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Abstract

Background and Aim: Dominant and non-dominant legs have different
mechanical tasks during running. Therefore, it can be expected that trunk muscle
fatigue could have different effects on the dominant and non-dominant legs. The
present study aimed to investigate the effect of trunk muscle fatigue on ground
reaction force characteristics on the dominant and non-dominant legs in novice
runners.

Methods: Thirty male and female participants ran a 16-meter path at a speed of
3.3 m/s before and after a trunk muscle fatigue protocol. They were asked to step
on a force plate (1000 Hz, Winterthur, Switzerland) placed in the mid-way of the
path with both their dominant and non-dominant legs. The ground reaction force
characteristics of the dominant and non-dominant legs before and after trunk
muscle fatigue were calculated and analyzed.

Results: In the pre-fatigue condition, the dominant leg exhibited greater values in
peak propulsive force and peak adductor free moment, and smaller values in peak
medial force and peak abduction free moment compared to the non-dominant leg.
Following trunk muscle fatigue, the dominant leg showed increased peak medial
force. In the non-dominant leg, peak lateral force, peak braking force, and peak
abduction free moment decreased, while medio-lateral impulse increased.
Conclusion: Trunk muscle fatigue affects the mechanics of the dominant and non-
dominant legs differently. These different changes can increase the risk of running-
related injuries in both the dominant and non-dominant limbs. Future researchers
are advised to consider limb dominance in their studies.
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Extended Abstract

Introduction

Running is one of the most popular forms of
exercise, offering numerous health benefits.
However, it also carries a high risk of lower limb
injuries, particularly for novice runners. The trunk
muscles play a crucial role in maintaining proper
running mechanics, as they help stabilize the upper
body and facilitate energy transfer between the
upper and lower limbs. Fatigue in these muscles
may disrupt optimal running mechanics and
increase the risk of injury.

Previous research has shown that trunk
muscles fatigue can alter running mechanics,
increase ground reaction forces (GRF), and affect
postural balance. During running, the dominant leg
is primarily responsible for energy generation,
while the non-dominant limb contributes to
balance and stability. Thus, during running and
locomotion, these two limbs have distinct
mechanical roles. This functional difference leads
to asymmetry during running and movement.
Asymmetry is a risk factor for injuries in runners.
Given that trunk muscles play a crucial role in
optimal running mechanics and their fatigue alters
running mechanics, it is expected that fatigue in
these muscles would differentially affect the
mechanics of the dominant and non-dominant
limbs.

Given that asymmetry is considered a cause of
overuse injuries in runners and trunk muscles play
a key role in maintaining optimal body mechanics,
the effect of trunk muscles fatigue or weakness on
ground reaction force (GRF) asymmetry has not
been thoroughly investigated. Therefore, the
present study aimed to examine the effect of trunk
muscles fatigue on GRF between the dominant and
non-dominant limbs in novice runners. Since the
dominant and non-dominant limbs exhibit distinct
functional roles during running, we hypothesized
that trunk muscles fatigue would differentially
affect GRF parameters in each limb.

Method

A total of 30 novice runners (15 males and 15
females; age = 20.9 + 3.1 years, height = 172.5 +
6.2 cm, weight = 64.1 + 8.3 kg) participated in this
study. Participants first received a detailed
explanation of the testing protocol. To familiarize
with the conditions, they were asked to perform
several practice runs along a 16-meter track.
Participants then completed at least six running
trials at a speed of 3.3 m/s (mean = 5%) on the
track, which featured an embedded force plate at
the midpoint. Following baseline measurements,
participants performed the trunk muscles fatigue

protocol. The pre-fatigue running tests were then
repeated under identical conditions to assess the
effects of trunk muscles fatigue on the outcome
variables.

Results

Results indicated a significant main effect of
trunk muscle fatigue on GRF outcomes (Wilks’
Lambda =0.207 ,F (10,20) = 7.67, p = 0.001, n2
p=0.79). Additionally, there was a significant main
effect of side on GRF outcomes (Wilks’ Lambda=
0.019 ,F (10,20) = 105.35, p = 0.001, n2 p=0.98).
Furthermore, a significant  fatigue-by-side
interaction was found on GRF outcomes (Wilks’
Lambda =0.136, F (10,20) = 12.686, p=0.001, 2
p=0.864). HSD post-hoc tests revealed that after
trunk muscle fatigue, the dominant leg showed an
increase in peak medial force (p = 0.001). In the
nondominant leg, there were decreases in peak
lateral force (p= 0.003), peak braking force (p =
0.017), and negative free moment (p = 0.001),
while medio-lateral impulse increased (p = 0.005)
(Table 1).

