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Background: In upright standing, spinopelvic mismatch is compensated by hip extension. However, few
studies have investigated the reciprocal relationship between the sagittal alignment of the hip joints and
spinopelvic mismatch during upright standing in humans. Our study aims to investigate (I) the relationship
between spinopelvic mismatch and hip extension and (II) whether insufficient hip extension against
spinopelvic mismatch, i.e., pelvic incidence (PI)-lumbar lordosis (LL), affects trunk inclination in upright
standing.

Methods: This study was a retrospective cross-sectional study. We included 398 consecutive female patients
treated for osteoporosis at our outpatient department between November 2017 and June 2022. Patients with
any of the following were excluded from the study: (I) those whose plain whole-spine radiographs did not
cover the femurs, (II) those with fractures in the vertebrae or lower extremities, (III) those with a history
of surgery of the spine or of the lower extremities, (IV) those with scoliosis with a Cobb angle >10° in the
anteroposterior radiograph, and (V) those with transitional vertebrae. Sixty-two patients were divided into
normal and malalignment groups based on their sagittal spinal alignment. The patients underwent plain
whole-spine radiography as a routine examination. A linear approximation between the pelvic femoral angle
(PFA), representing hip extension, and PI-LL was obtained in both groups. The optimal PFA of each patient
was obtained by substituting the PI-LL into the linear approximation of the normal group. The difference
between the optimal and measured PFA was defined as the APFA for each patient. The correlation between
the APFA and sagittal vertical axis (SVA) was evaluated in both groups.

Results: The PFA and PI-LL were correlated in both groups. The malalignment group had a significantly
greater APFA than the normal group. APFA was correlated with SVA only in the malalignment group.
Conclusions: The magnitude of the APFA indicated insufficient hip extension to compensate for the

spinopelvic mismatch during upright standing.
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Introduction

Humans stand upright with their lower limbs (ankles,
knees, and hips), pelvis, and spine (lumbar, thoracic, and
cervical) working in harmony with each other (1). Among
these segments of the human body, the relationship
between the pelvis and spine has been exhaustively
investigated, especially using spinopelvic parameters such
as pelvic incidence (PI) and lumbar lordosis (LL) (2,3).
There is no difference in PI based on gender, or if there
is, it is minor (4). It has been reported that LL is greater
in female than in male (5,6). An extent of discrepancy
between PI and LL, known as a spinopelvic mismatch, is
related to sagittal spinal malalignment and health-related
quality of life scores (2). As compensation for the reduction
in LL, the pelvis was retroverted. However, the pelvic tilt
(PT) to PI ratio shows no difference between males and
females, indicating that this compensatory mechanism
is the same across genders (4). The lumbar spine and
hip joints are linked; therefore, the pathology of the one
affecting the other is known as hip-spine syndrome (7).
However, few studies have investigated and discussed the
reciprocal relationship between the sagittal alignment of
the hip joints and spinopelvic mismatch during upright
standing in humans (8).

The sagittal alignment of the hip joints can be expressed
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Key findings

® The sagittal alignment of hip joints, expressed by pelvic femoral
angle (PFA), was correlated with spinopelvic mismatch.

* The optimal PFA was calculated based on the spinopelvic mismatch
of each patient, and the difference between optimal and actual
PFA was defined as APFA. The magnitude of the APFA indicates
the insufficiency of hip extension to compensate for spinopelvic
mismatch.

e The APFA correlated with sagittal vertical axis in patients with
spinal sagittal malalignment.

What is known and what is new?

e Spinopelvic mismatch is known to be an important driver for the
recruitment of compensatory mechanisms in the lower extremities.

e This is the first report to present the concept of an optimal
relationship between the spinopelvic mismatch and sagittal
alignment of hip joints.

What is the implication, and what should change now?

* The relationship between the sagittal alignment of the hip joints
and spinopelvic mismatch is closely related to upright standing in
humans.

© Journal of Spine Surgery. All rights reserved.

245

by the relationship between the pelvis and femur. The
most commonly used radiographic parameter is the angle
made by the pelvic axis, which is a line drawn from the
midpoint of the bilateral femoral head centers to the
midpoint of the sacral endplate and femoral shaft axis. This
pelvic axis is identical to that used to measure the PI and
the PT (Figure I). This parameter expressing the sagittal
alignment of the hip joints increases with hip extension
and decreases with hip flexion (8). In previous studies,
several names have been used to express this parameter,
such as pelvic femoral angle (PFA), sacrofemoral angle,
and pelvi-femoral angle (8-11). We adopted the term PFA
in this study.

