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Pelvic Incidence Can Be Changed not only by Age
and Sex, but also by Posture Used during Imaging

Objective: Computed tomography (CT), rather than conventional 2-dimensional radiography,
was used to scan and measure pelvic parameters. The results were compared with measurements
using X-ray.

Methods: Pelvic parameters were measured using both CT and X-ray in 254 patients who
underwent both abdomino-pelvic CT and X-ray at the pelvic site. We assessed the similarity
of the pelvic parameters between the 2 exams, as well as the correlations of pelvic parameters
with sex and age.

Results: The mean values of the subjects’ pelvic parameters measured on X-ray were: sacral
slope (SS), 31.6°; pelvic tilt (PT), 18.6°; and pelvic incidence (PI), 50.2°. The mean values meas-
ured on CT were: SS, 35.1°; PT, 11.9°%; and PI, 47.0°. PT was found to be 4.07° higher on
X-ray and 2.98° higher on CT in women, with these differences being statistically significant
(p<0.001, p<0.001). Pl was 4.10° higher on X-ray and 2.78° higher on CT in women, with
these differences also being statistically significant (p<0.001, p=0.009). We also observed a
correlation between age and PI. For men, this correlation coefficient was 0.199 measured using
X-ray and 0.184 measured using CT. For women, this correlation coefficient was 0.423 measured
using X-ray and 0.372 measured using CT.

Conclusion: When measured using CT compared to X-ray, SS increased by 3.5°, PT decreased
by 6.7°, and Pl decreased by 3.2°. There were also statistically significant differences in PT
and Pl between male and female subjects, while Pl was found to increase with age.

Key Words: Pelvic incidence, Posture, Age factors, Sex factors, Sagittal imbalance

onstrated an association between age and PI in
2010, additional studies have reported an asso-
ciation between PI and age. Meanwhile, other
studies have documented an association between
PI and sex, which were previously thought to
be unassociated™”*®. Although it is generally

INTRODUCTION

Sagittal spinal morphology is different in each
individual. Such differences in anatomical struc-
ture have been studied by During et al.”, who

studied lower back system, lumbar lordosis,
and pelvic parameters. Later, the concept of
pelvic incidence (PI) was established by Duval-
Beaupere et al."’ and Legaye et al.*?, after which
numerous studies have been conducted.

PI, the sum of pelvic tilt (PT), and sacral slope
(SS), are some of the pelvic parameters most
commonly used. Among these, PI is known to
not change during lifetime after bone growth.
Although it has no association with sex or age,
it has been reported to be associated with anato-
mical changes caused by spinal disease'"*****".,
There have been a number of studies on the
association between spinal disease and pelvic
parameters. These studies have shown that cor-
recting sagittal balance in consideration of pel-
vic parameters leads to good prognosis during
surgical treatment of spinal deformity”**7"%%,
However, after Mendoza-Lattes et al.”” dem-

perceived that the association between age and
PI is a result of PI changes caused by sagittal
imbalance or an increase in sacral-femoral dis-
tance following aging, inaccurate measurements
using 2-dimensional (2D) radiographic images
may also contribute to such observed changes.
This imaging method has been the measure-
ment standard of pelvic parameters since 1985,
which was when the concept of pelvic parame-
ters was first introduced™**®. In cases imaged
using 2D radiography, it is difficult to verify 2
femoral heads due to the projective nature of
X-ray images’®. Recently, studies that involve
PI measurement using computed tomography
(CT) have been reported, but they are still insu-
fficiently characterized in relation to previous
measuring modalities™””. In this study, we
measured pelvic parameters using CT, which
is widely performed in the spine-pelvic area,
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and directly compared them with pelvic parameters measured
by X-ray to determine their correlation.

MATERIALS AND METHODS

1. Subjects

Subjects who provided written informed consent were enrolled
from Inha University Hospital and underwent both abdomino-
pelvic CT and X-ray of the pelvic region from January 2011
to December 2015. We then compared the CT and X-ray meas-
urements from the same subjects. The subjects were not excluded
due to the presence of any disease at this point in the study.
A total of 474 subjects were examined. There were many cases
in which subjects underwent multiple examinations since we in-
cluded all examinations conducted over the preceding 5 years.
In such cases, we included subjects who experienced a short gap
between the time of CT and X-ray examinations. In contrast,
to minimize the reduction of data values caused by a large gap
between the time of CT and X-ray examinations, 97 subjects
whose gap bet- ween studies was longer than 1 year between
the time of CT and X-ray examinations were excluded. In addi-
tion, 123 subjects who had undergone spine surgery in the lum-
bar-sacral region, pelvis surgery, or femur surgery were addition-
ally excluded. Hence, a total of 254 subjects (126 male and 128
female subjects) were included in this study.