Discussion

The primary objective of the current study was
to determine the effects of trunk muscles fatigue on
ground reaction force (GRF) characteristics in both
dominant and non-dominant limbs of novice
runners. The results revealed that trunk muscle
fatigue differentially affects GRF characteristics
between the dominant and non-dominant limbs.
This finding indicates alterations in running
mechanics and lower limb function following trunk
fatigue.

Under normal conditions, trunk muscles with
proper stretch-shortening cycle characteristics can
optimally perform their functions. However,
during  fatigue,  these  stretch-shortening
characteristics become disrupted and stretch reflex
sensitivity decreases. Furthermore, impaired trunk
muscle function, such as during fatigue,
compromises their ability to: provide a stable base
for shock absorption and generate and transfer
torque from the lower limbs during running.

Our results demonstrated that trunk muscles
fatigue induces distinct alterations in ground
reaction force (GRF) characteristics between
dominant and non-dominant limbs. In the dominant
limb, trunk muscles fatigue led to increased peak
medial force, while in the non-dominant limb, it
resulted in increased mediolateral impulse along
with decreased peak lateral force, peak braking
force, and peak negative free moment.

The increased loading during running elevates
cumulative lower limb loading. Given the
repetitive and prolonged nature of running, this
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elevated loading may increase the risk of stress
fractures and overuse syndromes. The increased
medial GRF component is associated with running-
related injuries, potentially elevating the risk of
conditions such as patellofemoral pain syndrome,
iliotibial band syndrome, and other lower extremity
overuse injuries in runners.

In the non-dominant limb, results showed that
following trunk muscles fatigue, the mediolateral
impulse increased, while peak lateral force, peak
braking force, and negative free moment
decreased. The increased mediolateral impulse
may be associated with a higher risk of ankle and
knee injuries. It has been shown that while
increased mediolateral impulse doesn't directly
correlate with ground reaction forces, it affects
ground reaction force distribution during the stance
phase of running. The lateral ground reaction force

plays a crucial role in maintaining balance and
stability during the stance phase. Reduction in
lateral ground reaction force may lead to decreased
stability, increased lateral instability, and higher
fall risk. However, the observed decreases in peak
braking force and negative free moment in the non-
dominant limb might reduce running-related injury
risk.

The findings of the current study demonstrate
that trunk muscles fatigue alters ground reaction
force patterns, which in turn increases the risk of
running-related injuries. Therefore, it can be
concluded that weak trunk muscles elevate the risk
of running overuse injuries. Consequently, special
attention should be paid to strengthening trunk
muscles and improving their endurance to reduce
the risk of running-related injuries.

Table 1: Ground reaction force outcomes of dominant and nondominant legs in before and after trunk muscles fatigue. Data are

presented as mean =+ sd.

Variables Limb side Pre-fatigue Post-fatigue T Sig (Tukey)
Peak Lateral Force (N/BW) Domlnan_t .17 £.06 .18 £.07 .5662 941
Nondominant .17 +.05 .14 £ .05 3.868 .003
Peak Braking Force (N/BW) Domlnan_t 51+.10 b51+.14 115 .999
Nondominant 49+ .11 .45 + .08 3.201 .017
Peak Vertical Ground Reaction Dominant 2.25+.23 2.25+.35 0.0253 1.000
Force (N/BW) Nondominant 2.15+ .36 2.07 + .32 1.6123 388
Peak Medial Force (N/BW) Domlnan-t -.08 £.03 -.102 +.03 5.228 .001
Nondominant -.106 + .04 -.109 + .03 417 975
Peak Propulsive Force (N/BW) Domlnan_t -.27 +£.042 -29+.05 1.611 .388
Nondominant -19+.04 -19+.05 734 .883
Medio-Lateral Impulse (N-s/BW) Domlnan_t 5.31+2.16 7.32+3.39 2.572 .070
Nondominant 5.07 £ 3.39 7.38+2.79 3.702 .005
Antero-Posterior Impulse (N-s/BW) Domlnan_t 19.59+7.71 24.40 + 15.07 1.396 512
Nondominant 20.22 +7.49 23.40 £ 8.17 2.595 .066
Vertical Impulse (N-s/BW) Domlnan_t 187.63 £ 30.04 216.22 £100.54 1.508 446
Nondominant 194.25 + 61.55 220.9 + 65.82 2.489 .083
Positive (Adductor) Free Moment Dominant .15 £ .06 .14 £ .03 1.502 .450
(Nm/BW) Nondominant .069 +.03 .068 + .03 198 997
Negative (Abductor) Free Moment Dominant -.089 = 04 -10+ .03 1.14 .670
(Nm/BW) Nondominant -18+.05 -15+.05 6.07 .001
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