Even among elderly patients with kyphosis, the degree
of anterior trunk inclination varies. While some exhibit
minimal anterior trunk inclination during walking, some
demonstrate a significant anterior trunk inclination (12).
Upright standing requires compensatory mechanisms of the
lower extremities against spinopelvic mismatch. In other
words, the spinopelvic mismatch is an important driver for
the recruitment of compensatory mechanisms in the lower
extremities (3). We then hypothesized that (I) spinopelvic
alignment is correlated with the sagittal alignment of the
hip joints, (II) there is an optimal PFA for each individual
standing upright, and it is calculated based on the PFA and
PI-LL, (IIT) the discrepancy between the optimal PFA and
actual PFA correlates with the extent of anterior trunk tilt in
patients with sagittal spinopelvic malalignment. We present
this article in accordance with the STROBE reporting
checklist (available at https://jss.amegroups.com/article/
view/10.21037/jss-23-145/rc).

Methods

This study is a retrospective, cross-sectional study utilizing
pre-existing radiological images. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by Institutional Review
Board of Tohoku University (No. 2022-1-912) and
informed consent was taken from all the patients.

Study population

Subjects capable of maintaining an upright stand posture
with healthier spine and lower extremity conditions were
chosen for the radiographic assessment of their sagittal
alignment, as described below. We included 398 consecutive
female patients treated for osteoporosis and underwent plain
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Figure 1 Definition of the PFA and PT. The PFA is defined as
the angle between a line drawn from the midpoint of the bilateral
femoral head center to the midpoint of the sacral endplate and the
proximal femoral shaft axis. The proximal femoral axis is drawn as
a line connecting the midpoints of the anterior-most and posterior-
most cortices of the proximal and distal portions of the femur (line
A). Line B is parallel to line A and passes through the center of the
femoral head. The PT is defined as the angle between the plumb
line and a line drawn from the midpoint of the bilateral femoral
head centers to the midpoint of the sacral endplate. PFA, pelvic
femoral angle; PT, pelvic tlt.

whole-spine radiography as a routine examination at our
outpatient department between November 2017 and June
2022. Patients with any of the following were excluded from
the study: (I) those whose plain whole-spine radiographs
did not cover the femurs, (I) those with fractures in the
vertebrae or lower extremities, (III) those with a history of
surgery of the spine or of the lower extremities, (IV) those
with scoliosis with a Cobb angle >10° in the anteroposterior
radiograph, and (V) those with transitional vertebrae.
Specifically, criteria (I), (III), and (IV) were established to
minimize biases impacting the spinal alignment, thereby
ensuring the selection of subjects with near-normal profiles.
As a result, a total of 62 patients were included in the study,
with a mean age of 60 years (Figure 2).
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Patients screened

(N=398)
Exclusion
¢ Inadequate X-rays (N=48)
* Fracture of spine or lower
extremities (N=185)
¢ Degenerative disease of spine
or lower extremities (N=100)
Y
N=65
Exclusion
>»| ¢ Cobb angle >10° (N=1)
* Transitional vertebra (N=2)
Y

Patients included in analysis
(N=62)

Figure 2 Flowchart of the participant selection. We screened
398 female patients who were treated for osteoporosis at our
department. We excluded the following patients: 48 whose plain
whole-spine radiographs did not cover the femurs, 185 with
fractures or fractures of the spine or lower extremities, 100 with
degenerative disease of the spine or lower extremities, one with
a Cobb angle >10° on the anteroposterior radiograph, and two
with transitional vertebra. Ultimately, 62 patients were included

in this study.