2. Measurement of Pelvic Parameters

All radiological examinations were conducted in subjects ac-
cording to a general examination procedure. All X-ray imaging
was conducted in a standing position and all CT imaging was
conducted in a supine position.

Pelvic parameters were measured using Maroview picture ar-
chiving communications system (PACS). Using the PI angle meas-
urement tool included in PACS, we sought to obtain more accu-
rate measurements. Then, pelvic parameter was determined by
2 different observers in an effort to reduce estimation error.
The measured value of two observers’ intraclass correlation co-
efficient was statistically significant as it was 0.919 and the aver-
age value of the 2 measured value was used as the data for this
study. In the X-ray, both femur heads were determined and pel-
vic parameters were measured using the PI angle measurement
tool. In this study, the following method including PI value based
on CT scan was used due to the fact that there was no software
to perform 3-dimensional image reformation which Vrtovec et
al.” have used. The left femur head was first determined using
the sagittal image and the center of the femur was found. The
right femur head was then identified, while the center of the
femur was identified in the same way. Then, the position of the
center of each femur was marked on the midline image of the
spine to obtain the accurate center point of the femur head, and
pelvic parameters were measured at this state using the PI angle
measurement tool (Fig. 1).
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3. Statistical Analysis

The association between the examination method and the sex
of subjects was analyzed and reported according to the mean
and standard deviation. IBM SPSS ver. 18.0 (IBM Co., Armonk,
NY, USA) was used for statistical analysis. The correlation bet-
ween pelvic parameters from each examination method was ana-
lyzed using a paired t-test, and the correlation between pelvic
parameters from male and female subjects was analyzed using
an independent samples t-test. The correlation between age and
PI was analyzed using a linear regression analysis and checked
Pearson correlation coefficient, while p<0.05 was assumed to
indicate statistical significance in all measurements.

RESULTS

1. Subjects

The mean age of the 254 subjects was 61.3%+14.7 years (range,
18-92 years). The mean age of the 126 male subjects was 62.3%
13.9 years (20-92 years), and the mean age of the 128 female
subjects was 60.7+15.6 years (18—-88 years). The difference in
age according to sex was not statistically significant (p=0.293).

2. Results of Pelvic Parameters

The mean pelvic parameters of all subjects measured on X-ray

Fig. 1. Measurements were obtained from the computed tomograhic
image using the pelvic incidence angle tool of picture archiving
communications system (PACS). (A) The left femur center was iden-
tified. (B) The right femur center was identified. (C) Both femur
centers were marked on the midline. (D) Pelvic parameters were
measured using the pelvic incidence angle measurement tool. (E)
The pelvic incidence angle measurement tool button provided by
PACS.
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were SS 31.6°+7.4°, PT 18.6°+7.7°, and PI 50.2°+9.0°, while
the mean pelvic parameters measured on CT were SS 35.1°+6.7°,
PT 11.9°+5.7°, and PI 47.0°+8.5°. When the measurements from
X-ray and CT were compared, the mean PT was 6.7° smaller,
the mean SS was 3.5° larger, and the mean PI was 3.2° smaller
in CT, and these differences were statistically significant (p<
0.001) (Table 1). The difference in pelvic parameters according
to the examination method was statistically significant regardless
of sex (p<0.001).

When pelvic parameters were compared between male and
female subjects, there was no statistically significant difference
in SS when it was examined by X-ray and CT (p=0.967, p=0.814)
(Table 2). However, PT was 4.07° larger in female subjects when
examined using X-ray and 2.98° larger when examined using
CT, and these differences were statistically significant (p<0.001,
p<0.001). PI was 4.10° larger in females when examined using
X-ray and 2.78° larger when examined using CT, and these dif-
ferences were also statistically significant (p<0.001, p=0.009).

