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THE RELATIONSHIP BETWEEN TRUNK MUSCLE 
STRENGTH AND PELVIC OSCILLATION IN 

ASYMPTOMATIC PHYSICALLY INACTIVE ADULTS

ORIGINAL ARTICLE

ABSTRACT
Purpose: Pelvis and trunk structure are body segments that are integrated with each other. 
Collaboration between pelvic mobility and trunk muscles plays a significant role in walking and energy 
consumption. The aim of this study is to investigate the relationship between trunk muscle strength 
and pelvic oscillations. 

Methods: Twenty-eight healthy individuals volunteered for the study (16 women, 12 men; mean age 
24.46 ± 2.97 yrs., height 172.03 ± 9.41cm, weight 67.78 ± 16.31 kg). Pelvic oscillations were measured 
by using a wireless tri-axial accelerometer. Trunk muscle strength was evaluated with Isokinetic 
Dynamometer (Cybex Humac Norm Testing & Rehabilitation System, USA). The trunk extensors and 
flexors were tested concentrically at 60°s. Statistically, the direction and level of the relationship were 
examined by using Spearman Correlation Analysis. 

Results: Correlation analysis showed significant relationships between concentric strength of trunk 
flexion and anterior-posterior pelvic tilt (r=-0.419 p<0.05), lateral pelvic tilt (r=-0.768 p<0.001), and 
hip rotation (r=-0.382 p<0.001). A statistically significant relationship was not observed between 
concentric strength of trunk extension and anterior-posterior pelvic tilt, and hip rotation (p>0.05). 

Conclusion: The current study reports that trunk muscle strength is associated with pelvic oscillations. 
In particular, the increase in the strength of the trunk flexor group muscles has been shown to limit 
the mobility of the pelvis. In addition, these results show that the increase in trunk muscle strength 
provides a stable basis for the pelvis during walking. Therefore, the authors of the current study think 
that a stable pelvis structure will contribute to the prevention of possible pathologies related to the 
lower extremity.
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ASEMPTOMATİK FİZİKSEL İNAKTİF YETİŞKİNLERDE 
GÖVDE KAS KUVVETİ İLE PELVİK SALINIMLAR 

ARASINDAKİ İLİŞKİ

ARAŞTIRMA MAKALESİ

ÖZ
Amaç: Pelvis ve gövde yapısı birbiriyle bütünleşmiş vücut bölümleridir. Pelvik mobilite ve gövde kasları 
arasındaki entegrasyon, yürüme ve enerji tüketiminde önemli bir rol oynar. Bu çalışmanın amacı gövde 
kas kuvveti ile pelvik salınımlar arasındaki ilişkiyi araştırmaktır. Yöntem: 28 sağlıklı birey çalışma için 
gönüllü oldu (16 kadın, 12 erkek; ortalama yaş 24,46 ± 2,97 yıl, boy 172,03 ± 9,41 cm, ağırlık 67,78 
± 16,31 kg). Pelvik salınımlar üç boyutlu kablosuz ivmeölçer kullanılarak ölçüldü. Gövde kas kuvveti 
İzokinetik Dinamometre (Cybex Humac Norm Testing & Rehabilitation System, USA) ile değerlendirildi. 
Gövde ekstansörleri ve fleksörleri 60°/sn lik açısal hızda konsantrik olarak test edildi. İstatistiksel olarak 
ilişkinin yönü ve düzeyi ise Spearman Korelasyon Analizi yapılarak incelendi. 

Sonuçlar: Korelasyon analizi, konsantrik gövde fleksiyon kuvveti ile ön-arka pelvik eğim (r=-0,419 
p<0,05), yana pelvik eğim(r=-0,768 p<0,001) ve kalça rotasyonu (r=-0,382 p<0,001) arasında anlamlı 
ilişkiler olduğunu gösterdi. Konsantrik gövde ekstansiyon kuvveti ile ön-arka pelvik eğim ve kalça 
rotasyonu arasında istatistiksel olarak anlamlı bir ilişki gözlenmedi (p>0,05). 

