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Research Paper: Local Asymmetry and Global Sym-
metry During Jogging in Young Male Athletes

Purpose: Evaluation of joints behavioral symmetry of the lower limbs to produce a smooth, 
rhythmic movement is one of the topics in the field of biomechanics of running. This study 
investigated joints local and global symmetry while jogging in young male athletes. 

Methods: This was a quasi-experimental study. Random sampling method was used and the 
participants of the study included 15 healthy young male athletes (Mean±SD age=27.14±3.67 
years, Mean±SD height=176.57±5.06 cm, Mean±SD weight=69.84±6.13 kg). A 6-camera 
motion analysis system synchronized with 2 force plate devices and a 3D Marker-set were used 
for data collection. Participants ran with 155 bpm step frequency controlled by a metronome. 
Kinematic and kinetic parameters were calculated using inverse dynamics method and the results 
were normalized based on body weight and 100% running gait cycle. Paired student t-test at the 
significance level of 0.05 was used for determining the differences between the selected peaks 
of ankle, knee and hip joints moment of the dominant and Non dominant limbs. The principal 
component analysis technique was used on the support phase of the sagittal plane joint moment 
in order to compare and evaluate functional asymmetry and identify each joint (local symmetry) 
and lower limb actions (global symmetry). SPSS was used for statistical analysis. 

Results: Based on the findings, there were no significant differences in spatio-temporal 
parameters of the dominant and Non dominant limbs. Although, principal component analysis 
detected different functional tasks for similar joints, the same tasks were identified for the lower 
limbs using this method. 

Conclusion: It seems that local asymmetry and global symmetry occurs during jogging in young 
male athletes and central nervous system compensatory mechanisms might play an important 
role in this matter.
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1. Introduction

enerally, gait symmetry is defined as a 
perfect agreement between the actions 
of the lower limbs [1]. On the other 
hand, some studies consider the move-
ments symmetrical when the measured 
values of lower limbs are identical or 

their differences are not statistically significant [2]. 
However, despite different definitions, the main idea 
for elaborating the concept of symmetry in movements 
like walking and running gait, seems to be that both 
limbs behave identically [1, 3, 4].

The limbs are expected to have the best fit to produce 
a rhythmic and smooth movement. Thus, studying the 
symmetry related to running is important. Asymmetry 
is frequently recognized among the pathological symp-
toms of running [5, 6]. Therefore, any disturbance in 
running may affect the assumed symmetry among the 
lower limb. Thus, it is important for therapists and ed-
ucators to consider that running could be symmetrical 
or asymmetrical in healthy individuals. It could also be 
essential in planning training programs, evaluating the 
gate, and providing therapeutic prescriptions for patients 
who need the rehabilitation for one or both lower limbs, 
as well as designing artificial limb.

 Investigating running symmetry is important in terms 
of research methodology and clinical study. In the field 
of research, the symmetry between the lower limbs is 
considered as default for many biomechanical studies. 
For example, assuming the lower limbs function sym-
metry causes a significant reduction in data collection 
and, subsequently, data analysis [1]. Nevertheless, the 
unilateral evaluation method fails to examine the limbs 
functions and mutual effects on themselves, and may 
cause problems in the evaluation. Given the probable 
functional differences between the upper and lower 

limbs [1], it is necessary to consider the effect of sym-
metry in the research methodology, and mention which 
limb has been evaluated.

Clinically, walking symmetry/asymmetry is a key point 
in the studies of diseases and abnormalities. In gener-
al, the lower limb malfunction caused by diseases and 
anomalies negatively affects the walking symmetry [1, 
3, 4]. In such condition, walking symmetrically is con-
sidered to evaluate the extent of malfunctioning in the 
patient. Consequently, achieving a complete symmetry 
or reducing the rate of walking asymmetry in disabled 
patients, has been used as a method for assessing the ef-
fectiveness of the applied treatment model before and 
after rehabilitation [7, 8].

