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Running speed does not influence the asymmetry
of kinematic variables of the lower limb joints in novice runners

XINYAN JIANG1, HAIRONG CHEN1, DONG SUN1, JULIEN S. BAKER2, YAODONG GU1*

1 Faculty of Sports Science, Ningbo University, Ningbo, China.
2 Department of Sport, Physical Education and Health, Hong Kong Baptist University, Hong Kong, China.

Purpose: The purpose of this study was to evaluate kinematic variables at 5 running speeds (8 to 12 km/h), for the asymmetry
between lower limbs. We also investigated the effects of running speed on the bilateral asymmetry of the lower limb joints kinematic
variables among novice runners. Methods: Kinematic (200 Hz) running data were collected bilaterally for 17 healthy male novice
runners (age: 23.1 ± 1.3 years, height: 1.77 ± 0.04 m, mass: 72.3 ± 4.57 kg, BMI: 23.1 ± 1.0 kg/m2) running on a treadmill at 5 fixed
speeds (8, 9, 10, 11 and 12 km/h) in a randomized order. Symmetry angles (SA) were calculated to quantify gait asymmetry magni-
tude at each running speed. Results: Overall, SPM analysis using paired t-tests revealed significant joints kinematic differences be-
tween the left lower limb and the right lower limb at each running speed. Significant differences between limbs were found for all
joint kinematic variables in the ankle and hip, regardless of running speed. As for the knee angle, significant differences between legs
were only found during the running speed of 11 km/h. For knee angle velocity, significant differences between legs were found in all
running speeds except for 8 km/h. However, there was no noticeable difference in asymmetry values across running speeds. Conclu-
sions: The findings of the current study indicate that gait asymmetry of joint kinematics variables between lower limbs during run-
ning is apparent in healthy novice runners. Meanwhile, running speed does not influence lower limb joints kinematic asymmetry
among novice runners.
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1. Introduction

Recreational running is a popular form of physical
exercise. Although running has a positive effect on
physical health and well-being, it also increases the oc-
currence of sustaining a running-related injury (RRI) [7].
The occurrence of RRI has been reported at 79%, which
is contradictory to the positive health effects [18]. The
number of RRI being particularly high in novice runners
[6]. The literature [7] has outlined that variables such as
higher BMI, increased age, previous injuries and previ-
ous sports activity participation are related to RRI in
novice runners. However, there is little consistency in
studies regarding the specific causes of RRI.

It is generally believed that suboptimal lower limb
movement patterns may increase injury risk in run-
ners. Bilateral asymmetry between the lower limbs
during running has been considered a risk factor [29].
Since many running-related injuries are unilateral,
asymmetrical running may be an overlooked cause of
injury as related compensatory actions could put ex-
cessive loads on the body [28]. Alternatively, asym-
metries may be an early indicator of potential injury
[21]. The completely symmetrical gait of running is
not possible because of the dominant leg. Lower ex-
tremity dominance has been classified based on the
leg’s role in either stabilization or mobilization. For
example, the leg used for kicking a ball is considered
as the mobilization leg and the stance leg is the stabi-
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lization leg [24]. The symmetry of gait, the perfect
coordination between the right leg and left leg meas-
ures, may not occur in healthy populations [26]. Sub-
tle asymmetry is not detectable by the clinician’s vi-
sion, nor is it necessarily kinaesthetically apparent to
the athlete. Therefore, a biomechanical analysis of run-
ning asymmetry is needed.

Biomechanical asymmetry is not detrimental dur-
ing walking tasks, however, it could potentially be-
come pathological or injurious during running due to
the increased biomechanical demands placed on the
musculoskeletal system [24]. Asymmetrical gait pat-
terns during running have been reported widely in
previous studies. Bredeweg et al. [5] found that, com-
pared to uninjured novice runners, the injured novice
runners showed lower bilateral asymmetry in peak
impact force and contact time. Robadey et al. [25]
found that the injured side exhibited significantly
smaller values for biomechanical parameters, com-
pared to the uninjured leg during overground running.
Radzak et al. [24] concluded that many of the biome-
chanical variables (e.g., loading rate and stiffness)
previously associated with overuse injuries of the
lower limbs were found to be asymmetrical in the
rested state and remained asymmetrical in the fatigued
state. Gao et al. [13] found that during running stance,
the symmetry of the hip flexion angle, knee flexion
angle, hip extension angle and hip flexion moment
was decreased due to fatigue from prolonged running,
and the knee extension velocity and hip flexion veloc-
ity increased. The alterations of asymmetry can be
considered as a compensation mechanism to maintain
gait stability during running.

