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Research Paper
Effect of Overweight and Fatigue on Ankle Directed 
and General Co-contraction During Running

Purpose: It is uncertain how fatigue protocol and overweight affect electromyography (EMG) 
activity of lower limb muscles. The purpose of this research was to evaluate how excessive body 
weight and fatigue influence the co-contraction of the ankle joint during running.

Methods: Forty-eight females were divided into four groups. The first group consisted of 
individuals with a body mass index (BMI) of less than 25 kg/m² and normal foot (navicular drop: 
4 to 10 mm). The second group consisted of individuals who had a BMI within the normal range 
(BMI <25 kg/m²) and had feet that rolled inward (a navicular drop of more than 10 mm). The 
third group included individuals who had a BMI of 25 kg/m² or higher and normal feet (navicular 
drop: 4 to 10 mm). The fourth group included individuals with a BMI of 25 kg/m² or higher 
and flat feet (navicular drop: More than 10 mm). The running task was done at approximately 
3.2 m/s over an 18-meter distance before and after the fatigue protocol. The walkway had a 
force plate embedded at its midpoint. Activity from the tibialis anterior, gastrocnemius medialis, 
vastus lateralis (VL), vastus medialis (VM), rectus femoris (RF), biceps femoris (BF) and semi 
tendinosus (ST) were collected using a surface bipolar EMG system. 

Results: The results demonstrated significant main effects of “group” for general ankle co-
contraction during the loading phase. Pairwise comparisons demonstrated significantly greater 
general ankle co-contraction   in the overweight/normal foot group compared to the other groups. 

Conclusion: The general ankle co-contraction values were higher in the overweight groups than 
in the normal groups, which can be associated with overloads on the ankle joint. These findings 
can be useful for designing rehabilitation protocols for overweight people with and without 
pronated feet. 
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Introduction

besity is one of the important factors that 
can lead to running-related injuries [1]. 
However, most people who suffer from 
this condition have started recreational 
activities, such as running in order to de-
crease weight and improve cardiovascu-

lar and metabolic health [2, 3]. Currently, it is not pre-
cisely known whether running leads to an increased risk 
of orthopedic injuries in overweight people due to high 

mechanical pressures on the musculoskeletal system or 
not. It has been reported that excessive weight changes 
the biomechanics of the ankle joints, especially in the 
rear foot, which ultimately leads to flat feet and a lack of 
stability in the body during dynamic activities [2]. Fur-
thermore, it has been observed that 25% of overweight 
runners, compared to 15% of normal-weight runners, 
suffer from running-related injuries [1]. 

O

Highlights 

● The results demonstrated significantly greater general co-contraction   of the ankle joint in the overweight/normal 
foot group compared to the other groups.   

● The findings demonstrated significantly greater general co-contraction of the ankle joint during the loading phase 
after the fatigue protocol.