Pelvic parameters according to age were measured. The results
indicated an association in which PI increased with age (Fig. 2).
Such association between age and PI was statistically significant
regardless of X-ray or CT, and the association was observed in
both male and female subjects, subjects. In males, this correlation
coefficient was 0.199 when measured using X-ray (p=0.025) and
0.184 when measured using CT (p=0.039). In female subjects,
the correlation coefficient was 0.423 when measured using X-ray
(p<0.001) and 0.372 when measured using CT (p<0.001).

DISCUSSION

Sagittal balance is affected by the spine and anatomical struc-
tures around the pelvis'”. When sagittal imbalance occurs lo-
cally, it can be resolved by correction through compensation in
the spine itself. However, when such compensation reaches its
limit, the pelvis, hip joint, and knee joint are involved in com-
pensation™”. Therefore, several attempts have been made to de-
velop an index that demonstrates the association between the
spine and pelvis, with PI being the most commonly used among
them. The importance of this index is evidenced by its clinical
use for determining the prognosis of spinal lesions™*. To
improve the accuracy of measuring, Vrtovec et al.”” reported PI
measurements analyzed by CT from 370 healthy patients in 2012,
while Jentzsch et al.'?, in a PI study, reported the results obta-
ined from CT scans of 620 subjects in 2013. These studies by
Vrtovec et al.”” and Jentzch et al.'® used CT instead of previous
data based on plain X-ray. Vrtovec et al.”” indicated that the
mean PI of 189 male subjects was 46.6°+9.2°, the mean PI of
181 female subjects was 47.6°+10.7°, and the mean PI of all
370 subjects (mean age, 41.5+20.1 years) was 47.1°+10.0°. In
a study by Jentzsch et al.'®, the mean PI of 403 male subjects
(mean age, 43.0 years) was 51.1°, the mean PI of 193 female
subjects was 50.3° and the mean PI of all 596 subjects was 50.8°.
When compared to measurements from our study (mean PI of
45.6°%7.3° in male subjects, mean PI of 48.4°+9.4° in female sub-
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Table 1. Difference of pelvic parameters between X-ray and CT

Difference

Mean+SD (X-ray value - CT value) p-value

Pelvic parameter

All (254 cases)

SS by Xeray () 31.6+7.4

SS by CT () 35.1+6.7 -3.5 <0.0001
PT by Xeray ()  18.6%7.7

PT by CT () 11.9+5.7 6.7 <0.0001
PI by X-ray () 50.2+9.0

PI by CT () 47.0+8.5 3.2 <0.0001

Male (126 cases)

SS by Xeray () 31.6%7.0 iy .
SS by CT () 35.2+6.3

PT by X-ray ()  16.6%6.8 s .
PT by CT () 10.4+5.3

PI by X-ray ()  48.1x7.0 y .
PI by CT () 45.6+7.3

Female (128 cases)

SS by Xeray () 31.6x7.7

SS by CT () 35.0+7.0 -3:4 <0.0001
PT by Xeray ()  20.6%8.1

PT by CT () 13.4%5.7 7.3 <0.0001
PI by X-ray ()  52.2+10.3

PI by CT () 48.429.4 3.9 <0.0001

CT, computed tomography; SD, standard deviation; SS, sacral slope;
PT, pelvic tilt; PI, pelvic incidence.

Table 2. Difference of pelvic parameters for sex

Pelvic parameter Mean+SD (Male valﬁiif?rfiréclzle value) p-value
SS by X-ray (°)

Male 31.6x7.0

Female 31.6%7.7 0.04 <0.967
$S by CT ()

Male 35.2+6.3 0.20 <0814

Female 35.0£7.0
PT by X-ray (°)

Male 16.6+6.8

Female 20.68.1 407 <0.0001
PT by CT ()

Male 10.4=5.3

Female 13.4%5.7 298 <0:0001
PI by X-ray (°)

Male 48.1+7.0

Female 52.2+10.3 410 <0.0001
PI by CT ()