Few studies have been conducted on symmetry of run-
ning. Generally they have focused on pathological as-
pects and considered the harmful risks for this phenom-
enon. In general, it seems that the more than 5% increase 
of ground reaction force peak could increase the risk of 
tibia injuries, which in turn can increase the risk of lower 
limb injuries in the long-term [9]. However, a survey on 
kinetic symmetry on female runners has shown no rela-
tion between asymmetry and history of injury [10].

A disputing subject in running symmetry is the domi-
nant and non-dominant limb and the differences between 
their functions during running. In fact, limb dominance 
is the tendency to only use the limb of one side to per-
form certain tasks that are identified in the lower limbs 
through methods such as preferred leg to start walking or 
running, kicking a ball, or hopscotch [1]. Very few stud-
ies, in this regard, have examined the functional differ-
ences between dominant and non-dominant limb and the 
concept of functional asymmetry in gait. For example, 
Sadeghi et al. reported that at normal walking speed, the 
upper and lower extremities have different functions, as 

G
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Highlights 

● It seems that in slow jogging joint show similar lower limbs kinetics. 

● Local gait asymmetry and global gait symmetry suggested for slow jogging .

Plain Language Summary 

Symmetry is one of the important issues in gait biomechanics, as a risk factor of lower limb injuries during jogging. 
The previous studies have not provided a thorough commentary on this topic, so in the present study we consider this 
issue. Our general findings indicate that lower limbs of athletes during jogging probably show symmetrical behavior.
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control and progress are concerned, which has been sup-
ported by other studies [1, 2]. 

Sadeghi also reported local asymmetry (at the joints) 
and global symmetry (at the limbs) in healthy young 
men during normal walking, applying principal com-
ponent analysis [11]. However, the significant point in 
this case is the development of functional differences be-
tween joints and lower limbs, while running. In general, 
running involves more pressure on the musculoskeletal 
system than walking, which results in a more complex 
interaction of the musculoskeletal system [12]. 

Functional, kinematic, and kinetic asymmetry in gait, 
reported in many articles [1, 3, 4], may occur during 
running as well. Thus, better understanding of function-
al symmetry of joints and lower limbs during running, 
regardless of supporting older theories and introducing 
new ones, is important. This matter is also important in 
biomechanical planning of rehearsal and rehabilitation 
programs. Accordingly, this study aimed to investigate 
the local and global symmetry during jogging in young 
male athletes.

2. Materials and Methods

This was a quasi-experimental study. Partici-
pants included 15 healthy male athletes (Mean±SD 
age=27.41±3.67 years, Mean±SD height=176.57±5.06 
cm, Mean±SD weight=69.84±6.13 kg), who were ran-
domly selected among the students of Physical Educa-
tion in Kharazmi University of Tehran, in Tehran City, 
Iran. The number of participants was calculated accord-
ing to Erdfelder et al. and respecting α=0.05 and β=0.2 
[13]. These people had no musculoskeletal and neuro-
muscular symptoms, or no history of significant surgery 
affecting their jogging patterns. Since the leg length dif-
ferences may affect measured parameters during jog-
ging, the intera-limb symmetry, and the length of the 
participants’ legs were measured. We ensured that the dif-
ferences between the bodies in any participant was not 
more than 1 cm [14]. The participants had right domi-
nant lower extremities that were determined using the 
preferred leg method for ball kicking and hopscotch [1].

We explained the research and wearing appropriate 
clothing to the participants. Vicon Plug-in-Gait marker 
set (PiG-Vicon Motion Systems, Oxford, UK) was used 
and light reflector markers with a diameter of 9.5 mm 
on the spotted points were attached, using double-sided 
bonding tape. We used a motion analysis system with 6 
cameras and videotapes (Mxt40s, Oxford Metrics Ltd., 
UK) with a 200 Hz sampling frequency for data collec-

tion related to markers positions simultaneously and 2 
sheets of Kistler (9260AA, Kistler AG, Switzerland) 
dynamometer with sampling frequency of 1000 Hz to 
collect reflective force data of the level and position of 
the center of pressure in the middle of the runway with 
a 10-m length. 

