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Hip Extensor Strength Influences Dynamic 
Postural Changes during Gait in Patients with 
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Study Design: Single-hospital cross-sectional study.
Purpose: The aim of the present study was to investigate the physical functions influencing dynamic postural change in patients with 
adult spinal deformity (ASD).
Overview of Literature: Dynamic postural change leading to increased forward lean during gait is a problem in patients with ASD; 
however, the relationship between this change and trunk and hip extensor strength is unclear.
Methods: Thirty patients with ASD aged ≥50 years who were admitted to our hospital between July 2016 and September 2019 
were included in this study. X-ray parameters (i.e., sagittal vertical axis, pelvic tilt, and pelvic incidence minus lumbar lordosis) were 
evaluated from the full-length standing radiographs of the subjects. Trunk and hip extensor strength was evaluated using a hand-held 
dynamometer. Dynamic postural changes (i.e., sagittal trunk shift during standing, sagittal trunk shift during gait, and delta sagittal 
trunk shift) were assessed using a three-dimensional motion analysis system. The relationships between dynamic postural change 
and various X-ray parameters, as well as trunk and hip extensor strength, were examined using multivariable analysis.
Results: Multivariable analysis showed that hip extensor strength is the factor most strongly associated with dynamic postural 
change among the X-ray parameters and physical functions assessed in this study (β=−0.41, R2=0.12).
Conclusions: We demonstrated the association between dynamic postural change and hip extensor strength in patients with ASD. 
Our results may be useful to healthcare providers treating patients with ASD. Interventions for dynamic postural change in patients 
with ASD should focus on hip extensor strength.
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Introduction

Adult spinal deformity (ASD), a musculoskeletal disorder, 
occurs in approximately 20%–40% of the Japanese elderly 
population and causes various medical problems [1-4]. 
Patients with ASD present with a number of physical 
functional impairments and increased risk of falls due to 
spinal malalignment [5-7]. ASD has also been reported 
to result in a decrease in quality of life (QOL) [8]. Evalu-
ation of spinal alignment using standing radiographs has 
been correlated with QOL, and accurate assessment of the 
sagittal and coronal radiographic parameters of the whole 
spine is essential to determine treatment indications for 
patients with ASD [9,10].

Some researchers have suggested that the standing 
radiographs used to assess spinal alignment in patients 
with ASD may not reflect the actual posture of the patient 
in real-life situations because standing requires effortful 
postural changes and compensatory mechanisms [11,12]. 
Thus, studies on spinal alignment assessment by gait 
analysis are increasingly being conducted using a three-
dimensional motion analysis system (3D-MAS); indeed, 
this technology has shown that the gait posture of patients 
with ASD demonstrates increased anteversion of the 
trunk and pelvis compared with the standing posture [13-
17]. Patients with ASD have also been reported to demon-
strate increased anteversion when they walk even if they 
no longer manifest a poor standing posture. The results of 
these studies highlight the necessity of assessing patients 
with ASD from a dynamic perspective [18]. Dynamic pos-
tural changes associated with gait are a kinematic feature 
of patients with ASD and a factor that could exacerbate 
spinal alignment. However, to the best of our knowledge, 
no conclusive reports examining the causes of dynamic 
postural change as well as the relationships of the latter 
with various physical functions, such as muscle strength, 
have yet been published.

The aim of the present study was to investigate the 
physical functions influencing dynamic postural change 
in patients with ASD. We hypothesized that the trunk and 
hip extensors, which are essential to maintain posture, are 
associated with dynamic postural changes in patients with 
ASD. Knowledge of the physical functions involved in dy-
namic postural change in patients with ASD could reveal 
therapeutic strategies for improving postural abnormali-
ties in such patients.

Materials and Methods

1. Study design

This cross-sectional study was performed at a single hos-
pital. All study participants provided written informed 
consent prior to data collection. The Strengthening the 
Reporting of Observational Studies in Epidemiology 
guidelines were strictly followed [19]. This study was ap-
proved by  the Ethics Committee of Fukushima Medical 
University (IRB approval no., 29359).

