI on XR (56° + 13°) when compared to the mean
PI on standard CT and 3D CT (53°+12° and 53°+12°),
which was statistically significant. In comparison, a study
by Yamada et al. compared PI measurements among 120
subjects who underwent full spine lateral standing XR, pel-
vis lateral standing XR and CT pelvis and reported mean PI
measurements of 55.8°+9.8°, 51.5°+9.4° and 50.6°+9.0°,
respectively [11]. They reported lower ICC reliability values
of measuring PI on the full spine XR compared to other
modalities, which was attributed to the large angle of the
radiograph’s projection to capture the full spine, causing dif-
ficulty in identifying landmarks such as the sacral endplate
and resulting in higher PI values. Also of note, in a study
measuring PI on 880 cadaveric specimens, the mean PI was
found to be 46.0° +11.0°, which is slightly lower than mean
reported values on most radiographic studies [23]. These
findings all suggest that measuring PI on XR may yield a
slightly higher value compared to the true anatomic PI, espe-
cially when capturing a wide projection angle.

Several reasons could explain why measuring PI on XR
could have reduced reliability compared to standard CT and
3D CT. In the previously mentioned study by Yamada et al.,
their results indicate that the error of measuring PI on XR
was primarily due to difficulty in precisely identifying the
sacral endplate, rather than the bicoxofemoral axis [11]. In
our reliability test subgroup of 22 subjects, PI measurements
differed by more than 3° on four radiographs, three of which
were found to have sacral endplates with obscured poste-
rior boundaries (Fig. 5). In several X-rays from the total 77
subjects, the projection of the XR beam from a more infe-
rior position causes the sacral endplate to become circular
in shape and more difficult to precisely delineate (Fig. 6a),
leading to a discrepancy in PI measurement on XR compared
to standard CT and 3D CT (Fig. 6b, c). In a study by Legaye
comparing reliability of measuring spinopelvic parameters,
including PI, in patients with and without dome-shaped

Fig.5 Sacral endplate with unclear posterior boundary due to degen-
erative changes

sacrum, there was a larger spread of values of PI in patients
with dome-shaped sacra compared to patients with a flat
sacral plate (standard deviation of 5.4 and 1.3, respectively),
likely due to ambiguity in evaluating the tilt of the sacral
endplate with dome-shaped sacra [24]. In another study by
Chen et al., the group reported that depending on whether
the sacral endplate was concave or convex side anteriorly, PI
measured on XR would be smaller or larger compared to CT,
respectively, due to the projectional nature of the XR [19].
CT imaging allows the user to measure the sacral endplate
at the midline sagittal slice, which avoids several issues by
excluding projections created from other components of the
sacrum. However, if irregularity of the sacral endplate still
persists at the midsagittal slice on CT, there still remains
some ambiguity in identification. For example, degenera-
tive changes leading to osteophytes or irregular S-shaped or
dome-shaped endplates still caused difficulty in precisely
identifying the sacral plate on both XR and CT in our study.

While a 3° difference when measuring PI has minimal
clinical implications on an individual basis, this differ-
ence has more substantial impact when used in a research
setting. Gebhart et al. reported the mean PI for hips with
a cam lesion versus normal hips was 43.1° versus 47.7°,
respectively (p=0.02) [12]. Another study investigating the
relationship between PI and facet joint arthritis reported a
median PI of 51.7° versus 49.8° in the highest and lowest
grade facet arthritis groups, respectively (p =0.07) [25].
These studies show that a small difference in PI within the
scale of a few degrees has been significantly correlated
with both spine and hip pathologies. The small differences
in these studies advocate for using an accurate modality to
measure PI, even when this accuracy is improved only by

@ Springer



246

European Spine Journal (2022) 31:241-247

Fig.6 PI measurements on a
XR, b standard CT, and ¢ CT
with 3D reconstruction for

the same individual. Potential
projectional issues from the
XR beam potentially cause the
sacral endplate to appear as an
ellipse rather than a straight
line, making it difficult to pre-
cisely annotate. This impreci-
sion leads to overestimation of
the PI when measured on XR,
compared to CT

a few degrees. There is also the question of time needed to
measure PI on each modality. Based on a timed measure-
ment of five random subjects within this study, the average
time to measure PI on XR, 2DCT and 3DCT is 128, 177
and 207 s, respectively. Note that although there is a learn-
ing curve associated with measuring PI among all modali-
ties, this curve is slightly steeper for 3DCT, and the times
recorded by the author were done after this initial period of
acclimation. Although CT is associated with an increase in
measuring time and increased radiation to the patient, these
factors could be justified by the increase in reliability that
CT offers when measuring PI in a research setting.

This study has several important limitations. As mentioned
previously, although measuring PI on XR has been extensively
described and routinely used, there is no absolute gold stand-
ard modality. Our study demonstrates a stronger correlation
between standard CT and 3D CT compared to with XR, as
well as slightly increased intra- and interobserver ICC rates
with standard CT and 3D CT and more reproducibility with
serial imaging in the same patients with standard CT and 3D
CT, all providing support for CT. Another limitation is the
female-to-male ratio (52 vs. 25). However, numerous studies
comparing PI among females and males have shown no signifi-
cant differences between the two groups [20, 22, 26]. Finally,
we did not insist on perfect lateral radiographic views of the
spine. There is some minor inaccuracy secondary to rotational
position, as the approximation of the center of two femoral
heads does introduce a small amount of mathematical error
[21]. This is a practical reality of using radiographs and thus
we felt it was reasonable to include radiographs with minor
rotation. However, we mitigated this effect by only includ-
ing images where the femoral heads had some overlap. The
relatively high ICC values for radiographs in this study may
be secondary to this inclusion criteria.
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Conclusion

In summary, this study showed that while XR still demon-
strated a high level of reliability for measuring pelvic inci-
dence, standard CT and CT with 3D reconstruction are both
more reliable methods. There was no clear improvement in
using 3D CT in place of standard CT. In addition, PI measure-
ments on XR were slightly elevated when compared to those
on standard CT and 3D CT. Overall, XR remains a reasonable
technique but has lower reliability than CT and may overes-
timate true PL.
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