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The asymmetrical loading applied to legs was proposed as a risk factor for low back pain
development. However, this proposed mechanical risk factor was not investigated in the athletes with LBP engaged in rotational demand activities. The aim of the present study was to
examine symmetry of weight-bearing in patients with rotational demand activities compared
to that in healthy people during gait. In total, 35 subjects, 15 males with LBP and 20 males
without LBP, participated in the study. The participants were asked to walk 12 trials in gait
lab. Forces applied to legs were recorded by a force plate. Then, the peaks of anteroposterior,
mediolateral, and vertical forces were measured. Next, the asymmetrical loads applied to the
legs were calculated. The results of our study demonstrated that people with LBP exhibit more
asymmetry of vertical peak forces in heel strike and mid-stance. They also exhibited more
asymmetry of loading in the anterior direction. But the mean values of ASI of mediolateral and
posterior forces in these participants were not signiﬁcantly diﬀerent compared to those in the
control group. It can be concluded that, in comparison to the healthy subjects, patients with
LBP walk with a greater magnitude of asymmetrical weight-bearing at a comfortable speed.
Keywords: Low back pain; gait; athletes; asymmetry; force plate.

1. Introduction
Low back pain and its associated impairments are a common cause of disability in
societies.1 So, low back pain is the ﬁrst reason of referral to the physical therapy
clinics.2 Nonspeciﬁc chronic low back pain is known as low back pain with duration
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of more than 3 months symptoms without pathological ﬁndings.3 Low back pain is
responsible for heavy direct and indirect burden on societies. Although it is known
as a multifactorial problematic condition,4–8 mechanical factors have been proposed
as the prominent factor by some authors.9–11
In the previous studies, compensatory motion in the lumbar spine, asymmetrical
motion in the lumbar spine and lower extremities, and decrease in endurance and
strength are among the mechanical factors reported to be related to low back pain.12–17
Low back pain symptoms have been frequently reported in athletes who play
rotational demand sports activities such as tennis, golf and etc.18,19 Any musculoskeletal pain syndrome such as low back pain can result in limiting their level of
sports activities and even leaving the activities.
By determining the potent mechanical impairments and correcting them, we
would be able to help them. For this reason, some mechanical characteristics such as
kinematic, kinetic, and myoelectrical parameters were investigated in these patients
groups.20–27
The asymmetrical loading, as a kinetic parameter, on the lower extremities in
people with musculoskeletal disorders such as low back pain was given attention by
some examiners.28–30 It has been proposed that asymmetrical weight bearing distribution might be associated with asymmetrical loading in the lumbar spine tissues
that can eventually cause low back pain symptoms.30,31 Therefore, examining the
pattern of loading on the lower limbs during functional activities, such as gait, can
be an important purpose of low back pain studies.
Although asymmetrical motions of the lumbar spine and lower limbs were
reported in the previous studies,26,27 to date, no study has examined whether
asymmetrical loading exists in athletes with low back pain who have rotationrelated sports activities or not. So, the aim of the present study was to clarify what
diﬀerences may exist in the pattern of weight-bearing distribution of athletes with
low back pain in comparison to healthy people during gait.
2. Materials and Methods
2.1. Subjects
Our study was approved by Baqiyatallah University of Medical Sciences Research
ethics committee, and subjects provided written informed consent. In total, 35
subjects including 15 people with low back pain and 20 people without any experience of low back pain were enrolled in the study. Patients had nonspeciﬁc chronic
low back pain,32 diagnosed by a physician. Pain symptoms in the patients group
were related to their speciﬁc activities. They had minimum 2 sessions of sports
activities such as tennis, golf, and squash. Healthy subjects were recruited from the
staﬀ members of our university. Exclusion criteria included a history of spine, hip
and knee surgery, obvious thoracic kyphosis and spinal scoliosis, rheumatological
and immunological disease, spinal infection and tumor, and degenerative joint
disease in the lumbopelvic and lower extremities joints.
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Table 1. Demographic characteristics of groups.