Tartışma: Mevcut çalışma, gövde kas kuvvetinin pelvik salınımlarla ilişkili olduğunu bildirmektedir. 
Özellikle gövde fleksör grup kaslarının kuvvetindeki artışın pelvis hareketliliğini sınırladığını 
göstermiştir. Ek olarak, bu sonuçlar gövde kas gücündeki artışın yürüyüş sırasında pelvis için stabil bir 
temel sağladığını göstermektedir. Bu nedenle mevcut çalışmanın yazarları, stabil bir pelvis yapısının alt 
ekstremite ile ilgili olası patolojilerin önlenmesine katkıda bulunacağını düşünmektedir. 

Anahtar Kelimeler: Biyomekani, Yürüyüş analizi, Kas kuvveti, Gövde
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INTRODUCTION

In terms of biomechanics, the human body is a 
multi-segmental structure that contains powerful 
interactions between adjacent segments. Interac-
tion between segments that are further apart may 
also hold a high significance for symptom-free 
musculoskeletal function (1). The pelvis, an import-
ant segment, situated in the centre of the body, 
connects the upper body to the lower limbs (2). This 
is due to the central location of the pelvis; it is also 
highly related to gait. 

Throughout the gait, the sinusoidal movements 
of the pelvic centre of gravity in the sagittal and 
frontal plane and the rotational movements in the 
transverse plane are considered normal, if they re-
main within certain limits, depending on the struc-
tural movements of the musculoskeletal system. 
In order to maintain the walking pattern properly 
and economically, control of the pelvis and hip joint 
must be provided by the surrounding muscles (3).

Trunk stabilization plays a key biomechanical role 
in minimizing the stress on the joint and maximiz-
ing the force production (4). An increase in body 
muscle force in this context may result in reduced 
energy consumption by reducing pelvic oscillations 
and to achieve a smooth gait pattern (5).

Interactions between the trunk and lower limbs 
are directly affected by pelvic joints, ligaments, 
and muscles. In the normal walking part, the pelvis 
moves by swinging forward and backward in the 
sagittal plane. This is at a total angle of 2-4 de-
grees. As a result of these movements of the pelvis, 
forward tilt and back tilt occur. The control of this 
4-5 cm movement of the centre of gravity in the 
frontal plane will be difficult to control in the weak-
ness of the pelvic and trunk muscles, and excessive 
tilting of the pelvis will occur, which is a patholog-
ical gait (6).

Trunk stability is defined as the ability to maintain 
active control of spinal and pelvic mobility during 
dynamic loading and static conditions (7). The 
structure that is effective on the pelvis and spi-
nal mobility is the trunk flexor and extensor mus-
cle groups. Adequate trunk muscle strength may 
provide a more stable pelvis and pelvic mobility. 
A stable pelvis structure can increase the integra-

tion between the upper extremity and lower ex-
tremity, thus promoting optimal force generation 
during sporting activities (8). Hence, we think that 
the relationship between pelvis and trunk muscle 
strength should be examined. In addition, in some 
of the studies in the literature, pelvic movements 
have only been evaluated in the sagittal plane and 
as a result, the effect of trunk flexor and extensor 
muscle strength on pelvic mobility has not been 
fully explained (9,10). The relationship between the 
mobility of the pelvis in all 3 planes and trunk mus-
cle strength in individuals without any pathology 
has not been examined. Therefore, the aim of this 
study is to investigate the relationship between 
trunk muscle strength and pelvic oscillations in all 
three directions. The second purpose of the study 
was to compare the pelvic mobility of male and fe-
male participants.