Radiographic evaluation

When obtaining the lateral view of the plain whole-spine
radiograph, the patients were instructed to stand naturally,
with their arms raised horizontally forward at approximately
30° of flexion at the shoulder (13). Spinopelvic parameters,
including the sagittal vertical axis (SVA), thoracic kyphosis
(TK) at T1-12, LL at L1-S1, PI, and PT, were measured
(Figure 3). PFA was defined as the angle between the line
drawn from the midpoint of the bilateral femoral head
center to the midpoint of the sacral endplate and the
proximal femoral shaft axis. The proximal femoral shaft axis
was drawn as a line connecting the midpoints of the most
anterior and posterior cortices of the proximal and distal
portions of the femurs (Figure I). These parameters were
compared between the normal and malalignment groups.
A spine surgeon with 19 years of experience and a hip
joint surgeon with 15 years of experience measured these
parameters twice. 1o prevent recall bias, each measurement
was randomly performed in more than one-month intervals.
As for the interclass correlation coefficients (ICCs) of each
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Figure 3 Measurement of spinopelvic parameters in the whole-
spine lateral radiograph. The following parameters were measured:
SVA (the distance between the plumb line passing through the
center of the C7 vertebra and posterior superior corner of the
sacral endplate), TK (the angle between the upper endplate of
T1 and lower endplate of T12), LL (the angle between the upper
endplate of L1 and the endplate of the sacrum), and PI (the angle
between a line perpendicular to the endplate of the sacrum and a
line drawn from the midpoint of the bilateral femoral head centers
to the midpoint of the sacral endplate), PT (the angle between
the plumb line and a line drawn from the midpoint of the bilateral
femoral head centers to the midpoint of the sacral endplate), PFA
(the angle between a line drawn from the midpoint of the bilateral
femoral head centers to the midpoint of the sacral endplate, and
the proximal femoral shaft axis). TK, thoracic kyphosis; LL,
lumbar lordosis; SVA, sagittal vertical axis; PI, pelvic incidence;

PT, pelvic tilt; PFA, pelvic femoral angle.

measured parameter, [ICC (1, 1)] and [ICC (2, 1)] were
calculated for intraobserver agreement and interobserver
agreement, respectively, using SPSS statistics (version 21.0;

IBM, Chicago, IL, USA). For interobserver agreement,
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the ICC (2, 1) was calculated in a round-robin manner
(2 measurements x 2 examiners = 4 combinations). The
values less than 0.5, between 0.5 and 0.75, between 0.75 and
0.9, and greater than 0.90 are indicative of poor, moderate,
good, and excellent reliability, respectively (14).

Patients were divided into two groups per the Scoliosis
Research Society-Schwab classification of adult spinal
deformity. The normal group comprised individuals
whose two sagittal spinopelvic modifiers were within the
normal range (PI-LL <10° and SVA <40 mm), and the
malalignment group comprised individuals whose any of
the two parameters was out of the normal range (PI-LL
>10° or SVA >40 mm) (15). The demographic data of the
spinopelvic parameters were compared, and the correlation
of spinopelvic parameters was investigated between the
groups. A linear correlation between the PFA and PI-LL
was calculated for the normal group.

Statistical analysis

The results were presented as average = standard deviation.
The average of four measurements (performed twice by
two examiners) was used for the analysis. The distribution
of demographic data, including PI-LL, was assessed for
normality using the Shapiro-Wilk test at the significance
level of P<0.05. For the comparison of the two groups, the
Student’s #-test and the Mann-Whitney U test were used
for parameters with normal and non-normal distributions,
respectively. For the assessment of correlation between two
variables, the Pearson coefficient and the Spearman’s rank
correlation were used for parameters with normal and non-
normal distributions, respectively. After confirming that the
distribution of PFA approximated a normal distribution using
a histogram, a linear correlation equation for PFA using PI-
LL was obtained from the data of the normal group. The
optimal PFA was defined as the value obtained by substituting
each patient’s PI-LL into the linear correlation equation.
Subsequently, the difference between the optimal PFA and
actual PFA measured in the same patient was calculated and
defined as APFA, as shown in the equation below.