The participants had 10 min to warm up and 15 min of 
practice tests with the metronome prior to the main tests. 
They started jogging (slow running) barefoot at 155 
bpm. The steps frequency was controlled by the metro-
nome. Each movement was performed 5 times by every 
participant and 3 perfect performances were selected for 
the next analysis. The test with following qualifications 
was considered perfect: 1. When the right foot with the 
first power sheet, and the left foot with the second pow-
er sheet contacted properly; 2. The participants did not 
target the force plates intentionally; and 3. The jogging 
frequency was ±2.5% of determined frequency [11, 12].

We used a Butterworth fourth order zero-phase lag fil-
ter with a cut-off frequency of 8 Hz for marker position 
data and 50 Hz for power sheet data to filter the data [15]. 
An interval between 2 heel-to-ground contacts by the 
same foot was defined as stride length. In order to calcu-
late the joint moment sagittal plane of ankle, knee, and 
hip, inverse dynamics in the Visual3D motion analysis 
software environment (v. 5.02.30, C-Motion, Inc. USA) 
were used. Finally, the data were normalized based on 
body weight and 100% of the total running cycle. Joint 
moment was proposed based on the contract by the Inter-
national Society of Biomechanics [15]. 

According to that, the extensor and plantar flexor mo-
ment were considered as positive. The magnitude of 
selected peaks was also measured in muscular moment 
diagrams of ankle, knee, and hip joints in dominant and 
non-dominant limbs (Figure 1).

The parameters values are presented as Mean±SD. Nor-
mal distribution of data was checked by Kolmogorov-
Smirnov Test and the data in all subsets had a normal dis-
tribution. Paired t-test was used at the significance level 
of P=0.05. The individual act of each joint and the entire 
lower limb during running were identified according to 
the method presented by Sadeghi [11]. Principal Compo-
nent Analysis (PCA) was used on the phase of muscular 
moment curves of the joints in the sagittal plane. The 
muscular moment parameter was selected because, ac-
cording to Winter [15], the muscular moment provides 
a clear idea on the mechanical causes of the movement 
produced by the agonist/antagonist muscles as the inte-
gration of neural control over each joint.
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The PCA technique deals with the data variance and 
is used to identify the main structure of temporal wave-
form data in gait, equilibrium, electromyography, and 
ergonomic studies [2]. In this study, PCA technique was 
used to identify the functional behavior of each joint, and 
the complete lower limb, based on the method present-
ed by Sadeghi [11]. In which, when the main Principal 
Components (PCs) taken from the PCA test elaborate a 

similar part of the running Gait Cycle (GC), behavioral 
symmetry is being established (Table 3).

We first formed the covariance matrices to follow the 
PCA technique. These matrices were acquired from the 
data of the  joints moment starting phase chart, and are 
made of 45 lines (each for o1 test, 15 participants and 
repeated 3 times) and 46 columns (representing percent-

 
 

 
 

 
 

Figure 1. Average sagittal muscle moment curves and standard deviation
A. Ankle joints; B. Knee joint; and C. Hip during a full cycle of slow running (jogging) for the dominant leg (right) and the non 
dominant leg (left). Selected peak points are named in these charts.

A

B

Right ankle

Right knee

Right thigh

Left ankle

Left knee

Left thigh

C

Table 1. Spatial-temporal parameters for slow running (jogging) of the lower limbs separately (Mean±SD)

Parameter Frequency, Hz Speed, m/s Pitch Length, m Deposition Phase, %

Dominant limb 154.90±3.89 2.08±0.11 1.63±0.09 46.07±2.10

Non dominant limb 153.39±4.64 2.06±0.14 1.66±0.15 45.38±2.33

Statistical 0.22 0.42 0.53 0.31

Significance level 0.85 0.63 0.51 0.75

Nasirzade A, et al. Local Asymmetry and Global Symmetry During Jogging. PTJ. 2018; 8(1):17-26.
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age of starting phase in running). In addition, the total 
limb was surveyed using the PCA technique, a matrix 
consisting of 135 lines (first 45 lines belongs to ankle 
joint, second 45 lines belongs to knee joint, and third 45 
lines belongs to hip joint) and 46 columns was formed. 