2. Patient population

Patients with ASD who were admitted to admitted to Aizu 
Medical Center, Fukushima Medical University (Aizu-
wakamatsu, Japan) for operative or conservative treatment 
between July 2016 and September 2019 were enrolled to 
this study under the following inclusion criteria: aged ≥50 
years and at least one of the following measures of spinal 
deformity: (1) a sagittal vertical axis (SVA) of 40 mm 
or greater, (2) a pelvic tilt (PT) of 20° or greater, or (3) a 
pelvic incidence minus lumbar lordosis value (PI–LL) of 
10° or greater [9]. Patients with neuromuscular diseases, 
deformities due to infections or tumors of the spine, and 
hip or knee pain due to osteoarthritis of the lower limbs 
were excluded from this study. We also excluded patients 
with lumbar spinal canal stenosis who had nerve root 
symptoms or leg pain associated with walking, such as 
neurogenic intermittent claudication, as well as those with 
respiratory or cardiovascular diseases, which could affect 
gait performance.

3. Measurement of X-ray parameters

X-ray parameter measurements were conducted by two 
spinal surgeons using full-length standing radiographs, 
with the patient in the fist-on-clavicle position. The fol-
lowing spinopelvic parameters were measured: (1) SVA, 
i.e., the distance between the C7 plumb line and the 
posterior superior corner on the top margin of S1; (2) 
lumbar lordosis (LL), i.e., the angle between the superior 
endplate of L1 and the superior endplate of S1; (3) PT, i.e., 
the angle between the line perpendicular to the center of 
the femoral head and the line connecting the center of 
the femoral head and the midpoint of the sacral endplate; 
(4) pelvic incidence (PI), i.e., the angle between the line 
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perpendicular to the sacral plate at its midpoint and the 
line connecting this point to the femoral head axis; and (5) 
PI–LL.

4. Measurement of physical functions

Trunk and hip extensor strength was assessed by mea-
suring muscle strength with a hand-held dynamometer 
(HHD, Mobie MT-100; SAKAI Medical, Tokyo, Japan). 
Measurements were collected during isometric trunk 
and hip extension with maximum effort. Trunk extensor 
strength was measured in a sitting position with the HHD 
placed between the subject’s back and the wall [20] (Fig. 1). 
Here, the patients were verbally instructed to push against 
the wall with their back with as much strength as possible 
without putting any effort into their legs. Hip extensor 
strength was measured in a sitting position on the treat-
ment bed with the HHD placed between the distal thighs 
of the subjects (Fig. 2). Zero correction was performed by 
pressing the offset switch after the HHD was placed on 
the subjects’ thighs to minimize the effect of the weight of 
the device on the measurement obtained [21]. Here, the 
patients were verbally instructed to push the treatment 
bed downward with their thighs with as much strength as 
possible.

5. Evaluation of dynamic postural change using 3D-MAS

Measurements of standing and gait postures were per-
formed using a 3D-MAS instrument (VICON Motion 
Capture Systems, Oxford, UK) operated at a sampling rate 
of 200 Hz. The walkway was approximately 8 m long, and 
eight infrared cameras were used. Two force plates (AMTI, 
Watertown, MA, USA) were installed at the midpoint of 
the walkway at 1,000 Hz. Infrared markers were installed 
on C7 (i.e., on the spinous process of the seventh cervi-
cal vertebra) and S1 (i.e., on the spinous process of the 
first sacral vertebra). Sagittal trunk shift (STS) was calcu-
lated from the coordinate data obtained according to the 
method of Shiba et al. [13]. STS refers to the distance be-
tween the C7 and S1 markers in the sagittal plane and was 
measured in millimeters. The measurement obtained is a 
relative value that indicates the degree of displacement of 
the C7 marker relative to the S1 marker; it is expressed as a 
positive value (+) when the C7 marker is located in front of 
the S1 marker and as a negative value (−) when it is located 
behind the S1 marker. STS was measured in the standing 
(standing STS) and gait (gait STS) postures. Standing data 
were measured over a period of 5 seconds from the start of 
standing. Here, the patients’ arms were lowered along their 
body, and their gaze was directed forward. Gait data were 
measured at the time of gait initiation. The data collected 
over one gait cycle by 3D-MAS were normalized to 100%. 
Filtering (fourth-order Butterworth low-pass filter; 6 Hz) 

Fig. 1. Evaluation of trunk extensor strength for hand-held dynamometer (HHD). 
Measuring trunk extensor strength during maximum effort trunk extension in a 
seated position.