METHODS

Participants

This cross-sectional study was conducted at Gazi 
University, Department of Physiotherapy and Reha-
bilitation in 2018. Twenty-eight physically inactive 
individuals volunteered for the study (16 women, 
12 men; mean age 24.46 ± 2.97 yrs., height 172.03 
± 9.41cm, weight 67.78 ± 16.31 kg). Physically in-
active adults were defined as individuals who did 
not meet the physical activity recommendations of 
150 min/week of moderate-intensity exercise (11). 
To calculate the sample size required, the G*Power 
program (an α level of .05 and 80% of statistical 
power) and the data from the first 8 participants 
were used. The sample size was calculated for the 
primary outcome of flexor trunk muscle strength. 
The estimated sample size was 28 participants. In-
clusion criteria were as follows; (1) 18 years or old-
er, (2) free of back and lower-limb injury, (3) no no-
ticeable gait abnormalities. Subjects were excluded 
if they had lower extremity injuries within the last 
3 months or any neurological, musculoskeletal, and 
cardiopulmonary disorders. The individuals who 
were included in the study underwent analysis of 
pelvic movement and trunk muscular strength as-
sessment, respectively. All participants provided 
written informed consent, and the study was ap-
proved by the Ethics Committee of Gazi Universi-
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ty (Number: 77082166-302.08.01 Resaerch Code: 
2018-24).

Procedure

Gait characteristics and pelvic oscillation were 
measured while participants walked freely along a 
10-m walkway by using a wireless tri-axial accel-
erometer. Participants were allowed to walk with 
non-heeled casual shoes on firm surface. Analysis 
system was based on centre of mass using a wire-
less tri-axial accelerometer (G-Walk, BTS Bioengi-
neering S.p.A., Italy) that was attached to the 5th 
lumbar vertebra and tightened with Velcro™. The 
accelerometer data were wirelessly transferred by 
a Bluetooth system and analyzed with BTS G-stu-
dio software (BTS Bioengineering S.p.A., Italy) on 
a computer (12). The weight of the accelerometer 
was 37 g, with dimensions of 70 × 40 × 18 mm. 
The frequency of the accelerometer was from 4 
to 1000 Hz and sensor fusion was 200 Hz. Pelvic 
oscillation which has included all three planes (An-
terior-posterior tilt, lateral tilt, and rotational) was 
analysed by using BTS G-studio software program. 
G-walk is a reliable device for evaluating gait in 
healthy adults. The assessment of pelvic angles 
had moderate test–retest reliability (ICC: 0.463-
0.659) (13).

Isokinetic dynamometer was used to identify the 
flexor and extensor trunk muscular strength of the 
participants (Cybex Humac Norm Testing & Reha-
bilitation System, USA). Prior to the tests, isokinetic 
dynamometer calibration was automatically done 
by the device, and prior to the performances, body 
weight of the participants was measured with the 
dynamometer in passive mode to prevent the mea-
surement results from being affected by the body 
weight of the participant depending on gravity and 
it was eliminated. In the test position, the partic-
ipants were asked to step on the body apparatus 
and their feet were positioned on the designated 
area on the platform. The pelvic band was locked 
and placed right on the spina iliaca anterior supe-
rior. The height of the popliteal pad was adjusted 
by the motorized system in a way to correspond to 
the back of the knee joint of the participant. Af-
ter positioning the knees at 15°-20° flexions, thigh 
and tibial pads were fixed in a way to leave the 
patella behind. After adjusting the height of the 
scapular pad at the level of spina scapula, chest 

pad was positioned parallel to the scapular pad on 
the front (14). A total of 70° range of movement 
was defined for a concentric test (60° flexion - 10° 
extension). Subjects performed concentric trunk 
flexion and extension for 5 repetitions at 60°/s. 
The intrarater and interrater reliability of trunk 
flexion (0.89 to 0.95) and extension (0.80 to 0.92) 
isokinetic strength testing had been previously es-
tablished. Reciprocal concentric trunk flexion and 
extension peak torque measurements had good re-
liability with the isokinetic dynamometer in healthy 
subjects (15). (Figure 1 Measurement of isokinetic 
trunk muscle strength)

Statistical analysis

IBM Statistical Package for Social Sciences (SPSS) 
Statics Version 22.0 statistical software pack-
age was used in data analysis. Visual (histogram, 
probability graphs) and analytical methods (Kolm-
ogorov-Smirnov/Shapiro-Wilk’s test) were used 
to examine whether the variables showed normal 
distribution (16). For the variables with normal dis-
tribution, Pearson correlation analysis was used 
to examine the relationship between the variables 
in the study. For the variables not showing normal 
distribution, on the other hand, Spearman correla-
tion analysis was used. Mann Whitney U Test was 
used for the variables not showing normal distribu-
tion in the comparison of the measurement results 
for the male and female individuals. The statistical 
error level was set at p<0.05.