APFA = optimal PFA —measured PFA [1]

The APFA was compared between groups using the
Student’s #-test. The correlation between APFA and SVA in
each group was assessed using Spearman’s rank correlation
coefficient. A post hoc power analysis was conducted for
the correlation coefficient. Statistical significance was set at
P<0.05, and analyses were performed using JMP Software
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Table 1 The interclass correlations coefficients of interobserver and intraobserver agreement

Interobserver agreement Intraovserver agreement

Variables  Ex.1—1stvs. Ex.1—2ndvs. Ex.1—1stvs. Ex.1—2ndvs. Average Ex. 1—1stvs. Ex.2—1stvs. Average
Ex. 2—1st Ex. 2—2nd Ex. 2—2nd Ex. 2—1st Ex. 1—2nd Ex. 2—2nd
SVA 0.98 0.98 0.99 0.99 0.99 0.98 0.99 0.99
PFA 0.92 0.9 0.89 0.92 0.91 0.94 0.9 0.92
Pl 0.9 0.83 0.83 0.87 0.86 0.88 0.86 0.87
PT 0.97 0.93 0.88 0.95 0.93 0.95 0.9 0.93
LL 0.84 0.89 0.86 0.9 0.87 0.87 0.95 0.91
TK 0.84 0.86 0.9 0.86 0.87 0.86 0.92 0.89

Ex., examiner; 1st, 1st inspection; 2nd, 2nd inspection; SVA, sagittal vertical axis; PFA, pelvic femoral angle; PI, pelvic incidence; PT,
pelvic tilt; LL, lumbar lordosis; TK, thoracic kyphosis.

Table 2 Demographic data

Variables All Normal group Malalignment group P value
Numbers of patients 62 43 19 -
Age (years) 60.9+11.4 58.5+11.1 66.4+10.3 0.01*
SVA (mm) 15.2+36.6 -0.3+19.3 42.2 (25.7, 66.9) <0.001*
PFA (°) 193.8+7.1 192.4+6.8 196.9+6.8 0.01*
PI(°) 53.1£9.2 51.8+7.7 56.1+11.5 0.09
PT (°) 18.4+7.7 15.8+5.8 24.3+8.1 <0.001*
LL (°) 49.1 (41.1,56.2) 52.0+8.5 38.8+12.9 <0.001*
PI-LL (°) 4.3 (-2.8,10.4) -0.2+6.5 17.5(10.8, 23.6) <0.001*
TK (%) 34.1+13.6 38.6+11.0 24.0+13.7 <0.001*

The values are indicated in n, mean + standard deviation and interquartile range: median (25-75 percentile) for normally and non-normally
distributed parameters, respectively. The comparison between two groups were performed using the Mann-Whitney U test for SVA and
PI-LL, and Student’s t-test for the rest of the parameters, respectively. *, statistical significance: P<0.05. SVA, sagittal vertical axis; PFA,
pelvic femoral angle; PI, pelvic incidence; PT, pelvic tilt; LL, lumbar lordosis; TK, thoracic kyphosis.

Version 16.2.0 (SAS Institute Japan, Tokyo, Japan).

Results
Intraobserver and Interobserver agreement

The ICCs [ICC (1, 1)] for the intraobserver agreement and
[ICC (2, 1)] for the interobserver agreement ranged from
0.86 to 0.99 and 0.83 to 0.99, respectively. The average of
the ICCs ranged from 0.86 to 0.99; therefore, the observer
agreement levels were “good” or “excellent” (Table 1) (14).

Spinopelvic parameters and PFA in normal and

malalignment groups

The normal and malalignment groups comprised

© Journal of Spine Surgery. All rights reserved.

43 patients with a mean age of 59 years (range, 33-80 years)
and 19 patients with a mean age of 66 years (range,
45-79 years), respectively. For the malalignment
group, SVA and PI-LL were found to be non-normally
distributed (P=0.01 and 0.049, respectively), while the rest
of the parameters were normally distributed. As for the
comparison between normal and malalignment groups, age,
SVA, PFA, PI and PT were significantly larger, and LL, PI-
LL and TK were significantly lower in malalignment group,
respectively, as shown in Table 2.

Correlation between PFA and spinopelvic parameters

The Pearson and Spearman’s rank correlation coefficients
for each parameter are listed in 7able 3. PI-LL correlated
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Table 3 Correlation between each parameter in each group
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Normal group

Malalignment group

Variables
SVA PFA PI PT LL

PI-LL TK  SVA PFA Pl PT LL  PI-LL  TK

SVA
Correlation coefficient - - - - -
P value - - - - -
PFA
Correlation coefficient 0.04 - - - -
P value 0.79 - - - _
Pl