Fig. 2. Evaluation of hip extensor strength for hand-held dynamometer (HHD). 
Measuring hip extensor strength during maximum effort hip extension in a 
seated position.
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was applied to the marker coordinate data and the analog 
data obtained from the floor reaction meter for smoothing. 
Initial contact was defined as the first point at which the 
ground reaction force in the vertical direction exceeded 
10 N. Toe off was defined as the first point at which the 
ground reaction force in the vertical direction dropped to 
10 N or less. STS was measured under the following condi-
tions: (1) gait at self-selected speed, (2) adequate breaks 
and practice, and (3) average of the data measured over 5 
seconds of standing and an average of three gait analyses. 
Dynamic postural change (ΔSTS), which was defined as 
the STS during gait minus the STS during standing, was 
then calculated. Dynamic postural change reflects a change 
in posture associated with the onset of gait initiation from 
a standing position (Fig. 3).

6. Statistical analysis

The data were analyzed using R Commander ver. 2.8.1 
(freeware; The R Foundation for Statistical Computing, 
Vienna, Austria). All values are expressed as mean and 
standard deviation. The relationships between the ΔSTS 
and each X-ray parameter and trunk and hip extensor 
strength of the subjects were determined by univariable 

analysis using Spearman’s rank correlation coefficients. 
Multivariable analysis of items that were found to be sig-
nificantly correlated with ΔSTS was then conducted to 
investigate their impact on ΔSTS with adjustment for con-
founding factors (e.g., age and body mass index [BMI]). A 
p<0.05 was considered statistically significant.

Results

Thirty patients with ASD were included in this study. All 
patients were female. The patients’ basic characteristics 
were as follows: age, 72.8±8.2 years; height, 147.9±5.9 cm; 
weight, 50.8±8.1 kg; and BMI, 23.2±3.5 kg/m2. The sagittal 
plane parameters acquired from the full-length standing 
lateral radiographs were as follows: SVA, 154.9±79.9 mm; 
PT, 39.0°±10.0°; and PI–LL 45.9°±22.2°. The average kine-
matic parameters were as follows: standing STS, 88.3±73.5 
mm; gait STS, 156.4±74.9 mm; and ΔSTS, 78.4±65.1 mm 
(Table 1).

Univariable analysis revealed a significant correla-
tion between hip extensor strength and ΔSTS (r=−0.40, 
p=0.03). No significant correlation was found between 
ΔSTS and any X-ray parameter (SVA: r=−0.01, p=0.96; 
PT: r=0.17, p=0.38; PI–LL: r=0.05, p=0.78). Trunk exten-
sor strength and X-ray parameters (SVA: r=−0.25, p=0.19; 
PT: r=−0.06, p=0.75; PI–LL: r=−0.50, p=0.01), hip exten-
sor strength and X-ray parameters (SVA: r=−0.19, p=0.31; 
PT: r=−0.25, p=0.19; PI–LL: r=−0.31, p=0.09), and trunk 
extensor strength and PI–LL showed significant relation-
ships (Table 2). Multivariable analysis indicated that hip 

Fig. 3. Standing and gait posture assessment using three-dimensional motion 
analysis system (3D-MAS; VICON Motion Capture Systems, Oxford, UK). a)Sag-
ittal trunk shift during standing (standing sagittal trunk shift [STS]). b)Sagittal 
trunk shift during gait (gait STS). The greater the anterior trunk tilt, the greater 
the STS value. Postural change is shown and defined as ΔSTS.