RESULTS

32 individuals who met the inclusion criteria were 
included in the study. 4 individuals who had pain 
during the evaluation had to leave the study, a total 
of 28 individuals completed the study. Descriptive 
data and isokinetic muscle strength values of the 
individuals are summarized in Table 1.

A negative and moderate correlation was found 
between the concentric strength of trunk flexion 
and anterior-posterior tilt (r=-0.419). A negative 
and excellent correlation was observed between 
the concentric strength of trunk flexion and lateral 
tilt (r=-0.768). A low to moderate correlation was 
detected between the concentric strength of trunk 
flexion and hip rotation (r=-0.383, r=-0.382 Table 
2).
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Figure 1. Measurement of Isokinetic Trunk Muscle Strength

A statistically significant relationship was not ob-
served between the concentric strength of trunk 
extension and anterior-posterior tilt. A negative 
and moderate correlation was found between the 
concentric strength of trunk extension and lateral 
tilt (r=-0.541, r=-0.462). A statistically significant 
correlation was not detected between the concen-
tric strength of trunk extension and hip rotation.

It was revealed that right (p=0.000) and left 
(p=0.001) lateral tilt of the females included in the 

study were statistically and significantly higher 
compared to the male individuals but there is no 
difference in hip rotation and anterior-posterior tilt 
between the male and female individuals (p>0.05 
Table 3).

DISCUSSION

This study aimed to investigate the relationship 
between trunk muscle strength and pelvis oscil-
lation in physically inactive individuals. Results 
of this study showed that concentric trunk flexor 
muscle strength was related at different levels in 
all three pelvic motion plans but extensor muscle 
strength was only associated with lateral pelvic tilt 
in the sagittal plane. In other planes, extensor trunk 
muscle strength was not related to pelvic motion. 
Also, female participants showed greater pelvic os-
cillation than male individuals. 

The pelvis and trunk structure are body segments 
that are integrated with each other. Collaboration 
between the pelvis and trunk plays a significant 
role during walking and performing daily activities 
(17). Unfortunately, there are few studies in the lit-
erature investigating the muscular and biomechan-
ical relationship between these structures. Steele 
et al. examined the relationship between lumbar ki-
nematic variability during gait and isolated lumbar 
extension strength in chronic low back pain. Their 
study revealed that significant correlations be-
tween transverse plane pattern variability and iso-
lated lumbar extension strength (18). The results 

Table 1. The Characteristics of The Subjects and Isokinetic Trunk Strength Values

Female (X±SD) (n=16) Male (X±SD) (n=12)

Body Weight (kg) 56.25±5.14 83.17±12.86

Height (cm) 165.50±4.19 180.75±6.96

Age (year) 23.56±2.94 25.67±2.67

CSOTF (PT/BW) (N-m) 117.69±52.30 211.42±73.19

CSOTE (PT/BW) (N-m) 200.50±70.54 368.25±117.18

PT/BW: Peak Torque / Body Weight. CSOTF: Concentric strength of trunk flexion. CSOTE: Concentric strength of trunk extension. N-m: Newton-meter

Table 2. The Relationship Between Isokinetic Muscle Strength and Pelvic Oscillation

 AP Tilt R AP Tilt L Lateral Tilt R Lateral Tilt L Rotation R Rotation L

r p r p r p r p r p r p

CSOTF -0.327 0.090 -0.419* 0.027 -0.768* <0.001 -0.678* <0.001 -0.382* 0.045 -0.383* 0.044

CSOTE -0.010 0.959 -0.035 0.860 -0.541 0.003 -0.462* 0.013 -0.094 0.634 -0.060 0.763

*p<0,05. CSOTF: Concentric strength of trunk flexion. CSOTE: Concentric strength of trunk extension. AP: Anterior Posterior. R: Right. L: Left.
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of the present study were similar to Steele et al. 
research, in addition, our study found not only the 
extensor muscles group but also the flexor muscles 
group correlated with pelvis movement. According 
to these results, we think that the main function of 
trunk extensor and flexor muscles is to control and 
restrict excessive pelvic movement.