The purpose of PCA is to extract the maximum pos-
sible variance of information through several orthogo-
nal components called the PC. In this study, every PC is 
formed of the same components with the same number 
as starting phase data, when drawing in relative to the 
percentage of starting phase, the factor loading diagram 
will be formed, which is called PC chart (Figure 2). 
Then, we selected the number of PCs that were going 
to be used for next analysis. The eigenvalue of each PC 
reflects how many PCs are required for extracting and 
justifying the maximum possible amount of data. In the 
present study, the first 2 PCs, which described more than 
70% of the total variance of the information were used 
for the next stages of biomechanical analysis [11, 16]. 

The next step included choosing the kind of rotation on 
PCs to be able to gain more interpretable physiological 
information through maximizing the changes [17]. Thus, 
varimax rotation was used in this study [11]. Assigning 
a physical and biomechanical meaning to each of the 
PCs was the final step. Knowing what interval running 
starting phase was significant of each PC chart, and at 
that interval what the role of muscle activity was, a func-
tional task is arranged for it. To determine when a PC is 
significant, the muscular moment data with the highest 
solidarity within each PC (called factor loading) is used 
for further analysis. 

In these circumstances, a factor loading greater than 
0.7 was used for the final interpretation [16]. This value 
may vary, depending on the research type, parameters, 
and objectives. However, the symmetry among the same 
joints of the lower limbs was stable when the significant 
factor loading (above 0.7) of both PC charts described 
a similar part of the starting phase, which refers to the 

Table 2. Mean±SD peak points of the muscular moment diagrams in the dominant and non dominant lower limb joints during 
slow running (jogging)

Parameter Dominant (Right) Non-Dominant (Left) Statistical Significance Level

Ankle moment, Nm/kg
 AM1 2.75±0.41 2.81±0.55 1.24 0.12

Knee moment, Nm/kg
 KM1 1.65±0.22 1.61±0.38 0.68 0.46

Knee moment, Nm/kg
 KM2 0.18±0.22 0.16±0.18 3.35 0.03 

Hip moment, Nm/kg
 HM1 0. 47±0.05 0.49±0.09 0.98 0.16

* Significant at the level of P=0.05

Table 3. Percentage of information variance by PCA test for joints moment data of dominant and non dominant limbs while 
running slow and an interval from GC with factor loading of the PCs larger than 0.7

Joint
Right Left

PC1 PC2 Total PC1 PC2 Total

Ankle 36 30 66 44 30 74

GC interval 10-26 27-40 - 5-26 27-40 -

Knee 43 35 78 37 30 67

GC interval 20-39 3-18 - 20-34 6-18 -

Hip 54 17 71 42 29 71

GC interval 6-33 39-43 - 13-32 33-44 -

Total limb 54 33 87 54 33 87

GC interval 6-28 29-43 - 6-28 29-43 -

Nasirzade A, et al. Local Asymmetry and Global Symmetry During Jogging. PTJ. 2018; 8(1):17-26.
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concept of local symmetry. Moreover, the symmetry be-
tween 2 lower extremities was stable when the signifi-
cant factor loading (above 0.7) of both of their PC charts 
showed a similar part of the starting phase for dominant 
and non-dominant lower limbs, which refers to the con-
cept of global symmetry (Table 3 and Figure 2).