Plain Language Summary 

Obesity is one of the important factors that can lead to running-related injuries. However, most people who suffer 
from obesity have started recreational activities, such as running in order to decrease weight and improve cardiovas-
cular and metabolic health. It has been observed that 25% of overweight runners, compared to 15% of normal-weight 
runners, suffer running-related injuries during the test. One of the key contributors to lower limb injuries while running 
is the presence of pronated feet. The pronated foot is identified by a reduction in the arch along the middle longitudi-
nal area during weight bearing, which is resolved in non-weight bearing conditions. The prevalence of excessive foot 
pronation is from 48% to 78% in young people and about 2-23% in adults. Excessive foot pronation is also common in 
overweight adults. Pronation has been reported to be more problematic in overweight individuals compared to normal-
weight adults. Despite this, there is limited showing of a relationship between overweight people with pronate feet and 
injuries caused by running. Therefore, the parameters derived from these biomechanical components appear to be sig-
nificant and necessary to define the cause of injury in overweight people. Thus, the present study aimed to investigate 
how fatigue and overweight interact to affect general and directional co-contraction of the ankle joint. Forty-eight fe-
males were divided into four groups. The first group consisted of individuals who had a body mass index (BMI) of less 
than 25 kg/m² and normal foot (navicular drop: 4 to 10 mm). The second group consisted of individuals who had a BMI 
within the normal range (BMI <25 kg/m²) and feet that rolled inward (a navicular drop of more than 10 mm). The third 
group included individuals who had a BMI of 25 kg/m² or higher and normal feet (navicular drop: 4 to 10 mm). The 
fourth group included individuals with a BMI of 25 kg/m² or higher and flat feet (navicular drop: More than 10 mm). 
The running task was done at about 3.2 m/s over an 18-meter before and after the fatigue protocol. During the running 
trial, EMG patterns were captured using bipolar Ag/AgCl surface electrodes. The EMG data analysis was split into 
two stages to examine the run: the initial phase covering 0‒50% of the stance phase and the second half 50‒100% of 
the stance phase. To normalize the data, each muscle’s information was divided by the maximum voluntary isometric 
contraction (MVIC) of that muscle and then multiplied by a hundred. Both directional co-contraction and general co-
contraction were analyzed in different phases of running. The findings indicated substantial overall effects of “Group” 
on the general co-contraction of the ankle joint during the loading phase (P=0.043, ƞ2=0.168). Pairwise comparisons 
showed a notably higher level of general co-contraction of the ankle joint in the overweight/normal foot group com-
pared to the other groups. Overweight individuals exhibited higher general co-contraction values in the ankle joint 
compared to those of normal weight. The ankle joint can be affected by various loads, which makes these discoveries 
valuable for creating rehabilitation plans for overweight people with pronated feet or both conditions. 
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Pronated feet are one of the important factors that lead 
to lower limb injuries during running [4, 5]. A pronated 
foot is characterized by a decrease in the middle longitudi-
nal arch during weight bearing, which is resolved in non-
weight-bearing conditions. The prevalence of excessive 
foot pronation is from 48% to 78% in young people [6] 
and about 2-23% in adults [7]. Excessive foot pronation is 
also common in overweight adults [8, 9]. Overweight in-
dividuals are said to experience more problems with pro-
nation than normal-weight adults [10-12]. Despite this, 
limited data shows a relationship between overweight 
people with pronated feet and injuries caused by running. 
For example, Jafarnezhadgero et al. investigated the ef-
fect of excessive body weight along with pronated feet on 
kinetic variables during running. Excessive body weight 
affects the ground reaction force variables during running 
[13-15]. Also, the findings indicated that there was a rise 
in medio-lateral forces while running during the stance 
phase. It appears that people who have extra weight and 
flat feet employ a specific technique to decrease the verti-
cal impact while running [16]. Irving et al. reported that 
obesity and pronated feet are associated with chronic pain 
in the heel and may be important factors contributing to 
running-related injuries [17]. Vincent et al. conducted a 
study on how body mass index (BMI) impacts the bio-
mechanical variables of recreational runners while they 
run. The results showed that overweight athletes exhib-
ited a higher loading rate than normal-weight athletes by 
increasing stiffness in the lower limbs and limiting the 
amount of vertical displacement [18]. 

Preventing and delaying fatigue is one of the most ef-
fective factors in competitive sports [19]. Other factors, 
such as the different types of muscle fiber composition 
in overweight individuals can be effective in the occur-
rence of fatigue [20, 21]. It has been reported that the 
ratio of fast-twitch fibers (higher fatigue resistance) 
compared to slow-twitch fibers (resistant to fatigue) is 
higher in overweight people [22]. Mehta et al. report-
ed a 32% decrease in muscle endurance of overweight 
people compared to people with normal weight during 
maximal contraction [23]. Several studies have reported 
greater electromyography (EMG) activity of knee joint 
muscles [23-25] in people with knee osteoarthritis com-
pared to healthy people. Since EMG activity provides 
information about injuries caused by running [26, 27], 
the biomechanical components yield crucial parameters 
for identifying and understanding the causes of injury in 
overweight individuals. Thus, the present study aimed 
to determine the interactive effect of fatigue and over-
weight on the general and directional co-contraction of 
the ankle joint while running. 