Table 1. Background data for the subjects

Characteristic Mean±SD

Age (yr)   72.8±8.2

Height (cm) 147.9±5.9

Weight (kg) 50.8±8.1

Body mass index (kg/m2) 23.2±3.5

Sagittal vertical axis (mm) 154.9±79.9

Pelvic tilt (°)   39.0±10.0

PI–LL (°)   45.9±22.2

Standing STS (mm)   88.3±73.5

Gait STS (mm) 156.4±74.9

ΔSTS (mm)   78.4±65.1

SD, standard deviation; PI–LL, pelvic incidence minus lumbar lordosis; standing 
STS, sagittal trunk shift during standing; gait STS, sagittal trunk shift during 
gait; ΔSTS, delta sagittal trunk shift (gait STS minus standing STS). 
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extensor strength is a major factor influencing increases 
in ΔSTS (β=−0.41, R2=0.12) (Table 3).

Discussion

In the current study, we found that hip extensor strength 
is strongly associated with ΔSTS. To the best of our 
knowledge, this study is the first to report the relationship 
between ΔSTS and physical function. Increased ΔSTS 
induces dynamic postural changes in patients with ASD, 
which strongly indicates that the function of the hip ex-
tensors during postural maintenance is important for such 
patients.

Spinal alignment in patients with ASD was assessed by 
standing radiographs. However, this technique has been 
reported to feature some limitations because standing 
necessitates effortful postural changes by the patient [11]. 
Therefore, 3D-MAS, which can well capture real-life situa-
tions, was used to evaluate dynamic spinal alignment [11-
18]. An earlier report on dynamic spinal alignment in pa-
tients with ASD showed that trunk and pelvis anteversion 
increases during gait compared with standing and that 
trunk and hip extensor strength may be involved in the 
postural change [13]. Arima et al. [18] reported that pa-
tients with ASD may not have a poor standing posture but 
show strong anteversion during gait. The results of these 

authors suggest the need to evaluate spinal alignment in 
patients with ASD from a dynamic perspective. Lee et al. 
[22] reported that large preoperative dynamic postural 
changes could negatively impact postoperative clinical 
outcomes. These reports emphasize the importance of 
dynamic postural changes in patients with ASD; how-
ever, factors related to dynamic postural changes, such as 
physical function, have not been examined thoroughly 
[13-18,22]. The current study builds on the findings of 
previous studies and extends the evidence for dynamic 
postural change in patients with ASD.

The current study revealed an association between 
dynamic postural change and hip extensor strength in 
patients with ASD. The trunk and pelvis are known to 
contribute more to anteversion during gait than during 
standing [13-17]. The hip extensors, such as the gluteus 
maximus and hamstrings, originate from the pelvic girdle 
and attach to the posterior aspect of the femur, which 
undergoes pelvic retroversion and prevents excessive pel-
vic anteversion [23]. The hip extensors of patients with 
ASD, along with the trunk extensors, are closely related 
to spinal sagittal alignment, and the degree of sagittal 
imbalance is well known to relate to the degree of muscle 
degeneration [24]. Therefore, hip extensor muscle weak-
ness in patients with ASD may lead to excessive pelvic 
anteversion, which could be a factor for dynamic postural 
change. Another noteworthy finding in this study is the 
absence of a relationship between ΔSTS and X-ray pa-
rameters. Radiological evaluation of patients with ASD is 
conventionally performed using full-length standing ra-
diographs. However, this evaluation often masks the true 
posture of the patient because standing requires effortful 
postural changes and various compensatory mechanisms 
[11,25]. Pelvic retroversion in the standing posture of pa-
tients with ASD, for example, is one such compensatory 
mechanism [25]. Kim et al. [17] reported that posterior 
PT in patients with ASD disappears during walking, 
which suggests that this compensatory mechanism dur-
ing standing is disrupted during gait. In other words, 
dynamic postural changes determined as ΔSTS may rep-
resent events that differ from the features detected by full-
length standing radiographs. The results of this study may 
be useful for the treatment of patients with ASD in clini-
cal practice, especially when the main complaint is gait 
disturbance, such as increased trunk anteversion during 
gait. Rehabilitation programs for patients with ASD often 
focus on trunk extensors [26-28]. The results of this study 

Table 3. Factors affecting dynamic postural changes in patients with adult spi-
nal deformity

R2 B β p-value

Hip extensor strength 0.12 -5.75 -0.41 <0.05

Results in multivariable analysis. Significance level was set at 5%.
R2, coefficient of determination (adjusted); B , regression coefficients; β , stan-
dardized regression coefficients.