3. Results

The diagrams of muscular moment of the ankle joints, 
knee and hip of the dominant (right) and non-dominant 
(left) limbs while running are shown in Figure 1. In ad-
dition, its spatial-temporal parameters are presented in 

Table 1, indicating no significant differences in these 
parameters between the dominant and non-dominant 
limbs. Table 2 compares the selected peak points of the 
muscular moment diagrams in the lower dominant and 
non-dominant limb joints. As demonstrated, there is a 
significant difference between the left and right limbs 
with respect to the knee moment in KM2. However, 
there is no differences between the other peak points in 
the extremities of the limbs.

Information about the percentage of variance extracted 
by the PCA test and the interval at which factor loading 
of PCs have become greater than 0.7 are presented in 

 
 

 
 

 
 

Figure 2. The PCs charts
A and B. The muscular moment diagram of ankle joints (dashed line), knee (dotted line), and hip (continuous line); C. The 
lower right limb (right) and left (left)
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Table 3 and Figure 2. According to Table 3 and Figure 2, 
the first and second PCs, while running, display no iden-
tical interval of GCs in either knee or hip joints, which 
indicates local asymmetry at the surface of these joints. 
However, in the ankle joint, despite the fact that the in-
terval described by PC1 for the right and left side was 
not similar (local asymmetry), PC2 shows a similar val-
ue indicating the local symmetry for this functional task 
in this joint. In this case, for the whole limb, PC1 and 
PC2 have described a similar interval of GC. Thus, in 
this case, the limbs behave similarly, showing the global 
symmetry at the lower extremities. Therefore, this group 
of people during running functionally show local asym-
metry (except PC2 for ankles) and global symmetry.

4. Discussion

The present study aimed to investigate local and global 
symmetry during slow running (jogging) in young male 
athletes. Based on the research findings, the spatial-
temporal parameters of the lower dominant and non-
dominant extremities were not different. In addition, of 
the selected peaks of the muscular moment curve, there 
was only one difference between the dominant and non-
dominant extremities in one case. In general, based on 
the results gained from the PCA technique, it seems that 
joints show asymmetrical behavior (local asymmetry) 
and lower extremities show symmetrical behavior (glob-
al symmetry), during slow running.

To apply methods of surveying the running symmetry 
in this research, studies on walking symmetry were used 
that included checking the peaks of different compo-
nents of the graphs as well as a general review of the gait 
pattern using some recognition methods such as PCA [3, 
4]. In terms of running of healthy people, various stud-
ies have only focused on the study of motion-symmetry 
using the first-order methods. No study (except the pres-
ent one) has used second-order methods to investigate 
functional symmetry running. However, in a study using 
the PCA method to examine functional symmetry dur-
ing normal walking in healthy right-foot young men, Sa-
deghi reported local asymmetry (at the joints level) and 
global symmetry (at the level of limbs) that regardless 
the type of motion, other findings were consistent with 
the present study [11].

Based on the present findings on the movements of the 
running, the PC1 for the ankle showed a region of 10-
26% (middle position) for the right leg and 5-26% (the 
end of the initial and middle position) for the left leg, 
which indicates local asymmetry for this task. Also, PC2 
described the region of 27-40% (end of middle position 

and the beginning of takeoff) for this joint on both sides 
of the body, which indicates local symmetry. Normally, 
in slow running, immediately after heel contact, under 
the external control of the anterior muscle of the leg, it 
is flattened on the floor and moves forward on the ankle. 

In this condition, the length of plantar flexors of the 
foot would increase and absorb mechanical energy [18, 
19]. Almost by the start of the middle phase position, 
the ankle starts plantarflexion, and the previous energy 
absorption stage is followed by a stage of production of 
energy, whose task is to produce energy to advance [19]. 
Also, the magnitude of the produced energy by ankle has 
a direct relation to the running speed [18].

According to the obtained results, PC1 for the right 
knee showed 20-39% (middle position) and for the left 
knee 20-34% (middle position); also PC2 for the right 
knee showed 3-18% (first part of the initial contact 
and beginning of middle position) and for the left knee 
6-18% (second part of the initial contact and beginning 
of middle position), which clearly manifests local asym-
metry. The knee joint bends during running immediately 
after initial contact and before reaching the middle of the 
knee position, while being affected by the weight of the 
body. However, such knee flexion is controlled by the 
extensor moment of the quadriceps and these muscles 
absorb energy at this stage [19]. 