Demographic variable

Healthy group
Group with LBP
Degrees of
(N ¼ 20) Mean (SD) (N ¼ 15) Mean (SD) freedom (39), p-value

Age (years)
Height (m)
Weight (kg)
MBI (kg/m2 )
Duration of LBP (month)
Intensity of pain
Oswestry score
Fear-avoidance
during physical activity
Fear-avoidance during work
Habitual physical activity

29 ( 5.7)
1.77 ( 0.06)
74.9 ( 11.3)
23.8 ( 3.4)
NA
NA
NA
NA

31.5 ( 7.7)
1.77 ( 0.06)
80.5 ( 11.4)
25.6 ( 3.7)
20 ( 18.2)
2.2 ( 2.0)
15.2 ( 9.7)
14.2 ( 5.6)

NA
NA

16.6 ( 8.5)
9.2 ( 1.3)

df ¼ 33, p ¼ 0:25
df ¼ 33, p ¼ 0:05
df ¼ 33, p ¼ 0:87
df ¼ 33, p ¼ 0:05

A short questionnaire related to demographical characteristics of subjects was
obtained from all the participants. The participants with low back pain also completed a visual analog scale questionnaire,33 a Baecke habitual physical activities
questionnaire,34 an Oswestry disability questionnaire,35 and a fear-avoidance
questionnaire.36 Information about these questionnaires is shown in Table 1.
2.2. Test
The participants were asked to walk 12 trials in gait lab with 10 m distance with a
comfortable speed.
2.3. Instruments
We used a Kistler force plate to record the applied loads on the limbs. The data of
the force plate were recorded with a frequency of 120 Hz. Then, the data were
ﬁltered using a Butterworth ﬁlter with cut-oﬀ frequency of 10 Hz. For each trial, the
peaks of the forces in vertical, anteroposterior, and Mediolateral directions, applied
on dominate and nondominate legs, were determined (Fig. 1). We also used a
motion analysis system to record the kinematic features of each trial test. Figure 1
shows a sample of peak forces applied on a leg.
In the following, the side-by-side asymmetry of applied loading on lower limbs
was determined for each participant, according to the asymmetry index measure.37
This index was proposed by Herzog et al. as shown below:
ASI ¼ 2

X right  X left
 100:
X right þ X left

2.4. Statistical analysis
We have used SPSS software, version 21, for our statistical analysis. As the K–S test
revealed that the data were normally distributed, we employed the independent
t-test to compare the two groups.
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Fig. 1. The Mediolateral (|), anteroposterior (|), and vertical forces (|) applied on the leg of a
subject.

3. Results
As the demographical results are demonstrated (Table 1), there was no signiﬁcant
diﬀerence between two groups regarding their age, height, weight and BMI (p-value
> 0:05).
With regard to spatiotemporal variables (Table 2), there was no signiﬁcant
diﬀerence in mean values of velocity, stride length, and cadence of dominant side
between healthy participants and patient participants (p-value < 0:05).
The results also show that the patients group walked with more side-by-side
asymmetry in cadence and walking speed of the test compared to the control participants (p < 0:05).
Table 3 summarizes the mean values of ASI of loads applied on the legs in
three directions. The kinetic variables revealed that in the vertical direction, the
LBP group had a greater magnitude of asymmetry in weight bearing in heel strike
(Fz1 ) and mid stance (Fz2 ) of the tests (p-value < 0:05). But the amount of ASI
of peak of vertical loading during push oﬀ (Fz3 ) was not diﬀerent between two
groups.
Table 2. Spatiotemporal variables of groups (dominant leg).

Stride length (m)
Velocity (m/s)
Cadence (steps/min)

Patients group

Healthy group

p Value

1.24  0.06
1.1  0.1
111.2  8.8

1.28  0.12
1.1  0.2
103.1  13.2

0.23
0.35
0.06
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Table 3. Amount of ASI for anteroposterior, Mediolateral and vertical peak forces.
Variable

Walking
Stride
speed
Cadence length

Stride
time

Fz1

Fz2

Fz3

Fy

Fx1

Fx2

Patient group 6.3  4.8 4.2  4.8 2.4  1 4.2  4.8 5.7  3.1 4.1  4.4 3.6  1.9 9.9  7.4 15.7  11.1 9.4  8.7
Healthy group 1.5  1.8 1.7  1.6 2.3  2 2.6  3.5
3  3.1 1.8  1.1 2.3  2.4 15.9  21.8 8.7  7.4 12.5  9.4
p-value
0.00
0.04
0.82
0.27
0.02
0.04
0.17
0.34
0.04
0.36

Fz: vertical force, Fy : Mediolateral Force, Fx : anteroposterior force.