During running, the lower extremities act as a pair
of oscillators. Theoretically, as the speed increases,
running gait becomes more symmetrical due to the
perfect phrasing of gait to achieve a faster speed [19].
However, studies of biomechanical variability in dif-
ferent running speeds are usually applied to unilateral
limbs [11], [17]. Only a few studies have investigated
bilateral asymmetry in the lower extremity during
running with different speeds, however, findings of
previous studies were inconsistent. Bredeweg et al. [5]
found that male recreational runners presented no
significant differences in bilateral asymmetry during
running at the speed of 9 and 10 km/h, while female
recreational runners showed significantly smaller bi-
lateral asymmetry at 9 km/h, compared to 8 km/h.
Furlong et al. [12] reported smaller bilateral asymme-
try during running at preferred speed than non-
preferred speed in healthy young adult males. Limit
test speeds were adopted in the most previous study.
Mo et al. [19] reported that competitive runners ex-

hibited a linear reduction in bilateral asymmetry with
increasing running speed from 8 to 12 km/h, while the
bilateral asymmetry of recreational runners exhibited
a roughly U-shaped trend across speeds, as for novice
runners, changes of bilateral asymmetry across speed
were inconsistent. Girard et al. [15] concluded run-
ning speed does not change lower limb mechanical
asymmetry by examining the magnitude and range of
asymmetry at seven running velocities (10, 12.5, 15,
17.5, 20, 22.5, and 25 km/h). However, the aforemen-
tioned studies [15], [19] focused on the kinetics of
bilateral asymmetry during running at different speeds.
Thus, it remains inconclusive how the bilateral asym-
metry of lower limb joints kinematics changes across
running speeds.

The main purpose of this study was to investigate
the effect of running speed on the bilateral asymmetry
of lower limb joints kinematic variables of novice
runners. We also determined differences in running
kinematics of the left leg and right leg between run-
ning speed from 8 to 12 km/h using statistical para-
metric mapping (SPM). We hypothesized that there
would be differences between running speed and bi-
lateral asymmetry of lower limb joints kinematics. We
also hypothesized that the left leg and right leg exhibit
different joint kinematics in the stance phase of run-
ning by analysing the results of statistical parametric
mapping.

2. Methods

2.1. Participants

Seventeen healthy male novice runners (age: 23.1
± 1.3 years, height: 1.77 ± 0.04 m, mass: 72.25 ± 4.57
kg, BMI: 23.1 ± 1.0 kg/m2) from Ningbo University
were recruited as experimental subjects in this study.
All participants were free from health problems and/
or neuromuscular disorders and/or known gait im-
pairments, and had no lower limb injuries in the pre-
vious six months. The dominant leg was defined as
the preferred leg when kicking a ball and partici-
pants’ right-side limb was the dominant limb. All
participants were rearfoot striking runners. Runners
who had never participated in any running competi-
tions or performed regular running exercises (i.e., at
least 3 times per week, 30 minutes per time, and
minimum weekly running distance of 20 km) for less
than 24 months were defined as novice runners [1].
Before the experiment, all participants were provided
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with the documented consent approved by the Insti-
tutional Review Board.