Materials and Methods 

This clinical trial was conducted in 2023 in Ardabil City. 
The number of samples was determined using G*Power 
software. The calculation parameters included a signifi-
cance level of 0.05 (type I error) and a type II error equal 
to 0.05. Also, utilizing a pre-test and post-test design and 
considering a correlation coefficient of 0.5 and an effect 
size of 0.8 using a two-way analysis of variance, at least 
40 people were required to participate in the present study 
[28, 29]. As a result, the statistical sample of the present 
study included 48 females who were divided into four 
groups. The first group included individuals with a normal 
BMI (e.g. 20≤ BMI <25 kg/m2) and normal foot (e.g. 4< 
navicular drop <10 mm, foot posture index between 0 and 
6). The second group included individuals with normal 
BMI and pronated feet (e.g. 19> navicular drop>10 mm, 
12≥ foot posture index >10). The third group included in-
dividuals who were overweight/obese (e.g. 35≥ BMI ≥25 
kg/m2) with normal feet. The fourth group included over-
weight individuals. The foot posture index is described in 
detail elsewhere [12, 13]. 

The characteristics of the groups are depicted in Table 1. 
All participants were right-footed and their superior foot 
was determined by the ball kick test. An orthopedic doc-
tor evaluated the anthropometric characteristics of all par-
ticipants before the study. Those without any symptoms of 
musculoskeletal or neurological disorders were placed in 
the first group. The difference in the drop of the navicular 
bone was used to diagnose the pronation of the subjects. 
Each subject was asked to sit on a chair and place their 
foot in a weightless position. In this position, the distance 
between the prominence of the navicular bone and the sur-
face of the ground was measured. Then, the subjects were 
asked to stand and distribute their weight equally on both 
legs. At this point, the height from the navicular bone to 
the sole was measured. If the difference between the two 
measurements was 5-10 mm, the person was classified as 
having a normal foot; if the difference was greater than 10 
mm, the person was classified as having a pronated foot 
[12, 13]. The absence of orthopedic injuries, heart disease, 
respiratory issues, and the duration of the test protocols 
were among the criteria for inclusion in the study. The fol-
lowing exclusion criteria applied to all groups: A history of 
surgical procedures on the musculoskeletal system related 
to the torso and/or lower extremities, cardiorespiratory or 
neuromuscular conditions, orthopedic issues, and lower 
limb length discrepancies exceeding 5 mm. Also, ethical 
research standards were followed at all stages, and con-
sent was obtained from the participants to participate in 
the study. All aspects of the research implementation are 
in line with the principles of the Declaration of Helsinki. 
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During the test session, the participants first performed 
4 minutes of dynamic stretching and 5 minutes of warm-
up in the form of light running (10-11 on the Borg scale 
of 6-20 points). Participants were instructed to run at a 
consistent speed of approximately 3.3 m/s using com-
parable running shoes both before and after the fatigue 
protocol (with 5% variability). A force plate was embed-
ded in an 18-meter-long walkway above the ground. 
The average speed of running was calculated by divid-
ing the distance covered during running (i.e. 18 m) by 
the time taken for running, which was measured using a 
chronometer. Participants were instructed to ideally land 
with their dominant foot in the middle of the force plate 
[14] to reduce the chances of exceeding the boundaries 
of the force platform. 