Male 45.6x7.3 278 <0.009

Female 48.4+9.4

SD, standard deviation; SS, sacral slope; CT, computed tomography;
PT, pelvic tilt; PI, pelvic incidence.
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jects, and mean PI of 47.0°+8.5° in all subjects) our study results
were found to be similar to those of the study by Vrtovec et
al.* Furthermore, the overall mean PI was 3.8° lower than the
results reported by Jentzsch et al.'®. However, this observation
that the mean PI values were similar or only slightly lower than
those of the previous studies, despite the mean age of subjects
in this study being approximately 20 years older, contradicts
our finding that age is associated with PI. The fact that our
mean PI values were smaller than the measurements from study
of Jentzsch et al.'”, even though the subjects of our study are

older, is particularly interesting, and it raises a question whether
this is due to different results affected by race, which is another
factor in addition to age and gender. Notably, we believe that
the difference in the anatomical structure or living habits of
Asians and Caucasians resulted in the differences in mean PI.
Although there have been no studies designed to analyze the
association between race and PI, the observation that mean Pls
measured from Asians are generally lower than mean Pls meas-
ured from Caucasians requires further investigation (Table
)AL Moreover, a direct comparison could not
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Fig. 2. Correlation between age and pelvic incidence (PI) was analyzed using linear regression analysis.

CT, computed tomography.

Table 3. Difference of pelvic incidence (PI) for race

Race Country Year No.* Age (yr) T PIC)T Reference

Caucasians France 2002 100 26.5+4.0 51.7+11.5 Vaz et al.*®
Canada 2004 160 25.7+4.4 51.8+5.3 Labelle et al.””
France 2005 160 27.0 51.9+10.7 Roussouly et al.’”
France 2006 149 30.8+6.0 53.1%9.0 Boulay et al.”
Belgium 2007 145 40.7+18.7 50.2+10.6 Legaye™
France 2007 154 27.0+8.0 52.0%10.7 Barrey et al.”)
France 2005 300 35.4%12.0 54.7%10.6 Vialle et al.””

Asians Korea 2010 166 21.8%1.3 46.4x7.7 Ahn et al.”
Korea 2011 132 64.1+6.3 48.4+8.6 Kang et al."”
Japan 2011 425 43.8+13.9 46.7+8.7 Kanemura et al.'®
Korea 2012 117 27.5 47.8+8.7 Lee et al.?V
Japan 2014 86 35.9+11.1 46.7+8.9 Endo et al.”?
China 2016 272 23.2+4.4 46.4+9.6 Hu et al."?

*Number of subjects. 'Mean=standard deviation.
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Reference Year No.* Age (yr) T PIO)T SS(O)T PT ()7 Description
Vaz et al.*® 2002 100 26.5+4.0 51.7+11.5 39.4+9.3 12.3+5.9 -
Labelle et al.*” 2004 160 25.7+4.4 51.8+5.3 39.7+4.1 12.1+3.2 -
Roussouly et al.* 2005 160 27.0 51.9+10.7 40.0+8.2 12.0+6.5 -
Boulay et al.” 2006 149 30.8+6.0 53.1+9.0 42.0+7.0 12.0+6.4 -
Legaye™ 2007 145 40.7+18.7 50.2+10.6 38.8+6.6 11.5%5.9 -
Barrey et al.”) 2007 154 27.0+8.0 52.0+10.7 40.0+8.2 12.0+6.5 -
Vialle et al.*” 2005 300 35.4+12.0 54.7+10.6 41.2+8.4 13.2+61 -
Vialle et al.*” 2005 190 - 53.0+10.6 41.0+8.5 13.0+6.0 Males
Vialle et al.”” 2005 110 - 56.0+10.0 43.2+8.4 13.6+6.0 Females
Mac-Thiong et al.”” 2010 354 37.9+14.7 52.7+10.0 39.8+7.9 12.7+7.0 Males
Mac-Thiong et al.” 2010 355 37.7+13.9 52.4+10.8 39.3+8.0 13.4+6.7 Females

PI, pelvic incidence; SS, sacral slope; PT, pelvic tilt.
*Number of subjects. 'Mean=standard deviation.

be made with our study results due to the lack of reports on
PT or SS measured from CT.

Numerous studies have reported the mean PIs measured by
X-ray over the preceding 30 years. Among them, 8 studies meas-
ured pelvic parameters in more than 100 normal subjects in addi-
tion to abnormally balanced people (Table 4)>"**>%>*7 The
lowest mean PI in these subjects was 50.2°+10.6°, which was
reported by Legaye et al.””, and the highest mean PI was 54.7°+
10.6°, which was reported by Vialle et al.””. Although the meas-
urements from these previous studies were not too different from
50.2°+9.0°, as measured in our study, the authors in these studies
presented the lowest mean PI values across various studies that
were conducted using a method similar to CT in Western coun-
tries™”. These results are likely to be affected by race, as descri-
bed above. Furthermore, the mean SS and PT measured from
X-ray were 31.6°+7.4° and 18.6°%+7.7°, respectively, which were
different from previously reported mean SS and PT in healthy
subjects (i.e., the mean SS was 38.8°-42.0° and the mean PT was
11.5°-13.2°). The SS value was 8° smaller and the mean PT was
6° larger. This difference in pelvic parameter was likely due to race.