Correlation coefficient -0.11  0.52 - - -

P value 0.47 <0.001* - - -
PT

Correlation coefficient 0.05  0.91 0.6 - -

P value 0.7 <0.001* <0.001* - -
LL

Correlation coefficient -0.06 0.06 0.68 0.1 -

P value 0.66 0.67 <0.001* 0.51 -
PI-LL

Correlation coefficient -0.04 0.53 0.29 0.58 -0.49

P value 0.77 <0.001* 0.051 <0.001* <0.001*

TK
Correlation coefficient  0.41 0.26 0.15 0.22 0.51

P value 0.005* 0.08 0.31 0.14 <0.001*

- - -032 - - - - - -
- - o018 - - - - - -
- - 004 075 - - - - -
- - 089 00002" - - - - -

- - 0.1 0.82 0.68
- - 0.68 <0.001* 0.001*

- -  -0.2 0.26 056 0.06

- - 0.42 0.27 0.01* 0.79

- - 0.29 0.47 0.37 077 -0.42 - -
- 0.22 0.046* 0.11 <0.001* 0.07 - -

-0.48 -0.004 -0.46 -0.39 -0.42 0.05 -0.45 -

0.001* 0.99 0.047* 0.09 0.06 0.82 0.053 <0.001*

The Pearson correlation coefficient was calculated for normal group. For malalignment group, the correlation coefficient for variables
including SVA and PI-LL was calculated using the Spearman correlation coefficient, while the Pearson correlation coefficient was
calculated for other variables. *, statistical significance: P<0.05. SVA, sagittal vertical axis; PFA, pelvic femoral angle; PI, pelvic incidence;

PT, pelvic tilt; LL, lumbar lordosis; TK, thoracic kyphosis.

with PFA (r=0.53, P<0.001), PT (r=0.58, P<0.001), LL
(r=-0.49, P<0.001), and TK (r=-0.48, P=0.001) in the
normal group, and PFA (r=0.47, P=0.046) and PT (r=0.77,
P<0.001) in the malalignment group (7able 3). The scatter
diagrams of the PFA and PI-LL in both groups are shown
in Figure 4. PFA in the normal group was confirmed to have

a normal distribution. From this linear correlation equation,
PFA was deduced by individual PI-LL, which was named
optimal PFA.

Optimal PFA =192°+0.6x(PI—~LL) 2]

APFA was obtained for each patient using the following

© Journal of Spine Surgery. All rights reserved.

formula:

APFA = optimal PFA —measured PFA
=192°+0.6x (P~ LL)— measured PFA 3]

The APFA in the malalignment group was significantly
larger than that in the normal group (P=0.001), at
-0.5°£5.8° (range, -14.9° to 10.4°) and 5.5°+7.1° (range,
-5.5° to 25.4°) in the normal and malalignment groups,
respectively. A significant correlation was found between
APFA and SVA in the malalignment group, with Spearman’s
rank correlation coefficient of 0.53 (P=0.02), whereas no
correlation was found in the normal group (Figure 5). The
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Figure 4 Relationship between PFA and PI-LL. (A) Normal group. (B) Malalignment group. PFA correlated with PI-LL in both groups.
The Spearman’s rank correlation coefficient was 0.51 in the normal group and 0.47 in the malalignment group. PFA: the angle between a
line drawn from the midpoint of the bilateral femoral head centers to the midpoint of the sacral endplate, and the proximal femoral shaft
axis. PI: the angle between a line perpendicular to the endplate of the sacrum and a line drawn from the midpoint of the bilateral femoral

head centers to the midpoint of the sacral endplate. LL: the angle between the upper endplate of L1 and the endplate of the sacrum. PI-LL:

the angle defined as PI-LL. PFA, pelvic femoral angle; PI, pelvic incidence; LL, lumbar lordosis.
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Figure 5 Relationship between the APFA and SVA in the normal group (A) and the malalignment group (B). No correlation was observed
in the normal group (A). The APFA was positively correlated with the SVA in the malalignment group, with a Spearman’s rank correlation
coefficient of 0.66 (B). PFA: the angle between a line drawn from the midpoint of the bilateral femoral head centers to the midpoint of the
sacral endplate, and the proximal femoral shaft axis. SVA: the distance between the plumb line passing through the center of the C7 vertebra

and posterior superior corner of the sacral endplate. SVA, sagittal vertical axis; PFA, pelvic femoral angle.