Fatigue protocol

The fatigue protocol was performed using an advanced 
model treadmill (Horizon Fitness, Omega GT, USA) 
without incline. In the beginning, the subjects began 
the protocol while walking at a speed of 6 km/h, with 
the treadmill speed increasing by 1 km per hour every 
2 minutes. The Borg perception scale was used to de-
termine the final moment of fatigue of the participants. 
Once the participants indicated a perception score of 13 
or more on the Borg scale, the treadmill speed was ad-
justed to facilitate steady-state running. The fatigue pro-
tocol finished after maintaining a steady-state running 
pace above 17 on the Borg scale or reaching 80% of the 
maximum heart rate for two minutes [30]. Immediately 
after the fatigue protocol, the subjects were asked to 
perform the running protocol again at a specified speed, 
completing 6 repetitions of running while muscle activ-
ity was recorded. During the running trial, EMG patterns 
were captured with bipolar Ag/AgCl surface electrodes 
that were placed parallel to the direction of the muscle fi-
bers, maintaining a distance of 20 mm between the elec-
trodes. Rigorous skin preparation was executed to ensure 
that skin impedance remained at or below 5000 Ω. The 
EMG system (Data LITE EMG, Biometrics Ltd, Eng-
land) recorded the EMG data at a frequency of 1000 Hz 
with great precision, with great precision, demonstrating 
a validity of 0.91 and a reliability of 0.95 [31]. 

The method of electrode placement was bipolar, and 
the distance between the centers of both electrodes was 
20 mm. The electrodes were attached along the muscle 
fibers after the identification of the landmarks [32]. 
Based on the protocol (surface EMG for the non-inva-
sive Assessment of Muscles), surface electrodes were 
installed to record electrical signals from the selected 
muscles: Tibialis anterior (TA), gastrocnemius medialis 

(Gas-M), vastus lateralis (VL), vastus medialis (VM), 
rectus femoris (RF), biceps femoris (BF), and semiten-
dinosus (ST) [33]. Surface EMG signals were recorded 
at 1000 Hz and smoothed using a 10-500 Hz low-pass 
filter. The EMG signals were recorded with a portable 
Wi-Fi transmission device at a 1000 Hz analog-to-dig-
ital conversion rate and 16-bit resolution, with an am-
plitude range of ±5 V. The signals were band-pass fil-
tered within the range of 10 to 500 Hz and had an input 
impedance greater than 10 Ω. Additionally, the common 
mode-rejection ratio was greater than 110 dB. The run 
was divided into two phases to analyze the EMG data: 
The first half (0‒50% stance phase) and the second half 
(50‒100% stance phase) of the stance phase. To normal-
ize the data, the information for each muscle was divided 
by the MVIC of that muscle and then multiplied by a 
hundred. The following relations were used to determine 
the values of both directional co-contraction and general 
co-contraction in different phases of running (Equations 
1 and 2) [15]: 

Antagonist of average activity muscles
Agonist of average activity muscles

1. Directional co-contraction=Average activity of an-
tagonist muscles average activity of agonist muscles−1

Antagonist of average activity muscles
Agonist of average activity muscles

2. Directional co-contraction=Average activity of ago-
nist muscles average activity of antagonist muscles−1

Statistical analysis

The running variables extracted were averaged for 
each participant across six trials. The values are shown 
as Mean±SD. Confirmation of the normal distribution of 
data was carried out using the Shapiro-Wilk test. Cus-
tom-made scripts were utilized for all analyses (Matlab 
R2022a, MathWorks, Natick, USA). A separate two-way 
ANOVA with repeated measures was used to calculate 
the primary impacts of body mass (normal weight and 
overweight) and foot pronation (normal foot and pronat-
ed foot) for each dependent vareiable. Eta squared was 
used to estimate the effect sizes (0.01<η²≤0.06: Small 
effect size (ES); 0.06>η²<0.14=moderate effect size; η² 
≥0.14: High effect size). The level of significance was 
established at P<0.05. All analyses were performed us-
ing SPSS software, version 23. 
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Results

The anthropometric characteristics of the four groups 
are shown in Table 1. 

