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Abstract. [Purpose] This study aimed to investigate the relationships among the changes in iliopsoas muscle 
thickness, hip angle, and lower limb joint moment during squatting in different pelvic positions to help in perform-
ing hip-dominant squatting exercises. [Participants and Methods] The participants were seven healthy adult males. 
The measurement task consisted of squatting with 60 degrees of knee flexion in three positions: the anterior, neu-
tral, and posterior pelvic tilt positions. The iliopsoas muscle thickness was measured in the center of the inguinal 
region using ultrasonography. A three-dimensional motion analysis system was used to measure the joint angles and 
joint moments. [Results] There were no significant differences in pelvic angles between the pelvic positions. The 
hip angle differences were significantly higher in the anterior and neutral pelvic tilt positions compared to those in 
the posterior tilt position. Only the anterior pelvic tilt position had a significantly positive correlation with iliopsoas 
muscle thickness and hip angle differences. [Conclusion] Squatting in the neutral or posterior pelvic tilt position was 
not associated with hip angle and iliopsoas muscle thickness changes, whereas squatting in an anterior pelvic tilt 
position was associated with changes in the iliopsoas muscle thickness and hip flexion angle. Our findings suggest 
that activation of the iliopsoas muscle might be necessary to promote hip-dominant squatting.
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INTRODUCTION

Hip and lumbar movements are intimately interconnected and closely coordinated, and the association between hip and 
lumbar motion is widely known as the lumbopelvic rhythm1, 2) and pelvifemoral rhythm3) via the pelvis. Failure of the 
lumbopelvic rhythm or pelvifemoral rhythm results in excessive loading of the lumbar and hip joints, leading to injury4, 5). 
Individuals with a history of low back pain have been reported to have greater lumbar motion relative to the hip joint6, 7), and 
the evaluation and treatment of low back pain often focuses on lumbar and hip motion in terms of lumbar loading. “Waiters 
bow” and “Backwards rocking” are used not only as tests for observing lumbar and hip movement strategies but also as 
exercises to control excessive movement of the lumbar region and promote hip movement8). Squatting is widely used for 
lower extremity muscle strength training and serves similar purposes to “Waiters bow” and “Backwards rocking”9). Sitting, 
lifting, and other movements and postures similar to the squat are often used in daily life, and as such, the squat is often used 
as an exercise to improve activities of daily living. It has been reported that the squatting strategy differs between the lower 
back pain group and the non-lower back pain group10), and it is known that the load on the lumbar region varies with the 
squatting strategy11, 12). During the downward phase of the squat, the extensors of the lower extremities perform eccentric 

J. Phys. Ther. Sci. 33: 351–355, 2021

*Corresponding author. Ryo Miyachi (E-mail: miyachi@tachibana-u.ac.jp)
©2021 The Society of Physical Therapy Science. Published by IPEC Inc.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Deriva-
tives (by-nc-nd) License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

 The Journal of Physical Therapy Science

https://creativecommons.org/licenses/by-nc-nd/4.0/


J. Phys. Ther. Sci. Vol. 33, No. 4, 2021 352

contractions, and during the upward phase, the extensors of the lower extremities perform concentric contractions to control 
the vertical movement of the center of gravity. Therefore, many studies have focused on the activity of the extensor muscles 
of the lower extremities; however, no studies have focused on the activity of the flexor muscles of the lower extremities. 
Hip flexor activity is critical when using the squat as an exercise to emphasize hip flexion for the purpose of controlling 
movement in the direction of trunk forward bending. The hip flexors are involved in adjusting the pelvic position, and it 
is considered that hip flexor activity allows the hip to squat with adequate hip flexion, although the relationship between 
changes in hip flexors and the joint angles and moments of the pelvis and hip joint during the squat has not been studied. The 
iliopsoas muscle is the main hip flexor and affects hip flexion and anterior pelvic tilt13, 14). As the iliopsoas muscle is relatively 
deep, wire electromyography and other techniques are used to capture its activity. However, wire electromyography and other 
measurement techniques make the execution of natural movements difficult due to pain and discomfort caused in the groin 
area. However, ultrasound techniques enable non-invasive measurement of muscle conditions and allow for measurement of 
the deeply-located iliopsoas muscle.