PI-LL, 18° PFA, 206.6°; optimal PFA, 202.8°; and
APFA, -3.8°.

Case 2. A 77-year-old woman with a positive APFA.
APFA indicated that the hip joints could not be
extended sufficiently. SVA was exceeded 40 mm. The

power of this study was revealed to be 0.68 by the power
analysis.

°,
°

Case presentations (Figure 6)

.

% Case 1. A 61-year-old woman with a negative

APFA. She had a PI-LL mismatch, however, the
hip joints could be extended sufficiently. SVA was
negative, and the trunk was not inclined anteriorly.
The parameters were as follows: SVA, -2.7 mm;

© Journal of Spine Surgery. All rights reserved.

trunk was leaning slightly anterior. The parameters
were as follows: SVA, 52.2 mm; PI-LL, -2.3°; PFA,
184.3°; optimal PFA, 190.7° and APFA 6.3°.

Case 3. A 79-year-old woman with a positive APFA.
She had a PI-LL mismatch. The extension of the hip
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Case 1
PI-LL 18°
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Case 3
PI-LLS5L7°

APFA 6.3 APEA25.4°

Figure 6 Case presentations. (A) Case 1. A 61-year-old woman with a negative APFA. She had a PI-LL mismatch, however, the hip joints

were sufficiently extended. (B) Case 2. A 77-year-old woman with a positive APFA. APFA indicated that the hip joints were not sufficiently

extended. The trunk was leaning slightly anterior. (C) Case 3. A 79-year-old woman with a positive APFA. She had a PI-LL mismatch. The

extension of the hip joints was insufficient. APFA was larger than case 2. Certainly, SVA also becomes larger compared to case 2. PFA: the

angle between a line drawn from the midpoint of the bilateral femoral head centers to the midpoint of the sacral endplate, and the proximal

femoral shaft axis. SVA: the distance between the plumb line passing through the center of the C7 vertebra and posterior superior corner of

the sacral endplate. PI, pelvic incidence; LL, lumbar lordosis; PFA, pelvic femoral angle; SVA, sagittal vertical axis; PT, pelvic tilt.

joints was insufficient. APFA was larger than case 2.
Certainly, SVA also becomes larger compared to case 2,
as the APFA and SVA are correlated. The parameters
were as follows: SVA, 182 mm; PI-LL, 51.7°; PFA,
197.6°; optimal PFA, 223°; and APFA, 25.4°.

Discussion

PT is not a suitable parameter for assessing the sagittal
alignment of the hip joints because it is affected not only
by the hip joints but also by the knee joints (16). Thus, we
utilized PFA, defined solely by the positional relationship
between the pelvis and the femur. Previous reports have
revealed that PFA is affected by age, sex, hip joint pathology
(e.g., smaller in patients with hip osteoarthritis), pelvic
morphology (e.g., larger in individuals with higher PI),
and PI-LL (8,10,11,17). According to the measurement
by low-dose radiation, head-to-foot and biplanar standing

© Journal of Spine Surgery. All rights reserved.

stereoradiographic images (EOS imaging, Alphatec, Paris,
France), the mean PFA of healthy individuals (average age:
40 years) was 197°, whereas that of patients with spinal
deformities ranged from 194° to 207° (8,10,17,18). Several
factors affect sagittal alignment of the hip joints, and the
standard PFA value is poorly understood.

In a study of adult patients with degenerative spinal
disease, PFA was correlated with PI-LL, with a correlation
coefficient of 0.541 (8). In our study of patients without
remarkable spinal diseases, PFA was also correlated
with PI-LL, suggesting that the hip joints play a role in
compensating for spinopelvic mismatch during upright
standing. The magnitude of the APFA indicates the
insufficiency of hip extension to compensate for spinopelvic
mismatch in upright standing. APFA becomes positive
when the hip extension is insufficient relative to the optimal
hip position based on the individual’s PI-LL, whereas
it becomes negative when the hip extension is sufficient
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to compensate for PI-LL. The APFA was larger in the
malalignment group, indicating that the extension of the
hip joints in individuals with sagittal malalignment was
insufficient relative to the value calculated from PI-LL.