As Table 3 shows, the amount of ASI of peak of anterior (Fx1 ) and posterior
(Fx2 ) force in the LBP subjects compared to the healthy subjects were 15.7  11.1,
8.7  7.4 and 9.4  8.7, 12.5  9.4, respectively.
The result of our study shows that in the Mediolateral (Fy) direction, the mean
value of ASI in the LBP people was 9.9  7.4 compared to 15.9  21.8 in the healthy
people (p-value ¼ 0:34).
4. Discussion
Low back pain and its associated impairments are a common reporting musculoskeletal disorder experienced by most of people.38
Although these impairments are multifactorial conditions,1,6,8 in most cases
mechanical factors are the prominent factors in the development of symptoms.10
Manifestation of mechanical LBP is exacerbation of symptoms by physical activity
and alleviation of symptoms by rest.10 Therefore, various investigators addressed
mechanical risk factors in LBP people in their studies.
The prevalence of LBP in athletes who were engaged in rotational demand sports
activities was also reported a lot. So, the relationship between LBP and some mechanical risk factors in this patient group was studied.16,20–24,26,27,39 The literature
reveals asymmetrical kinematic variables of lower limbs movements in athletes with
rotational sports activities who had LBP.26,27,39 But to date, there is no information
regarding the weight-bearing asymmetry during walking in these patients. While
asymmetrical loading on the lower limbs during functional activities such as walking
and sit-to-stand is known as a cause of musculoskeletal syndromes like
LBP,30,31,40,41 it has been believed that asymmetrical loading can be a cause of some
problematic progressive degeneration and correlated morbidities such as osteoporosis, osteoarthritis, scoliosis and muscle atrophy.42 So, this mechanical risk factor
has been given attention in people with musculoskeletal problems such as the LBP
and amputation.41–43 Therefore, the aim of present study was to investigate the
symmetry of loading applied on the legs of patients with LBP who played rotational
demand sports activities.
Figure 1 shows a sample of anteroposterior, Mediolateral and vertical loading
applied on a leg during gait.
To date, symmetry of weight-bearing during gait and standing has been investigated in healthy and LBP groups.30,31,41 Burnett and et al. demonstrated that
1750086-5
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healthy people walk with symmetry of loading on the legs.31 In two other studies,
patients with LBP were compared with healthy people. The results of these studies
were inconsistent with each other. Children and associates observed that people
with LBP had more asymmetry of loading on legs compared to healthy people
during standing.41 But, Zahraee et al. did not see any signiﬁcant diﬀerence in the
ASI of the forces applied on legs between people with and without history of LBP.30
Although there was no signiﬁcant diﬀerence between the LBP people and the
healthy participants of the current study in the mean values of ASI of peak of forces
in Mediolateral and posterior directions, the results of our study were more consistent with those of Child et al. study.41 We observed that the LBP people walked
with more asymmetry of vertical loading during heel strike and mid-stance phases of
the test. The asymmetrical walking speed and cadence of the legs which were observed in the patients group could be a reason for unequal forces applied on the legs.
Our results may be important for clinical situation and clinicians who work on
LBP of athletes of sports such as golf, tennis, and squash. The asymmetrical weightbearing of the individual with LBP can be a biomechanical risk factor which can be
associated with asymmetrical loading on the lumbopelvic soft tissues. This pattern of
loading has been proposed as a mechanism in the development of micro-trauma and
eventually macro-trauma. It was proposed that the repetition of asymmetrical loading
can result in the persistence of LBP symptoms. Therefore, correction of this impairment must be given attention in general population and athletes with LBP.
As the results exhibited, our ﬁndings were in contrast to those of Zahraee et al.
study. One reason may be related to the participants of the studies. In our study,
only males participated. But, all participants of the Zahraee et al. were females and
their speciﬁc tasks were not cleared. In addition, they believed that no diﬀerence
between groups could be related to the fact that asymmetry in load bearing was not
a symptom among their participants.30
Finally, there are some potential limitations in our study. First, we only measured the forces applied on lower limb during gait. It is recommended that in the
future researches, the moment and forces applied on the leg during gait and other
functional activities be examined. Second, diﬀerences in weight-bearing asymmetry
between males and females were not investigated in the study. We recommend that in
the future studies, sex diﬀerences be examined. Third, limited athletes with LBP
participated in the study. It seems that more participants were required. There is hope
that future studies would pay more attention to these limitations.
5. Conclusion
The LBP group exhibits more asymmetry of vertical loading during gait in heel
strike and mid-stand phases. The LBP group also exhibits more asymmetry of peak
anterior loading on the legs during gait than the healthy people. It can be concluded
that the asymmetry of weight-bearing can be a reason for LBP symptoms in athletes
with rotational demand activities.
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