Therefore, the purpose of this study was to investigate the relationship between the changes in iliopsoas muscle thickness, 
pelvic tilt and hip angle, and lower limb joint moment during squatting in different pelvic positions.

PARTICIPANTS AND METHODS

The participants were seven healthy adult males (mean age: 25.4 ± 2.5 years, mean height: 175.0 ± 5.0 cm, mean body 
weight: 69.6 ± 6.2 kg) with no history of joint problems in the lower limbs or spine and no pain affecting their daily lives. 
The participants provided signed, written informed consent to participate in the study. The study was approved by the Ethics 
Committee of the Saisekai Kanazawa Hospital, Ishikawa Prefecture (Application No. 23 of the 2018 fiscal year).

The values of each parameter were measured at rest in a standing position and in the squatting position with 60° knee 
flexion. The knee joint angle was set at 60° knee flexion with the sensor in contact with the gluteal region. The participants 
were instructed to stop when the sensor made contact with the gluteal region (Fig. 1). The width between the feet was set at 
a position where the line connecting the greater trochanter and the lateral malleolus was perpendicular to the floor, and the 
foot angle was set at 10°. Squats were performed in the neutral position (NP), anterior tilt position (AP), and posterior tilt 
position (PP). The NP was defined as the participant’s natural pelvic position, and the AP and PP were defined as the anterior 
and posterior pelvic tilt, respectively, of the participant at maximum effort. The participants performed the NP, AP, and PP 
pelvic positions in a resting standing position, followed by squats while holding the pelvic position.

The iliopsoas muscle was imaged using an ultrasound machine ((LOGIQ e, GE Healthcare Japan, Tokyo, Japan) with a 
linear probe (10 MHz) in B mode. The ultrasound probe was applied to measure the iliopsoas muscle according to the meth-
odology of our previous study15), and the measurement area was the center of the inguinal region at the midpoint of the line 
connecting the anterior superior iliac spine to the pubic symphysis. Markings were applied to the pre-identified measurement 
areas to keep them constant, and the iliopsoas muscle was imaged by touching those areas with the probe (Fig. 2a). From 
the collected ultrasound images, the maximum length diameter of the iliopsoas muscle was measured based on the boundary 
of the fascia using the image analysis program Image J (Fig. 2b). The iliopsoas muscle thickness difference between the 
standing and squatting positions (ΔIT; iliopsoas muscle thickness in the squatting position − iliopsoas muscle thickness in the 
standing position) was then calculated. Measurements and image analysis were performed by the same examiner who was 

Fig. 1.  Squatting position.

Fig. 2.  Measurement of iliopsoas muscle thickness using ultrasonography.
a: measurement area, b: region of interest.
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proficient in using and conducting analysis through the equipment.
The joint angles and joint moments were measured with a three-dimensional motion analysis system (VICON NEXUS, 

Vicon Motion Systems, Oxford, UK) with eight MX cameras and two force plates (AMTI, Watertown, MA, USA). For 
motion analysis, the sampling frequency was set at 100 Hz, and the participants were given a total of 35 infrared reflective 
markers of 14 mm in diameter to be placed at predetermined positions based on a plug-in gait full body model. The force 
plate was set at a sampling frequency of 1,000 Hz, and the left and right lower limbs were positioned on each of the two 
force plates. The pelvic tilt angle was defined as anterior pelvic tilt in the positive direction and posterior tilt in the negative 
direction, and the hip angle was defined as flexion in the positive direction and extension in the negative direction. The 
positive direction of the joint moment was the external flexion moment, and the negative direction was the external extension 
moment. Joint angles were calculated as the difference in pelvic and hip angles between the resting standing and squatting 
positions (ΔJA; joint angles in the squatting position − joint angles in the standing position).