Table 2. Relationship of X-ray parameters and physical functions to ΔSTS

Variable ΔSTS SVA PT PI–LL Trunk extensor 
strength

SVA -0.01

PT   0.17    0.42*

PI–LL   0.05    0.76*    0.41*

Trunk extensor strength -0.25 -0.25 -0.06   -0.50*

Hip extensor strength -0.40* -0.19 -0.25 -0.31 0.49**

Data are Spearman’s rank correlation coefficients. Significance level was set at 
5%. 
ΔSTS, delta sagittal trunk shift; SVA, sagittal vertical axis; PT, pelvic tilt; PI–LL, 
pelvic incidence minus lumbar lordosis.
*p<0.05. **p<0.01.
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suggest the need to assess hip extensor strength if patients 
with ASD wish to improve their gait disturbance. Muscle 
strengthening exercises for hip extensors may also be 
considered as a method of rehabilitation for patients with 
ASD. In general, the greater the degree of preoperative 
dynamic postural change in patients with ASD, the poorer 
the postoperative clinical outcome [22]. If such patients 
scheduled for surgery present extensive dynamic postural 
change, preoperative strengthening exercises of the hip 
extensors may be useful. The results of this study suggest 
that hip extensor strengthening exercises could be added 
to the preoperative rehabilitation program of patients with 
ASD scheduled for surgery. However, the effectiveness of 
such exercises in patients with ASD and the development 
of specific rehabilitation programs must be investigated in 
future research.

This study features several strengths. First, 3D-MAS was 
employed to assess standing and gait posture in patients 
with ASD. Postural and motion analyses via 3D-MAS have 
been reported to yield highly reliable results. 3D-MAS al-
lows observation of changes in posture in real time, which 
is difficult to achieve using radiological parameters alone. 
Second, the present study is the first to analyze the rela-
tionship between dynamic postural changes and physical 
functions in patients with ASD. Although previous studies 
have analyzed dynamic spinal alignment in patients with 
ASD, the present research actually quantifies and analyzes 
trunk and hip muscle strength, which are important con-
siderations in spinal alignment.

The present study also includes a number of limitations. 
First, the presence of type 2 errors due to the small sample 
size cannot be excluded. Although a large sample size is 
desirable in any study, type 2 errors are generally consid-
ered a problem when the results of the analysis do not 
fall below the significance level. The results of this study 
showed significant associations, and the effect of type 2 er-
rors on the analyses may be minimal. Second, continuous 
postural changes in gait were not assessed in this work. 
Dynamic postural changes in this study were analyzed 
at the initiation of gait, but evaluating postural changes 
in continuous gait may be necessary to understand the 
gait disorder of patients with ASD completely. Third, 
muscle activity during gait was not assessed. The muscle 
strength assessed in the current study differs from the ac-
tual muscle activity manifested during gait; specifically, in 
this work, only the maximum muscle strength the subject 
could exert was evaluated. Measurements of muscle activ-

ity using surface electromyography may provide a quanti-
tative indication of the real-time activity of muscles dur-
ing movement. Surface electromyography could provide 
detailed insights into the relationship between real-time 
muscle activity and dynamic postural changes, which, 
in turn, could lead to a better understanding of dynamic 
postural changes in patients with ASD.

Conclusions

In conclusion, we demonstrated the association between 
dynamic postural changes and hip extensor strength in 
patients with ASD. This finding will be useful to physi-
cians, physical therapists, and other healthcare profession-
als treating patients with ASD. Interventions for dynamic 
postural change in such patients should focus on hip ex-
tensor strength.
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