In the second half of the positioning phase, the knee 
extension phase develops, and the extensor muscles 
contract concentrically and produce energy. It seems 
that this energy is produced to help progressive mode 
of the body [18].

The hip joint is quite similar to the knee joint, in which 
the PC1 showed the area of 33-56% (second part of the 
initial contact and the middle position) for the right and 
13-32% (middle position) for the left hip joint; also, 
PC2 for the right hip showed 39-43% (the beginning 
of takeoff) and for the left hip joint showed 33-44% 
(end of the middle position and take off), which a lo-
cal asymmetry is proved on this joint, too. The motion 
pattern of hip joint in running phase is very similar to 
walking and has a sinusoidal shape, in which at initial 
contact, flexion occurs and extends reaching to push off 
[18]. Nevertheless, in terms of performance, according to 
Winter [19], in jugging or slow running, hip joints rela-
tively produce lower power and have no stable pattern due 
to the dual role of hip flexors and extensors while running 
slowly to maintain upper extremity alongside helping the 
body drive forward precisely before it fluctuates. 

Nasirzade A, et al. Local Asymmetry and Global Symmetry During Jogging. PTJ. 2018; 8(1):17-26.
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In these conditions, the PCA test shows global symme-
try for the lower extremities, so that PC1 highlights the 
left and right limb in the interval of 6-28%, and PC2 high-
lights the left and right limb in the interval of 29-43%. 
Accordingly, in general, local asymmetry in the joints 
and global symmetry at the limb level are demonstrated 
in slow running in this group. It seems that the Central 
Nervous System (CNS) compensatory mechanisms play 
a vital role in this procedure. Despite the differences in 
the level of articulation, the compensatory mechanisms 
cause the limb to function in a similar way to make the 
move more coordinated and more efficient [2]. 

An asymmetric gate in which the function of the limb 
varies in different kinematic or kinetic parameters, re-
sults in more interactions and coordinates more complex 
inter-limb moves towards the gait symmetric behavior 
and ultimately lead to more involvement of the CNS 
[20]. As a result, in spite of asymmetry in the joints, it 
causes the CNS to create symmetrical behavior at the 
limbs, in order to simplify the movements’ control. 
However, specifying the compensatory mechanisms on 
which joint and what surface of the CNS is a problem 
that has still remained unclear regarding the symmetry 
of lower limbs during running in healthy people. This 
matter calls for further investigations on this field. 

On the other hand, this study revealed no significant dif-
ferences between the dominant and non-dominant limbs 
in such parameters as running speed, step length, and 
percentage of starting phase. This is actually the result of 
total operation of all joints in the lower limb. However, 
there are differences in some of the joint parameters (e.g. 
the peak of KM2). This finding somehow explains that 
despite the odds of occurrence of asymmetry in joints, 
the limbs exhibit symmetric behavior. 

The surveys that consider various limbs and joints 
parameters during running have also provided results 
similar to this study. Parameters like the joint angle of 
asymmetry between the limbs have been observed in 
most cases. While no differences has been observed in 
parameters like step length and running speed, between 
the lower extremities during running, Carpes et al. con-
ducted a review study on such articles [5].

Finally, the running tests have been conducted in a 
10-m long running route in this study. Because of the 
shortness of the route, low speed running has been pre-
ferred. Thus, we recommend similar studies be con-
ducted with a longer running route and higher speeds to 
achieve more reliable results.

According to the study findings, it seems that young 
athlete men during jogging, despite having asymmet-
ric movements in the ankle, knee, and hip joints (local 
asymmetry), show symmetric behavior in the lower 
limbs (global symmetry), which probably is due to the 
compensating mechanisms of the CNS. The results of 
such studies may be used in planning of rehabilitation 
programs for improving physical injuries.
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