Squats were performed twice in each position, and the mean of both measurements were used for statistical analysis. 
Statistical analysis was performed using SPSS version 24 (SPSS Statistics, Japan IBM, Tokyo, Japan). Repeated analysis of 
variance and Bonferroni tests were used to compare each value at the pelvic position, and Pearson’s product-rate correlation 
coefficient was used to determine the values correlation. The significance level was set at 0.05. All continuous data are 
presented as mean ± standard error.

RESULTS

The joint angles, joint moments, and ΔIT for each pelvic position are shown in Table 1. The anterior pelvic tilt and hip 
flexion angles in the squatting position were significantly higher for AP, NP, and PP, in that order. For ΔJA, the pelvic angle 
did not differ significantly between pelvic positions. However, the hip angle was significantly higher in AP and NP than in PP. 
There was no significant difference in joint moments between the hip and knee joints due to differences in the pelvic position. 
The ΔIT was significantly higher for AP than for PP.

The correlation coefficients between the ΔIT and ΔJA and the joint moments are shown in Table 2. There was no signifi-
cant correlation between ΔIT and pelvic ΔJA for all pelvic positions. For ΔIT and hip ΔJA, only AP had a significant positive 
correlation (p=0.03, r=0.82). In terms of joint moments, ΔIT and hip joint moments were not significantly correlated in all 
pelvic positions. Only PP had a significant positive correlation between ΔIT and knee joint moment (p=0.04, r=0.77).

Table 1.  Values of the lower limb parameters in each pelvic position

NP AP PP
Pelvic tilt angle in squatting position (°) 12.9 ± 4.8 23.8 ± 4.1* −0.6 ± 6.0*†
Hip joint angle in squatting position (°) 41.3 ± 4.7 52.0 ± 4.2* 25.4 ± 6.5*†
ΔJA of pelvic tilt (°) 0.5 ± 2.1 3.5 ± 1.9 −2.9 ± 3.7
ΔJA of hip joint (°) 34.2 ± 2.1 36.0 ± 2.3 22.0 ± 5.0*†
Hip joint moment (Nm) 0.3 ± 0.1 0.3 ± 0.1 0.1 ± 0.1
Knee joint moment (Nm) 0.4 ± 0.1 0.4 ± 0.1 0.5 ± 0.1
ΔIT (mm) 9.3 ± 2.4 10.6 ± 1.7 3.6 ± 1.2†
Data are presented as the mean ± standard error.
NP: neutral position; AP: anterior tilt position; PP: posterior tilt position; ΔJA: the angle difference between 
the resting standing and squatting positions; ΔIT: the iliopsoas thickness difference between the standing 
and squatting positions.
*Significant difference compared to NP (p<0.05).
†Significant difference compared to AP (p<0.05).

Table 2.  Correlation coefficients of joint angle and joint moment with iliopsoas muscle thickness

NP AP PP
ΔJA of pelvic tilt 0.21 0.12 −0.27
ΔJA of hip joint (°) 0.57 0.82* −0.25
Hip joint moment 0.18 −0.3 −0.65
Knee joint moment −0.15 −0.07 0.77*
NP: neutral position; AP: anterior tilt position; PP: posterior tilt position; ΔJA: the angle differ-
ence between the resting standing and squatting positions; ΔIT: the iliopsoas thickness differ-
ence between the standing and squatting positions.
*Significant correlation (p<0.05).



J. Phys. Ther. Sci. Vol. 33, No. 4, 2021 354

DISCUSSION

This study investigated the relationship between iliopsoas muscle thickness, pelvic and hip joint angles, and lower limb 
joint moments in squats in different pelvic positions and provides insight into the involvement of the iliopsoas muscle in 
lumbar and hip motor control in the squat, which could assist in exercise selection.

The results showed that the anterior pelvic tilt and hip flexion angle during squatting were increasingly higher in the 
anterior, middle, and posterior pelvic tilt positions suggesting that the anterior and posterior pelvic tilt movements caused 
sufficient pelvic tilt causing a concomitant change in the hip flexion angle. With respect to the angular difference between 
squatting and resting standing positions, there was no difference in the pelvic angle in the pelvic position. Therefore, the 
pelvic angle remains constant during the standing pelvic position, and no changes are expected to occur during the squat. The 
hip joint, on the other hand, had less movement in the direction of hip flexion in PP compared to AP and NP. Low hip mobility 
during squatting is known to increase the shear force on the spine, which can lead to injury9), and squatting in a posterior 
pelvic tilt position with low hip motion may increase stress on the spine. Therefore, if the squat is used for the purpose of 
facilitating hip movement, squatting in the posterior pelvic tilt position may not be appropriate in terms of causing excessive 
load on the spine. However, since the posterior pelvic tilt in this study was caused by active movement, the effect of different 
alignments needs to be further investigated.