2.2. Experimental procedures

All participants were instructed to run on a mo-
torized treadmill (Satun h/p/cosmos, Nussdorf- Traun-
stein, Nußdorf, Germany) at five fixed speeds (8, 9,
10, 11 and 12 km/h) with the slope of the treadmill set
at 0°. Running speeds were assigned in a randomized
order among participants. Before testing, participants
had 10 minutes warm-up and to familiarize them-
selves with experimental settings. During running,
participants were required to run for 3 min at each
running speed and kinematics data were recorded. All
participants were asked to use their own running shoes
and were allowed to have a rest for 5 minutes between
each run. An eight-camera motion capture system
(Vicon Metrics Ltd., Oxford, United Kingdom) was
used to record running kinematic data at a frequency
of 200 Hz. 36 retroreflective markers fixed to the
lower limb of each runner to track movement, detailed
in Fig. 1.

2.3. Data processing

This study focused on the changes in the sagittal
plane for specific interest, as there is reported pri-
mary variation in the sagittal plane during running
[3]. A customized function in Visual 3D (c-motion

Inc., Germantown, MD, USA) was applied to proc-
ess and calculate kinematic variables in the sagittal
plane of the ankle, knee and hip joints using C3D
files generated from Vicon Nexus Software. Kine-
matics data were filtered by 10 Hz fourth-order low-
pass Butterworth filter for the de-noising process of
marker trajectories [23]. The joint angles were cal-
culated by the inverse kinematics algorithm in Visual
3D. The kinematic data were processed using
MATLAB R2019a (The MathWorks, MA, United
States), and the written script was applied to process
the data.

The symmetry angle (SA) was used to evaluate the
level of lower limb bilateral asymmetry as in previous
studies [13], [15], [24]. In the current study, for each
participant, SA was calculated for inter-leg symmetry
and rectified so that all symmetry values were posi-
tive. The SA was calculated using the following for-
mula [30]:
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SA was presented as a percentage, X represents the
value of the kinematic variables in the right or left

Fig. 1. Illustration of retroreflective marker placement
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lower limb. A score of 0% suggests perfect symmetry
and 100% suggests perfect asymmetry between the
right and left leg [15].

2.4. Statistical analysis

Ten consecutive steps (5 right and 5 left foot con-
tacts) beginning at the second minute of each three
minutes running bout were analysed. Descriptive sta-
tistics were provided as means and standard devia-
tions (SD). Tests for normality and homogeneity of
variances (Shapiro–Wilk and Levene’s, respectively)
were conducted on all SA data before the analysis.
Repeated measures ANOVA was performed to de-
termine the effects of running speed on bilateral
asymmetry during running, and Tukey’s post hoc tests
were used to analyse the specific significant differ-
ences. Paired t-tests assessed differences in kine-
matic variables between legs at different running
speeds. All statistical calculations were carried out
with SPSS 25.0 for Windows™ software (IBM, Ar-
monk, NY, USA). The level of statistical signifi-
cance was set at p < 0.05.

For statistical parametric mapping (SPM), kine-
matic data for each step were time normalized to the
stance phase (101 data points per stance phase).
Biomechanical differences between the right and left
lower limb of each running speed were obtained by

statistically examining the entire times series using
SPM with post hoc paired t-tests. The significance
level for all statistical significance was set at p < 0.05.
All SPM analyses were conducted in MATLAB
R2019a (The MathWorks, MA, United States) using
the open-source software package spm1D 0.4 [22]
(www.spm1d.org).

3. Results

Significant differences between the lower limbs were
analysed via t-tests at different running speed states,
indicating limb asymmetry, are exhibited in Table 1 and
Figs. 2–6, respectively. At the 8 km/h condition, sig-
nificant differences between the legs were found in the
peak ankle dorsiflexion angle ( p = 0.007), peak ankle
plantarflexion angle ( p = 0.001) and peak hip flexion
angle ( p = 0.006). At the 9 km/h condition, significant
differences between the limbs were found in peak
ankle plantarflexion angle ( p < 0.001), peak ankle
plantarflexion velocity ( p < 0.001), peak knee flexion
angle ( p = 0.029) and peak hip flexion angle ( p =
0.003). At the running speed of 10 km/h, significant
differences between the limbs were found in peak
ankle plantarflexion angle ( p = 0.003), peak ankle
plantarflexion velocity ( p = 0.045) and peak knee
flexion velocity ( p = 0.001). At 11 km/h condition,