Initially, pelvic parameters were thought to be unchanged be-
tween standing and the supine position; however, our results
indicate that PI is increased by 3.2° SS is decreased by 3.5° and
PT is increased by 6.7° upon standing compared to the supine
position using X-ray imaging in the standing position and CT
in the supine position. This is similar to the results obtained by
Eddine et al."”, who reported that the PI increased by 3.2°, SS
decreased by 4.0°, and PT increased by 6.2° when standing and
supine positions were compared. The fact that similar results were
obtained in the study by Eddine et al."”” when X-ray examination
was also used in the supine position suggests that X-ray or CT
examination itself does not affect the measurements and only
the differences from posture were reflected in the results. The
variability of measuring PI from X-ray was already reported to
be between 3°-6°'". Since we found that the difference between
X-ray and CT PI values is 3.2°, we are unable to draw definitive
conclusions. Therefore, more definitive findings can be obtained
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if the PI value according to the posture change is measured only
by CT. However, in this study, we wanted to determine whether
there was a difference between pelvic parameters measured by
X-ray and pelvic parameters measured by CT on the same sub-
jects. Therefore, there are limitations in the study. In conclusion,
pelvic parameters on X-ray and CT were statistically significant
for the same subjects.

Our study revealed that mean PT and PI values can be statisti-
cally significantly different according to sex. When examined
through X-ray, the mean PT was larger by 4.07° and the mean
PI was larger by 4.10° in female subjects. Additionally, when
examined through CT, the mean PT was larger by 2.98° and
the mean PI was larger by 2.78° in female subjects. There was
no statistically significant difference in mean SS between male
and female subjects. In fact, the association between sex and
PI is controversial; however, studies reporting the association
between sex and PI have argued that the correlation between
female subjects and PI is stronger than the correlation between
male subjects and PI. Furthermore, our study also showed that
the correlation between female subjects and PI was stronger™”.
If our finding of an association between sex and PI is accurate,
our study additionally revealed that the factor affecting PI is
PT. The difference in PT and PI by sex can be explained by the
difference in pelvic structure in male and female subjects, which
should be further investigated in future studies.

Another finding revealed by this study is that the increase
in age is associated with the increase in PI. According to report
of Vrtovec et al.™, aging extends PI by increasing the sacral-fem-
oral distance and consequently causing changes in pelvic mor-
phology. For this reason, an increase in PT leads to an increase
in PL. Meanwhile, a study by Jentzsch et al.' reported no assodi-
ation between age and PI. The results of this study have verified
the correlation between aging and increase in PL just as it was
verified in the study by Vrtovec. Furthermore, the authors also
observed the same result that an increase in PT affects an increase
in P In addition, it was found that a correlation between age
and PI was statistically significant regardless of sex. Such associa-
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tion between age and PI was statistically significant regardless
of X-ray or CT.

This study is limited by the duration of time between that
passed between the CT and X-ray examinations. CT and X-ray
were performed simultaneously in only 31 subjects. In order to
increase the number of subjects, we included subjects whose gap
between studies was shorter than 1 year between the time of
CT and X-ray examinations. Moreover, as this is a retrospective
study of medical records of patients who visited our hospital,
Berkson’s bias might also have interfered with the result.

CONCLUSION

In this study, pelvic parameters were measured from the same
subjects using X-ray and CT. Then, the correlation between pel-
vic parameters according to examination method was directly
compared. In addition, pelvic parameters according to changes
in posture were also analyzed. SS was larger by 3.5°, PT was
smaller by 6.7°, and PI was smaller by 3.2° when the parameters
were measured using CT rather than X-ray. This change in pelvic
parameters is likely due to the change from standing position
to supine position used for this study. Furthermore, female sub-
jects exhibit a higher PI than do males, which was statistically
significant.

Furthermore, our results indicated an association between age
and PI through linear regression analysis. This association was
observed using both X-ray and CT examinations as well as in
both male and female subjects; however, the correlation was
stronger in female subjects.
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