As increased pelvic oscillations will indicate a pa-
thology, a rigid pelvis may demonstrate a trunk 
dysfunction. Especially low back pain patients have 
demonstrated more rigid sagittal and transverse 
planes coordination variability during walking com-
pared with healthy (17-19) Bagheri et al. aimed to 
investigate the effect of core stabilization exercise 
program on the trunk–pelvis kinematics during gait 
in non-specific chronic low back pain. The results 
suggest that exercise programs may specifically in-
crease transverse and frontal plane variability, indi-
cating improved motor pattern replication through 
these movement planes (20). Previous researches 
have shown that low back pain displays a reduced 
trunk muscle activation pattern during gait and 
strengthening these muscles will restore the move-
ments of the pelvis and spine (21). Altered pelvis 
biomechanics may also indicate different pathol-
ogies. Altered frontal plan pelvis kinematics have 
been demonstrated in patients with knee osteoar-
thritis (22) and lateral sway has also been related 
to the risk of falling in the elderly (23).

Walking is one of the most important locomo-
tor activities of healthy individuals and the pelvis 
provides the basis for optimal walking properties. 
Gait characteristics and kinematics may differ be-
tween genders (24). Identification and knowledge 
of walking features will allow early intervention for 
pathologies that may occur. Stansfield et al. exam-
ined the characterization of gender and speed-re-
lated changes in kinematic characteristics of gait 
and revealed that females have 6° higher pelvic 
anterior tilt, and 2° higher side-up pelvic obliquity 

compared to males. Stansfield concluded that dif-
ferences in muscular strength or muscular configu-
ration related to anatomical differences may have 
been the main reason for determining outcomes 
between genders (25). Bruening et al. aimed to 
investigate the sex differences in whole-body gait 
kinematics. Their results showed that in the frontal 
plane, women walked with greater pelvic obliqui-
ty than men and females had greater transverse 
plane pelvis rotation. Bruening et al. suggest that 
men and women use different control strategies re-
lated to walking energy economy during gait (26). 
Smith et al. reported greater pelvic obliquity and 
less vertical centre of mass (CoM) displacement in 
women compared with men. In the frontal plan pel-
vic obliquity has been recognized as a mechanism 
to decrease the energy requirement of walking by 
reducing the vertical summit of the CoM’s path 
during walking, such that the vertical displace-
ment of the CoM is reduced (27). Wall-Scheffler 
et al. suggest that women are rotating their pelvis 
through a greater angle than men, increasing their 
stride length, and reducing the number of strides. 
With a relatively larger pelvis, females can increase 
their stride length through rotation alone (28). Sim-
ilarly, Whitecome et al. examined the pelvic rota-
tion effect on human stride length. Their results 
showed that females demonstrated greater stride 
length than males due to increased pelvis rotation 
(29). Although greater pelvic obliquity in women 
may be beneficial, increased pelvic obliquity may 
not be suitable in terms of lumbosacral adaptation 
(27). Like several previous studies, we also found 
greater lateral tilt in frontal plan in females com-
pared with males. However, there is no difference 
in hip rotation and anterior-posterior tilt between 
male and female individuals. Sex differences may 
be related to differences in proportions of the body 
segments and musculoskeletal structure between 
males and females also different social and cultur-
al factors may have affected gait biomechanics. 