Table 1. Comparison of selected kinematic variables between right and left limbs at 5 fixed running speeds

Joint Kinematics Left Limb (SD) Right Limb (SD) p-value

1 2 3 4 5 6
Dorsiflexion [°] 18.18 (1.31) 14.74 (4.51) 0.007
Plantarflexion [°] 25.57 (4.97) 21.02 (3.71) 0.001
Dorsiflexion velocity [°/s] 184.60 (30.81) 177.78 (29.04) 0.468

8 km/h

Plantarflexion velocity [°/s] 342.63 (50.83) 351.39 (39.13) 0.473
Dorsiflexion [°] 16.82 (3.22) 14.54 (5.76) 0.217
Plantarflexion [°] 25.73 (4.16) 20.17 (3.21) 0.000
Dorsiflexion velocity [°/s] 183.07 (24.94) 187.44 (24.50) 0.579

9 km/h

Plantarflexion velocity [°/s] 352.04 (36.80) 415.62 (50.01) 0.000
Dorsiflexion [°] 16.70 (3.93) 15.77 (5.48) 0.480
Plantarflexion [°] 25.49 (4.09) 22.60 (3.96) 0.003
Dorsiflexion velocity [°/s] 188.30 (19.01) 196.00 (26.62) 0.465

10 km/h

Plantarflexion velocity [°/s]) 420.50 (29.77) 455.43 (56.40) 0.045
Dorsiflexion [°] 18.10 (2.69) 15.89 (5.28) 0.150
Plantarflexion [°] 27.06 (3.75) 21.38 (3.71) 0.000
Dorsiflexion velocity [°/s] 202.24 (14.78) 191.70 (25.70) 0.229

Ankle

11 km/h

Plantarflexion velocity [°/s] 428.09 (34.93) 448.18 (58.64) 0.292
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significant differences between the legs were found in
peak ankle plantarflexion angle ( p < 0.001) and peak
knee flexion velocity ( p = 0.001). For the running speed
of 12 km/h, significant differences between the legs

were found in peak ankle dorsiflexion angle ( p = 0.001),
peak ankle plantarflexion angle ( p < 0.001), peak hip
flexion velocity ( p = 0.041) and peak hip extension
velocity ( p = 0.036).

1 2 3 4 5 6
Dorsiflexion [°] 19.42 (1.25) 14.87 (4.95) 0.001
Plantarflexion [°] 27.95 (6.13) 20.84 (3.13) 0.000
Dorsiflexion velocity [°/s] 194.03 (25.14) 195.82 (30.32) 0.847

Ankle 12 km/h

Plantarflexion velocity [°/s] 458.18 (24.83) 468.41 (57.73) 0.463
Flexion [°] 32.14 (5.40) 32.33 (5.07) 0.928
Extension [°] –9.84 (3.68) –7.15 (6.34) 0.181
Flexion velocity [°/s] 291.91 (47.32) 289.04 (29.76) 0.823

8 km/h

Extension velocity [°/s] 160.16 (32.00) 149.86 (36.12) 0.150
Flexion [°] 30.36 (5.16) 34.25 (5.12) 0.029
Extension [°] –9.24 (2.72) –6.30 (5.95) 0.092
Flexion velocity [°/s] 345.46 (75.86) 309.59 (29.64) 0.116

9 km/h

Extension velocity [°/s] 199.44 (51.27) 165.02 (30.46) 0.051
Flexion [°] 32.65 (6.22) 35.29 (5.97) 0.255
Extension [°] –11.36 (5.30) –7.73 (8.09) 0.122
Flexion velocity [°/s] 332.44 (38.30) 297.38 (21.91) 0.001

10 km/h

Extension velocity [°/s] 179.83 (40.10) 184.97 (25.98) 0.471
Flexion [°] 32.63 (5.06) 36.52 (3.93) 0.065
Extension [°] –10.87 (3.91) –6.89(8.56) 0.137
Flexion velocity [°/s] 341.13 (26.80) 303.88(22.20) 0.000