Spinopelvic mismatch is compensated by the thoracic
spine, pelvis, and lower extremities (19). In the normal
group, PI-LL correlated with PFA and TK, but APFA did
not correlate with SVA. These results suggest that upright
standing is maintained by the hip joints and the thoracic
spine to keep the trunk upright. These two compensation
mechanisms work together to maintain the trunk upright.
Therefore, no correlation between the degree of the
compensation mechanism of the hip joints and anterior
trunk inclination may have been found in the normal
group. In the malalignment group, PI-LL did not correlate
with TK. These results may indicate that the thoracic
spine reached a compensatory limit owing to its small
capacity in the degenerative spine (19). In addition, PI-LL
correlated with PFA, as did the APFA with SVA, suggesting
that the compensatory function of the hip joints plays an
important role in individuals with sagittal malalignment.
The APFA can be implicated as a regulator of SVA. That is,
an inharmonious relationship between PI-LL and sagittal
alignment of the hip joints causes an anterior inclination of
the trunk in individuals with spinal sagittal malalignment.

To the best of our knowledge, this is the first report to
present the concept of an optimal relationship between the
PI-LL and sagittal hip alignment. It is clinically crucial that
an optimal PFA could be calculated from PI-LL, and the
difference between the optimal PFA and the measured PFA,
in other words APFA, could be expressed as an objective
numerical value. The compensatory mechanism of the
hip joints in response to spinopelvic mismatch could be
objectively evaluated by using APFA. We believe the APFA
may indicate a compensatory insufficiency of the hip joints
in patients with spinal sagittal malalignment. In cases with
positive APFA, PI-LL may be poorly compensated by the
hip joints because of coexisting pathology in the hip joints,
weakness in the hip extensor muscles, flexion contracture
of the hip joints, or by a PI-LL that is too large to be
compensated only by the hip joints.

It has been reported that there exists an optimal LL for
PI (2). This study presents a novel finding that spinopelvic
mismatch significantly influences hip positioning in the
erect posture. However, the dynamics of the hip joint
undergo substantial changes during ambulation or in the
transition from sitting to standing. Notably, the variation in
sagittal pelvic tilt between the standing and sitting positions

© Journal of Spine Surgery. All rights reserved.

has been the subject of extensive research. It has been
observed that individual variations in pelvic tilt adjustments,
due to changes in posture, are closely associated with the
range of motion in the lumbar spine (20,21). Furthermore,
studies have shown that among Japanese women aged over
50 years, there is a notable reduction in both LL and lumbar
mobility as a function of aging (22). In our investigation,
the group with spinal malalignment was significantly older,
suggesting a potential disparity in lumbar mobility between
the examined groups. It is imperative for future research to
delve into the examination of alterations in lumbar mobility
and the positional dynamics of the hip joint during physical
activities, such as walking or the transition from a seated to
a standing posture.

This study has several limitations. First, the sample size
particularly in the malalignment group was small which
made the power insufficient. Further studies with a larger
number of patients with spinal sagittal malalignment
of greater severity are needed to establish the clinical
applicability of this parameter, and to investigate whether
this concept can be applied to patients with symptomatic
spinal kyphosis. Furthermore, the exclusive inclusion of
female subjects may introduce a gender-specific bias in the
results pertaining to spinal alignment. Regarding sexual
dimorphism, PI has been reported to exhibit negligible
or minor differences between genders (4). Conversely,
LL is documented to be more pronounced in females as
compared to males (5,6). This study was a retrospective
study that did not enroll healthy volunteers. The patients
included in this study were undergoing treatment for
osteoporosis, the majority of them were female. Due
to the small number of male patients and the inability
to statistically evaluate differences due to gender, only
females were included in the study. Further research was
needed on the hip compensation mechanism in cases with
such diseases. Another limitation was that the health-
related quality of life was not measured. Furthermore,
the influences of the knee and ankle joints on the anterior
inclination of the trunk were not evaluated.

Conclusions

The APFA, which is the difference between the optimal and
actual PFA, may indicate a compensatory insufficiency of
the hip joints for spinal sagittal malalignment. In individuals
with normal spinal sagittal alignment, a small PI-LL can be
adjusted by the thoracic spine and hip joints to maintain a
certain range of trunk inclinations. The relationship between
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the sagittal alignment of the hip joints and spinopelvic
mismatch is closely related to upright standing in humans.
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