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Chronic Low back pain (CLBP) is one of the most common musculoskeletal 

disorders. Previous studies have shown a link between spine and lower limb movement. 
The link between modified pelvic and lower limb range of motion (ROM) and LBP may 
vary by gender. Therefore, the purpose of this study was to explore gender differences 
in pelvic and lower limb kinematics during walking in people with chronic low back 
pain. Participants included 20 individuals with chronic LBP (10 males). Pelvic and 
lower limb kinematics was tracked using a seven-camera motion capture system. One-
way ANOVA was conducted to compare the range of motion of pelvis, hip, knee and 
ankle joints during walking between males and females. Male group showed less pelvic 
(P= 0/02) and ankle (P= 0/03) ROM in sagittal plane compared to female. Additionally, 
male displayed more ankle ROM in transverse plane (P= 0/01) in comparison with 
female. Males with LBP displayed less motion in the sagittal plane and more motion 
in the transverse plane in the dominant limb in comparison with females. Therefore, 
gender specific design of interventions for pelvic and lower limb should be considered 
to improve CLBP.

Abbreviations: CLBP: Chronic Low Back Pain; ROM: Range of Motion; LBP: Low Back 
Pain; LPSIS: Left Posterior Superior Iliac Spine; RPSIS: Right Posterior Superior Iliac 
Spine; RASIS: Right Anterior Superior Iliac Spine; LASIS: Left Anterior Superior Iliac 
Spine; JCS: Joint Coordinate System; SCS: Segmental Coordinate Systems; HS: Heel 
Strike

Introduction 
Low back pain (LBP) is one of the most common musculoskeletal 

disorders affecting more than 80% of people in their lives [1]. 
Considering the fact that movement impairments might contribute 
to the development of musculoskeletal dysfunction and low back 
pain [2], comparison of movement in people with and without LBP 
is very important.  This determines the mechanical factors that may 
be related to the development and persistence of LBP. Laird et al 
[3] demonstrated that people with LBP had a different lumbopelvic 
movement resulting in reduced lumbar range of motion and to 
move more slowly [3]. Previous study found a link between spine 
and lower limb. Accordingly, the spine has been modeled as an 
inverted pendulum in which a slender column supports the load of  

 
the upper body [4-6]. This inverted pendulum requires a shifting 
base to maintain its stability which is the pelvis bone and lower 
limbs [4,5]. Therefore, the lumbo-pelvic-hip-knee complex is an 
important kinematic chain for spine [7]. As a common point of view 
in previous findings, people with LBP experience modified pelvic, 
hip, knee and ankle kinematics in clinical tests and during walking 
[7-11]. 

The link between modified pelvic and lower limb ROM and LBP, 
however, may vary by gender. A greater proportion of men than 
women displayed lumbo pelvic movement impairment are 2-3 
times more prevalent in males than females [12]. Regarding muscle 
strength, joint laxity, tissue extensibility and muscle activation 
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patterns, differences exist between males and females [13-17]. 
These factors impact the biomechanical variables of the lower 
limb and may cause biomechanical differences in the functional 
activities such as walking between males and females. In healthy 
individuals, altered hip and trunk movement have been reported 
when comparing movement patterns between males and females 
during lifting style [18,19], reaching task [20], and walking [21]. The 
effect of gender differences in CLBP population on biomechanics 
remains unclear. The few studies that have investigated hip and 
pelvic movement patterns between LBP males and females indicate 
less active hip medial rotation and earlier lumbo pelvic movement 
during some clinical tests such as hip rotation in males compared 
to females [22,23]. Moreover, men with LBP demonstrated 
significantly increased single limb support time and double limb 
support time on the dominant limb during walking [24]. 

Gender differences in spatiotemporal parameters, tissue 
stiffness and lumbo pelvic pattern may alter lower limb kinematic 
patterns during walking between men and women. A better 
understanding of possible gender differences in movement of lower 
limb during gait could assist in better directing examination and 
intervention of people with LBP and improve functional outcomes. 
However, no studies have reported on gender differences in lower 
limb kinematics in CLBP. Therefore, the purpose of this study was 
to examine Gender differences in pelvic and lower limb kinematics 
during walking in people with chronic low back pain.

Material and Method
Study Participant

The study participants included 20 patients with CLBP (10 men 
with   36.72 ± 8.8   years of age, height of  174.65 ± 5.2 cm and 
weight of 71.54 ± 9.9  kg and 10 women with   38.70 ± 9.2 years 
of age, height of  163.41 ± 5.3 cm and weight of 63.90 ± 6.4  kg). 
Ethical approval was obtained from University of Social Welfare and 
Rehabilitation sciences ethics committee. The inclusion criteria for 
the LBP participants consisted of a medical diagnosis of nonspecific 
LBP, pain and symptoms persisting for longer than 3 months, 18-
65 years of age, and ambulation without a walking aid. Participants 
were excluded if they had LBP as a result of traumatic or structural 
conditions, LBP with neurological symptoms or pain radiation 
in the lower extremities, spinal tumors or infections, and other 
neurological and/or musculoskeletal disorder unrelated to LBP.