The findings indicated that there were noticeable prima-
ry effects of “group” on the overall co-contraction of the 
ankle joint during the loading phase (P=0.043, ƞ2=0.168). 
Pairwise comparisons demonstrated significantly greater 
general co-contraction of the ankle joint in the overweight/
normal foot group compared to the other groups (Table 2). 

During the loading phase, significant main effects of 
“fatigue” were observed for the directed co-contraction 
of the ankle joint (P=0.007, ƞ2=0.154). Directional co-
contraction of the ankle joint during the loading phase 
decreased at the post-test compared with the pre-test 
(Table 2). 

No significant group-by-fatigue interactions were 
found for general and directed co-contraction of the 
muscles of the ankle joint during the loading and push-
off phases (P>0.05) (Table 2).

Discussion

The present study aimed to determine the impact of 
having pronated feet and being overweight on the gen-
eral and directional co-contraction of the ankle joint in 
women under a fatigue protocol. A statistically signifi-
cant influence of the group factor was observed on the 
general co-contraction values of the ankle joint during 
the loading response phase. The post hoc test results in-
dicated that the general co-contraction values of the an-
kle joint during the loading response phase are higher in 
the overweight group than in the normal weight group. 

Table 1. Anthropometric characteristics of four groups
 

Group

Mean±SD

1 vs 2 1 vs 3 1 vs 4 2 vs 3 2 vs 4 3 vs 4
Normal Weight/
Normal Foot (1)

Normal Weight/
Pronated Foot (2)

Overweight/
Normal Foot 

(3)

Overweight/Pro-
nated Foot (4)

Height (cm) 164.9±4.5 165.8±5.06 160.6±5.06 164.3±6.44 0.97 0.22 0.99 0.09 0.90 0.34

Weight (kg) 55.5±7.3 54.4±9.02 79.2±12.1 75.1±12.8 0.99 0.00 0.00 0.00 0.00 0.78

Body mass 
index (kg/m2) 20.3±2. 19.7±2.7 30.6±4.2 27.8±4.4 0.67 0.00 0.00 0.00 0.00 0.57

Age (y) 21.9±3.7 22±3.83 28.5±7.21 24.4±7.31 1.00 0.03 0.71 0.03 0.73 0.30

Table 2. Mean ankle muscular co-contraction of lower limb muscles during the loading phase

Muscles

Mean±SD

Fatigue
P (ƞ2)

Group
P (ƞ2)

Fatigue and 
Groups
P (ƞ2)

Normal Weight Normal Normal Weight Pro-
nated Foot

Overweight Normal 
Foot

Overweight Pronated 
Foot

Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test

General
co-contraction

(loading 
phase)

76±29.4 80.6±29.4 81±21.5 77.2±26.2 90.1±31.4 123.7±82.9 88±33 104.6±26.7 0.053 (0.122) 0.043 (0.168)* 0.064 (0.4)

Direct co-
contraction

(loading phase
0.58±0.33 0.72±0.24 0.46±0.49 0.68±0.21 0.53±0.29 0.77±0.27 0.65±0.28 0.74±0.17 0.154 (0.007)* 0.033 (0.683) 0.019 (0.832)

General
co-contraction

(push-off 
phase)

187.4±84.4 213.4±92.2 197.8±139.9 146.9±48.5 209.5±77 223.6±65.8 175.3±67.1 217±79.3 0.005 (0.639) 0.062 (0.415) 0.095 (0.216)

Direct Co-
contraction

(push-off 
phase)

0.54±0.32 0.62±0.16 0.59±0.22 4.4±13.7 0.66±0.19 0.38±0.6 0.45±0.38 0.55±0.24 0.020 (0.353) 0.063 (0.411) 0.061 (0.425)