11 km/h

Extension velocity [°/s] 194.81 (36.09) 187.99(21.54) 0.403
Flexion [°] 33.58 (5.02) 35.52(4.02) 0.310
Extension [°] –11.71 (3.45) –8.47(6.54) 0.097
Flexion velocity [°/s] 325.34 (29.62) 325.41(27.65) 0.994

Knee

12 km/h

Extension velocity [°/s] 191.11 (40.82) 198.94(32.19) 0.422
Flexion [°] 23.59 (2.84) 26.92(3.09) 0.006
Extension [°] 7.39 (2.10) 7.24(1.73) 0.809
Flexion velocity [°/s] 49.67 (37.75) 59.59(15.55) 0.345

8 km/h

Extension velocity [°/s] 179 (30.97) 181.29(17.40) 0.842
Flexion [°] 24.70 (4.45) 29.54(2.31) 0.003
Extension [°] 9.01 (2.56) 8.78(1.57) 0.727
Flexion velocity [°/s] 70.49 (49.67) 64.15(27.16) 0.680

9 km/h

Extension velocity [°/s] 211.4 (28.71) 203.66(22.25) 0.496
Flexion [°] 30.24 (5.06) 31.02(2.01) 0.534
Extension [°] 9.23 (2.69) 9.54(1.58) 0.649
Flexion velocity [°/s] 60.57 (32.20) 56.09(25.77) 0.641

10 km/h

Extension velocity [°/s] 242.13 (44.38) 240.05(26.44) 0.798
Flexion [°] 29.29 (4.26) 32.78(3.07) 0.012
Extension [°] 10.38 (2.53) 9.87(1.54) 0.393
Flexion velocity [°/s] 63.34 (21.87) 94.60(66.99) 0.126

11 km/h

Extension velocity [°/s] 250.69 (38.65) 243.47(37.21) 0.401
Flexion [°] 29.76 (5.02) 33.23(3.22) 0.050
Extension [°] 10.72 (2.86) 11.37(2.32) 0.470
Flexion velocity [°/s] 52.90 (14.00) 85.00(54.85) 0.041

Hip

12 km/h

Extension velocity [°/s] 274.72 (50.05) 251.56(25.00) 0.036
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The SPM analysis with paired t-tests revealed sig-
nificant differences between the legs at different run-
ning speeds during the running stance phase. In Figures
2–6, the joints kinematic differences of each running
speed in the corresponding time series is shown. Sig-
nificant differences between the limbs were found for

all joint kinematic variables in ankle and hip, regardless
of running speed. As for knee angle, significant differ-
ences between the legs were only found during the
running speed of 11 km/h. However, for knee angle
velocity, significant differences between legs were
found in all running speeds except for 8 km/h.

Fig. 2. Descriptive results between left lower limb and right lower limb
statistical parametric mapping results during running at 8 km/h, t-values of the SPM for all participants

(post hoc results; dashed red lines represent p = 0.05 level).
Grey shaded areas present regions with statistically significant differences
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Fig. 3. Descriptive results between left lower limb and right lower limb
statistical parametric mapping results during running at 9 km/h, t-values of the SPM for all participants

(post hoc results; dashed red lines represent p = 0.05 level).
Grey shaded areas present regions with statistically significant differences
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Fig. 4. Descriptive results between left lower limb and right lower limb
statistical parametric mapping results during running at 10 km/h, t-values of the SPM for all participants

(post hoc results; dashed red lines represent p = 0.05 level).
Grey shaded areas present regions with statistically significant differences
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Fig. 5. Descriptive results between left lower limb and right lower limb
statistical parametric mapping results during running at 11 km/h, t-values of the SPM for all participants

(post hoc results; dashed red lines represent p = 0.05 level).
Grey shaded areas present regions with statistically significant differences



X. JIANG et al.78

Fig. 6. Descriptive results between left lower limb and right lower limb
statistical parametric mapping results during running at 12 km/h, t-values of the SPM for all participants

(post hoc results; dashed red lines represent p = 0.05 level).
Grey shaded areas present regions with statistically significant differences
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Significant differences in SA of ankle, knee, and hip
biomechanical variables between different running speed,
indicating changes in lower limb asymmetry magnitude
due to running speed, are presented in Table 2. Signifi-
cant differences ( p = 0.007) were only observed in the
ankle plantarflexion angle between the speed condi-
tions of 10 and 12 km/h.