The ΔIT was significantly higher for AP than for PP. This suggests that the change in the iliopsoas muscle due to squatting 
is greater in the anterior pelvic tilt position than in the posterior pelvic tilt position. Kinugasa16) reported that the cross-
sectional area of the muscle decreases with muscle elongation because the muscle has a constant volume; conversely, the 
cross-sectional area of the muscle is likely to increase as the muscle adopts a shortened position. In our previous study15), 
it was also shown that increasing the hip angle passively between 0 and 60° increased the muscle thickness of the iliopsoas 
muscle. The angle of hip flexion during squatting in the present study was within the range of our previous study15), which 
might have resulted in changes in muscle thickness due to the shortening limb position of the iliopsoas muscle. However, in 
the present study, the correlation between ΔIT and ΔJA of the hip joint was not observed in NP and PP, but only in AP. There-
fore, in addition to the increase in the cross-sectional area due to passive muscle shortening, other factors may be involved in 
AP. There are scattered reports linking changes in muscle thickness to muscle activity under isometric contraction17, 18). The 
correlation between ΔIT and ΔJA of the hip joint could be the effect of muscle thickness change due to muscle contraction. 
This suggests that the iliopsoas muscle might need to be active to hold the anterior pelvic tilt in AP and be more active in the 
squatting position. Based on our findings, it seems that the activity of the iliopsoas muscle is important for the achievement 
of hip-based movements in the direction of forward trunk flexion.

Regarding joint moments, there was no correlation between hip and knee moments and ΔIT for AP and NP, but only 
PP had a positive correlation with ΔIT for knee joint moments. The greater anterior tilt of the trunk results in a greater hip 
extension moment and a smaller knee extension moment9). In the present study, the pelvic angle in the squatting position of 
the PP was negative, which suggests that the trunk tilt posteriorly with the posterior tilt of the pelvis caused an increase in 
the knee joint moment. At the same time, with the posterior tilt of the trunk, the iliopsoas muscle might have been active in 
order to maintain balance.

A limitation of this study is that we focused solely on iliopsoas muscle measurements as the hip flexor. However, other 
hip flexors, such as the rectus femoris muscle, were not considered and should be included in future studies. In addition, 
the present study only specified the pelvic position, not the trunk position, and it is unclear how the trunk limb positions 
were related to each other. Furthermore, because the pelvic position is the maximal position, the pelvic angle differs among 
individuals. Moreover, although the probe angle was kept constant during the measurement of iliopsoas muscle thickness, it 
was difficult to determine whether the probe was perpendicular to the iliopsoas muscle. Additionally, as mentioned above, ul-
trasonic muscle thickness measurements do not directly reflect muscle activity; therefore, the present study can only describe 
the possibility that muscle activity occurred in relation to muscle thickness changes and joint angle changes. It has been 
reported that changes in muscle thickness do not necessarily reflect muscle activity and that muscle thickness is influenced 
by myofascial extensibility19), the region measured20), and the strength of contraction21). Thus, caution should be observed 
while interpretating the results of this study with respect to increase in muscle thickness and muscle activity. Future studies 
with larger samples are needed to validate other indices of direct muscle activity using wire electromyography and other 
measurement tools such as MRI.

In conclusion, squatting in the neutral or posterior pelvic tilt position was not associated with hip angle and iliopsoas 
muscle thickness changes, whereas squatting in an anterior pelvic tilt position was associated with changes in the iliopsoas 
muscle thickness and hip flexion angle. It is suggested that the activity of the iliopsoas muscle might be necessary to promote 
hip-dominant squatting.
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