The bold items demonstrate significant difference.
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It has been reported that increasing general co-contrac-
tion results in higher loads on the knee joint. Since direc-
tional contraction provides the greatest effect in reducing 
the loads on the joint by preventing the condyles of the 
knee joint from separating [15], the effect can also be 
elicited by general co-contraction. However, because it 
is not directional, general co-contraction is ineffective in 
preventing the condyles from lifting and may irrationally 
increase all joint loads [15, 34]. Maktouf et al. reported 
that obesity leads to an increase in the co-contraction of 
the soleus muscle and the TA muscle in the ankle joint in 
young people, in order to reduce the mobility limitations 
associated with obesity and adjust the appropriate move-
ment posture to cope [35]. The function of the agonist 
muscle may be reduced, and stiffness in the joint may 
increase due to high levels of co-contraction, ultimately 
resulting in further fatigue. For these reasons, the rise in 
muscle co-contraction should not be viewed as a positive 
adjustment due to its correlation with adverse outcomes 
that may impact an individual’s other daily tasks. Also, 
Tomlinson et al. examined the simultaneous contraction 
of the muscles around the ankle joint during the maximal 
isometric contraction in overweight adults, with findings 
indicating that muscle co-contraction during contraction 
is not impacted by obesity [36]. 

However, the demographic characteristics and the pro-
tocol implemented in these studies are different from the 
current research. Co-contraction is one of the possible 
factors for movement disorders with fatigue [37]. Also, 
in line with the unbiasedness of the results, we can refer 
to the study by Jafarnezhadgero et al., who reported a re-
duction in the co-contraction of the ankle joint in people 
with excessive pronation. The current study’s findings 
indicated the statistically significant impact of fatigue on 
the directional co-contraction values of the ankle joint 
during the loading response phase. Pairwise compari-
sons showed a significant increase in the directional co-
contraction of the ankle joint during the loading response 
phase in the post-test compared to the pre-test in all 
groups. Also, the highest co-contraction was observed in 
the overweight/pronates group in the post-test compared 
to the pre-test. The co-contraction of the antagonist and 
agonist muscles in the inner part of the knee joint results 
in directional changes in activity, supporting the abduct-
ing moment, while the contraction of the antagonist and 
agonist muscles on the outer part of this joint supports 
the adducting moment. It has also been reported that 
directional co-contraction directly supports the external 
moment of this joint to prevent joint condyle separation 
and reduce the loads on the joint [15]. 

The results of the present study align with reports in-
dicating that a reduction in muscle co-contraction dur-
ing prolonged contractions results in an elevated fatigue 
failure point. The reduction in muscle co-contraction is 
a crucial element in reducing joint stability and steadi-
ness. The increase in muscle co-contraction leads to the 
loss of productive energy and is finally one of the fac-
tors involved in causing fatigue [38-41]. It seems that 
the decrease in the amount of energy produced is one of 
the reasons for the increase in co-contraction after the 
fatigue protocol in the overweight/pronate foot group. 
Reportedly, an increase in co-contraction in the ankle 
joint results in enhanced stability and movement control, 
leading to heightened joint stiffness [42, 43]. While other 
studies have reported a direct relationship between in-
creased joint co-contraction and decreased stability and 
movement control, this issue can be discussed from sev-
eral perspectives. First, the activity of large and strong 
muscles is directly related to the increase in energy con-
sumption. As a result, it leads to fatigue in the person and 
reduces stability in the joint [44]. Secondly, the increase 
in co-contraction in the joint leads to movement restric-
tion during dynamic activities [44]. Only women were 
present in the current study, which was one of the limita-
tions of the study; thus, it is not possible to generalize 
the results to men. Also, limitations related to electrode 
placement prevented the recording of activity in certain 
muscles of the lower and upper limbs, which should be 
investigated in future studies. Furthermore, the lack of 
registration of kinematic variables was another limita-
tion of the present study. 

Conclusion 

The general co-contraction values of the ankle joint 
were higher in overweight individuals than in those of 
normal weight, which may be associated with increased 
loads on the ankle joint. Our findings can be useful for 
designing rehabilitation protocols for overweight people 
with pronation or for those experiencing both conditions. 

Ethical Considerations

Compliance with ethical guidelines
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