Procedure

Three-dimensional motion capture was performed with a seven 
camera motion tracking system using Qualisys Track Manager 

Software (version 2.7) at a frequency of 100Hz. Retro reflective 
markers were placed to track the motion of pelvis, hip, knee and 
ankle. The markers on the pelvis were placed on the left posterior 
superior iliac spine (LPSIS), right posterior superior iliac spine 
(RPSIS), right anterior superior iliac spine (RASIS) and left anterior 
superior iliac spine (LASIS). The markers on lower extremity were 
placed on greater trochanter, epicondyle, malleolus, calcaneus and 
first and fifth metatarsal head. Four rigid bodies with four fixed 
markers were strapped to the thigh and shank. In this study, the 
kinematics involved the average of five trials of walking across 
a seven-meter walkway for every participant. The participants 
were instructed to direct their attention straight ahead and not to 
target the pathway test. All participants were given adequate rest 
time between trials in order to minimize the effect of fatigue. Heel 
strikes were estimated using the minimum in the vertical velocity 
of the midpoint between the heel and toe markers, and toe off at 
the maximum in the vertical velocity of the heel marker [25-27]. 
A stride cycle was defined as the distance between adjacent heel 
strikes of the same leg. The dominant lower limb was determined 
by the foot used to kick a ball with maximum strength. The right 
side was found to be dominant for all participants.

Data Processing

Three dimensional joint rotations were calculated according 
to the Joint Coordinate System (JCS). JCS is established based on 
the two Segmental Coordinate Systems (SCS) [28]. Kinematic data 
were processed using Visual 3D software (produced by C-motion 
Company, USA). The specific parameters of interest were range of 
motion and angles at the time of heel strike (HS) during the gait 
cycle in sagittal, frontal and transvers planes.

Statistical analyses were completed using SPSS 22 (SPSS, 
Chicago, IL). Normality was assessed for the dependent variable. 
Statistical differences in kinematic parameters between groups 
were determined using Analysis of Variance (ANOVA). An alpha 
level of 0.05 was used to determine a significant value.

Result
Our results showed that there were no statistical significant 

differences between male and female groups in terms of speed 
and age but height, weight and stride length were significantly 
difference. Stride length was normalized to the height and this ratio 
was no statistical significant differences between male and female 
(Table 1). (Table 2) displays the range of motion (ROM) for pelvis, 
hip, knee and ankle in the sagittal, frontal and transverse planes 
during walking.
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Table 1: Demographic and spatiotemporal data.

Female Male P-value

Age  (year) 38.70 ± 9.2 36.72 ± 8.8 0.60

Height (CM) 163.41 ± 5.3 174.65 ± 5.2 0.05

Weight (Kg) 63.90 ± 6.4 71.54 ± 9.9 0.01

BMI (Kg/M2) 24.54 ± 2.44 23.31 ± 2.56 0.27

Speed (M/Cm2) 0.1± 0.1 0.4 ± 0.1 0.01

Stride Length (M) 0.01 ± 0.0 0.01 ± 0.01 0.93

Table 2: Mean (SD) of Pelvis, Hip, Knee, Ankle Peak to Peak Range of Motion (ROM) during Gait. *P value <0/05.

Female Male

Sagittal Frontal Transvers Sagittal Frontal Transvers

Pelvic *8.7 
-4

2.8 
-0.8

14 
-6.3

5.2 
-1.8

2.9 
-1.3

9.6 
-3.5

Hip 37.4 
-3.6

13.2 
-3.3

16.9 
-4.8

37 
-5.1

14.4 
-3.2

16.4 
-4.4

Knee 60.5 
-7.6

9.6 
-3.7

15.1 
-7

59.7 
-4.8

9.1 
-3.6

18.8 
-6.9

Ankle *27.2 
-4.5

14.5 
-3.5

*10.7 
-2.9

23.3 
-3

15.2 
-4.4

14.9 
-2.9

a.	 Pelvic: Pelvic kinematic of male in all three planes were 
similar to. However, the only significant difference was the 
pelvic ROM in the sagittal plane where pelvic moves less in male 
compared to the female group. They showed 3.5 degrees of less 
pelvic tilt (P = 0.02) 

b.	 Hip: Hip kinematic of male in all three planes was similar 
to female. 

c.	 Knee: Knee kinematic of male in all three planes was 
similar to female. 

d.	 Ankle: Ankle kinematic in the male group in the sagittal 
plane shows less ROM in comparison with the female group 
and in the transverse plane shows more ROM compared to 
female group. They showed 4 degrees (14.7%) of less ankle 
dorsiflexion (P = 0.03) and 4.2 degrees (28.18%) of more ankle 
adduction (P = 0.01).