4. Discussion

The purpose of this study was to examine kine-
matic bilateral asymmetry during running, with a spe-
cific interest in how bilateral asymmetry changes along
with increasing running speeds among novice runners.
We only investigated the biomechanical variables during
the stance phase of running, as it has been reported that
the running stance phase is closely associated with
running-related injuries [9], [10]. Significant differences
were found in kinematic measures between lower limbs
in novice runners at each running speed state, which
supports previous research reporting differences between
lower limbs [13], [24], [27]. Runners’ SA scores were
analyzed at five different speeds (8–12 km/h) to de-
termine whether a different degree of bilateral asym-
metry was present. However, there was almost no
influence of running speed on bilateral asymmetry
scores for any of the kinematic variables studied since
our results showed relatively unchanging average
values across all speeds.

The human body has a slight congenital asymme-
try in form and function. The asymmetry of gait in
healthy individuals was previously called functional
asymmetry, that is, the asymmetry of the limbs is

based on the differentiation of main functions, espe-
cially stabilization or propulsion [27]. Regardless of
the speed condition, SPM revealed the difference in
joints kinematics during different phases of the run-
ning stance, the ankle joint exhibited larger dorsiflex-
ion and plantarflexion in the non-dominant limb,
which is the left leg, while the dominant limb exhib-
ited larger flexion in both knee joint and hip joint. The
joint angle velocity also showed different significant
differences in all three lower extremity joints. Theo-
retically, asymmetrical gait has the potential to ab-
normally or injuriously load the lower extremity [24].
Previous studies have reported significant gait asym-
metry between the injured and uninjured limbs among
runners with a history of unilateral overuse injury
[28], [29]. Gilgen-Ammann et al. [14] concluded that
a previous injury was associated with bilateral asym-
metry, as the runners who had a previous injury hav-
ing significantly enlarged bilateral asymmetry com-
pared to those without injury history. However, we
did not observe that a particular limb side of joint
kinematic variables consistently scored higher, which
may contrast with Gundersen et al.’s [16] findings,
while there are some asymmetries existing in the
lower limbs, they could not be correlated with lower
extremity laterality. As kinematic waveforms of lower
limb joints and segments were dissimilar between
runners with different running volumes [4]. Carpes et
al. [8] found that well-trained subjects showed a lower
level of bilateral asymmetry in exercise and better
perception of bilateral asymmetry compared to sub-
jects who had just started a training regimen. Bilateral
asymmetry was found to be related to running experi-
ence. The significant asymmetry between the lower
limbs may be due to novice runners lack of running

Table 2. The significance of the symmetry angle (SA) in the joint kinematic variables during different running speeds

Symmetry Angle [%] (SD)
Joint Kinematics

8 km/h 9 km/h 10 km/h 11 km/h 12 km/h p-value
Dorsiflexion 10.18 (7.29) 11.18 (7.55) 8.12 (7.10) 9.32 (9.18) 10.89 (8.06) 0.790
Plantarflexion 6.69 (4.83) 6.07 (4.43) 4.70 (3.48) * 7.45 (4.42) 10.28 (5.88) 0.014
Dorsiflexion velocity 5.47 (3.19) 3.95 (3.31) 5.21 (4.45) 4.66 (3.11) 4.60 (3.07) 0.739

Ankle

Plantarflexion velocity 3.57 (3.13) 5.99 (3.72) 4.64 (2.79) 4.81 (2.73) 3.32 (2.03) 0.069
Flexion 7.23 (4.70) 6.03 (4.48) 6.88 (5.75) 6.70 (4.88) 5.08 (4.18) 0.715
Extension 29.08 (21.63) 26.44 (20.01) 29.42 (23.01) 34.29 (27.74) 22.01 (18.16) 0.603
Flexion velocity 4.72 (3.16) 5.32 (5.98) 4.29 (2.29) 3.47 (3.13) 3.47 (2.48) 0.518