Table 3. Comparison of Male and Female Pelvic Oscillations

AP Tilt R˚ AP Tilt L˚ Lateral Tilt R˚ Lateral Tilt L˚ Rotation R˚ Rotation L˚

Female(n=16) 3.31±1.46 3.41±1.78 10.98±2.19 10.56±2.29 10.08±3.92 9.78±3.56

Male (n=12) 3.75±2.06 3.68±2.24 6.11±2.99 6.16±2.99 10.74±6.89 10.34±6.54

Asymp. Sig. 
(2-tailed) 0.816 0.889 0.000* 0.001* 0.853 0.982

*p<0,05 AP: Anterior-Posterior R: Right L: Left Asymp Sig:  Asymptotic Significance ˚: Degree
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However, more male and female participants are 
needed to generalize the findings in this current 
study.

Walking requires metabolic energy, primarily to 
move the body’s centre of gravity and generate 
muscle force (30). Higher energy cost of move-
ment is often mentioned as a lower economy of 
gait. The reduced economy of gait has been relat-
ed to impaired function and fatigue. Alterations in 
the biomechanics of gaits, such as increased pel-
vic obliquity, frontal plan pelvic tilt, and transverse 
plan rotation affect walking energy consumption 
(5). In 1953, Saunders and colleagues published a 
highly critical article and outlined that the deter-
minants of gait as six kinematic events including 
pelvic rotation, pelvic obliquity, stance knee flex-
ion, foot and ankle mechanisms, and tibiofemoral 
angle. These determinants help to reducing ver-
tical displacement of the body’s centre of mass. 
Saunders et al. suggested that reducing the ver-
tical displacement of the body’s CoM would result 
in a more energy-efficient gait (31). Although this 
concept has been widely accepted, particularly in 
clinical biomechanics, it has not been meticulously 
tested until recently. Contrary to the view of Saun-
ders et al. several research hypothesized that met-
abolic cost would not decrease when humans walk 
with reduced vertical CoM displacement (32-34). 
Ortega et al. examined the metabolic cost and me-
chanical energy exchange, for humans walking with 
small vertical movements of the centre of mass 
compared with walking with normal centre of mass 
movements. Results of this study showed that in 
flat-trajectory walking, subjects reduced centre of 
mass vertical displacement by an average of 69% 
but consumed approximately twice as much met-
abolic energy (33). The vertical movements of the 
body’s CoM allow the exchange between potential 
and kinetic energy during each stride and thereby 
reduce mechanical work required to move body’s 
CoM (35). It could be speculated that an interme-
diate amount of vertical displacement is optimal 
for the passive exchange of energy and minimiz-
es energy expenditure during walking (36). Energy 
consumption was not primarily evaluated in the 
current study. However, in light of previous studies, 
it is not possible to decide the walking economy by 
examining only the pelvic movement of individuals. 

All other body segments should be analyzed in the 
evaluation of the gait economy.

The present study has some limitations, the main 
limitation of this study is that young and physi-
cally inactive adults will be included, thereby, the 
generalizability is limited. If individuals or athletes 
with different activity levels were included, we 
might have seen different results. Second, we did 
not evaluate intersegment trunk–pelvis kinemat-
ic pattern during gait. Some researchers suggest 
that upper and lower segments may acts different-
ly during trunk motions. Another limitation of our 
study is that energy consumption was not evalu-
ated in addition to pelvic mobility during walking. 
Therefore, it is difficult to interpret the change in 
energy consumption due to pelvic mobility.

Trunk muscle strength was found to be associated 
with pelvic oscillations, and these pelvic oscilla-
tions constitute the mobility of the pelvis. Our find-
ings suggest that increase in trunk muscle strength 
provides a stable basis for the pelvis during walk-
ing. Therefore, authors of the current study think 
that stable pelvis structure will contribute to the 
prevention of possible pathologies related to the 
lower extremity. Optimal gait pattern involves mul-
tiple determinants. Synchronization of all related 
body segments, proper biomechanics and muscular 
coordination are required for the appropriate gait 
cycle. Although trunk muscle strength and pelvic 
mobility are important determinants of gait, they 
are insufficient to evaluate the whole gait cycle. 
Future research should simultaneously examine the 
relationship between pelvic mobility and muscular 
activation, kinematic analysis, and energy expendi-
ture during walking.
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