Discussion

The purpose of this study was to compare pelvic, hip, knee and 
ankle kinematics during gait between male and female with chronic 
low back pain. The results of the current study indicated that the 
dominant limb tendency in male was less anterior tilt ROM in pelvic 
and less dorsiflexion ROM in ankle and more ankle adduction ROM 
in the transvers plane compared to the dominant limb of female 
during walking. To our knowledge, this is the first time that pelvis 
and lower limb kinematics have been evaluated during walking in 
relation to sex difference in LBP. This study suggests that LBP is 
associated with differences in gait kinematic variables in males that 
do not exist in females. Stride length differences did not appear to 
explain the gender differences in movement during walking. When 

the stride length measured was normalized to height, there were 
no statistical differences between male and female. Muscle length 
may cause the limited ROM in sagittal plane in male compared to 
female. Healthy men demonstrate decreased lower limb muscle 
length compared to women [29-32]. If muscle length of hamstring, 
rectus femoris, iliopsoas and triceps sure a were decreased in male 
compared to female, it could account for the differences in sagittal 
plane differences in ROM.

Prior investigators have also suggested a significant gender 
differences in hip and lumbopelvic pattern in low back pain during 
hip rotation test. They showed more and earlier pelvic rotation 
during the clinical test in male [24,33]. The limited hip rotation 
was the main reason, why pelvic rotation in the transvers plane has 
been increased in male LBP. In the current study pelvic tilt in sagittal 
plane was significantly less in LBP male than female, but in contrast 
to previous studies, pelvic rotation and hip flexion and rotation 
were not statistically significant. The clinical measures of active 
and passive ROM in those studies are end-range movement in non-
functional, open-chain movement. However, the differences in end-
range passive hip rotation motion are not related to the movement 
of the hip and pelvic during functional closed-chain activities such 
as walking in the current study. Additionally, ankle ROM sagittal 
plane in men LBP is less in comparison with women. It is in consist 
with the study of Gabriel et al that found, dynamic joint stiffness of 
the ankle in the sagittal plane in male is higher than female during 
walking in healthy participants [34]. Muscle activation pattern and 
properties of triceps sure are some muscle-related factors that 
can explain gender differences dynamic stiffness of ankle [34]. 
Regarding the relationship between LBP and plantar flexor length, 
we believe male LBP are more affected by plantar flexor stiffness. 
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Several studies have reported gender differences in lower 
limb tissue stiffness [32,35,36] that may account for differences in 
sagittal plane ROM especially in pelvic and ankle during walking. 
Stiffness is defined as the ratio of force or stress applied to the tissue 
to the change in length or strain of the tissue [37]. Additionally, 
differences in activation patterns of the hip and knee muscles and 
decreased recruitment or later activation of the oblique abdominal 
muscles [38,39] may explain why the ROM of pelvic, knee and ankle 
differs between men and women in the current study. Men in this 
study have demonstrated greater ankle and knee motion than 
women in transvers plane that it may be a compensatory strategy to 
the decreased available sagittal ROM. Sex differences investigation 
in foot and ankle has also shown higher medial and lateral arches in 
females than males [40,41] that can be another explanation for the 
increased foot transvers motion in male during gait in the current 
study.

Regardless of the underlying mechanism(s) contributing to the 
sex differences in pelvic and lower limb motion during walking, the 
results of the current study suggest that walking and modified ROM 
may be more problematic for male than female with LBP. Therefore, 
it could also indicate differences in the focus of treatment for men 
and women with LBP. If modified pelvic and lower limb ROM during 
gait is related to gender in LBP, changing in ROM and stiffness can 
be an effective way to reduce LBP symptoms in male. 

Study Limitations
The first limitation of this study is that walking is not the only 

complex function of individuals during everyday life, and gender 
differences in pelvis and lower limb kinematics should preferably 
be evaluated in other functional postures such as sit-to-stand and 
stepping. Secondly, it is necessary to examine the joint torque, 
muscular activity and muscle strength in the lower limb and find 
its association with the lower limb kinematics in men and women. 
Thirdly, mechanisms producing different pelvic and lower limb 
movement during walking between men and women cannot 
be confirmed by this study. Investigation of kinematics during 
walking may have provided additional information to improve 
our understanding of the gender differences in LBP. However, in 
our opinion, the results of this study are important. Lower limb 
movement has been becoming a considerable issue in LBP research. 
This is the first study, to our knowledge, to document differences in 
pelvic and lower limb motion between men and women in LBP. The 
findings of this study improve our understanding of factors that 
could influence the development, persistence and treatment of LBP 
and may have important clinical implications. 
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