Knee

Extension velocity 4.80 (4.08) 6.31 (4.75) 4.37 (2.79) 4.11 (3.34) 4.54 (4.46) 0.520
Flexion 5.71 (3.54) 7.75 (4.44) 4.55 (3.14) 5.45 (3.28) 6.03 (4.40) 0.179
Extension 10.17 (7.32) 8.55 (5.48) 7.51 (5.59) 5.80 (4.77) 7.95 (7.06) 0.340
Flexion velocity 7.95 (5.64) 7.59 (6.07) 5.42 (2.70) 6.01 (3.19) 4.41 (4.50) 0.145

Hip

Extension velocity 4.68 (3.10) 5.72 (5.91) 3.57 (2.52) 4.08 (2.81) 3.37 (2.13) 0.314

Note: “*” indicates the significance of SA in the bilateral lower limb between 10 km/h and 12 km/h ( p < 0.05).
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experience. This is in contrast with experienced run-
ners who are defined as runners who have been par-
ticipating in running competitions, and running regu-
larly for more than 4 years and had a minimum weekly
running distance of 30–80 km [20]. These findings
may have immediate implications for the treatment of
running-related injuries.

A previous study suggested imbalances of propul-
sion and maximal downward vertical displacement
measures increase with increases in speed [2], indi-
cating a potential for greater gait asymmetry in run-
ning. However, while comparing the bilateral asym-
metry changes of the lower limbs during different
running speeds, Girard et al. [15] observed no signifi-
cant difference in group mean and the range of gait
bilateral asymmetry values across different running
speeds. Mo et al. [19] found changes of gait bilateral
asymmetry across speeds were inconsistent and de-
pendent on parameters of interest among novice run-
ners. In the current study, except for one variable (i.e.,
peak ankle plantarflexion between the running speed
of 10 km/h and 12 km/h), we found no differences in
the symmetry angle (SA) scores across different run-
ning speeds. Even for joint angle velocities, for which
the average values shift drastically, the level of gait
asymmetry was consistently small across all speeds.
Minimal differences between lower limbs during run-
ning for different speeds suggest that the legs may not
be used preferentially for braking or propulsion [15].
The main observation of our study is that left and right
asymmetry values of running joints kinematics did not
change as velocity varied between 8 and 12 km/h,
which may indicate that the neuromuscular modula-
tion of overall running speeds from 8 to 12 km/h state,
SA becomes more consistent.

The data presented in this study are novel as we
applied SPM to detect gait bilateral asymmetry in
joints kinematic parameters between the left and right
leg. However, there are some limitations. First, all
running tests were completed on a treadmill for ob-
taining continuous kinematic data. Although running
kinematics were similar between treadmill and over-
ground running, gait bilateral asymmetries were re-
ported differently between the two conditions [25].
Second, we only assessed sagittal plane joint kine-
matics during the running stance phase, as bilateral
asymmetries may have also affected frontal plane
kinematics, and bilateral asymmetries of the running
swing phase may be different between lower limbs.
Third, fixed running speeds from 8 to 12 km/h were
employed for all runners regardless of their preferred
running speed, as it is reported preferred running
speed exhibited lower bilateral asymmetry than non-

preferred running speeds [12]. Last, the subjects of
this study were all male novice runners. As competi-
tive level and gender have influences on the joint
kinematics during running, the results might be not
the same for other populations, which needs to be
considered in future studies.

5. Conclusion

In summary, gait asymmetry of joint kinematics
variables between lower limbs during running is ap-
parent in healthy novice runners. The results of the
current study also demonstrated during fresh-state
(non-fatigued) treadmill running, bilateral asymmetry
is largely unaffected by increasing running speed from 8
to 12 km/h. These data indicate that different running
speeds have no meaningful effects on the sensitivity
of detecting gait asymmetries among non-injured,
novice runners. The findings provide implications for
potential running-related injury risk, future research is
needed to investigate asymmetry and lower extremity
injury development.
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