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Evertor muscle fatigue decreases the passive inversion joint position sense  
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Abstract
Introduction. The study aimed to investigate the effect of evertor muscle fatigue on passive inversion joint position sense in 
female volleyball players.
Methods. A cross-sectional design was implemented in this study. The passive inversion joint position sense of 25 college-age 
female volleyball players was assessed in fatigue and non-fatigue conditions. A 10° subtalar inversion was used as a target angle 
for position sense evaluation. The assessment of position sense and the induction of fatigue were performed with a Biodex 
System isokinetic device. The average error of joint position sense was measured in both fatigue and non-fatigue conditions.
Results. There was a significant reduction in passive inversion joint position sense when the evertor muscles were fatigued 
(p < 0.001).
Conclusions. Peroneal muscle fatigue declines the subtalar joint inversion position sense in female volleyball players.
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Introduction

Fatigue is considered one of the most popular complaints. 
it can be experienced by diseased, normal, or athletic pop-
ulations [1]. Muscular fatigue arises when there is a decline 
in skeletal muscle performance during physical activity [2, 
3]. in sport, fatigue commonly occurs because of prolonged 
training and excessive stress coming from repeated com-
petitions. Athletes usually experience fatigue near the end 
of their training sessions or competitive matches.

Volleyball players, especially females, are exposed to fa-
tigue during their practice [4]. They demonstrate a high rate 
of lateral ankle sprains (LASs) [5, 6]. These injuries occur near 
the end of the matches, when muscular fatigue usually takes 
place [7, 8]. Activities such as spiking, blocking, and changing 
direction place severe stress on the ankle joint and the sur-
rounding protective tissues, such as ligaments and muscles [9].

if ignored, fatigue could lead to overwork, chronic fatigue 
syndrome, overtraining syndrome, and, consequently, pre-
mature retirement [1]. The characteristics of the skeletal mus-
cles change with fatigue [10]. For example, fatigue has been 
shown to impair the mechanical proprieties of the involved 
muscle [11], with the potential result of altering the function 
of the muscular proprioceptors (muscle spindles) [12]. Sig-
nals from these receptors are important for proper reaction 
timing, better reporting of sense of movement and position, 
and producing optimal postural reflexes [13].

Evertor muscles play an important protective role; they 
contract eccentrically to prevent excessive inversion move-
ment in the subtalar joint and protect the lateral ankle liga-
ments from injury. Their fatigue affects the function of their 
proprioceptors, increasing the risk of falling and decreasing 
the ability of skeletal muscles to counteract excessive stress. 
Therefore, the subject becomes vulnerable to lateral ankle 
injuries [14].

A better understanding of fatigue and of how it affects 
different body functions can play a major role in enhancing 
the performance of female volleyball players and decreasing 
the risk of fatigue-related injuries in this sport [12]. Studying 
the influence of evertor muscle fatigue on joint position sense 
in female volleyball players may provide evidence concerning 
the role of fatigue as a risk factor for LASs [15]. Consequently, 
appropriate measures could be considered to control the 
harmful effect of fatigue and decrease the risk for LASs in 
female volleyball players.

Unfortunately, the literature contains few studies that have 
investigated the influence of fatigue on the ankle joint pro-
prioception. The effect of evertor fatigue on ankle joint posi-
tion sense has been investigated on 4 occasions [16–19]; 3 
studies have focused solely on normal subjects [16, 18, 19], 
while only one addressed male soccer players [17]. All of them 
except one [19] have reported a negative effect of evertor 
muscle fatigue on the accuracy of ankle proprioception. 
These papers, however, did not mention the encountered 
limitations and did not consider volleyball players.

The purpose of this study was to examine the effect of 
evertor muscle fatigue on passive inversion joint position 
sense (PiJPS) in female volleyball players.

Subjects and methods

design

This cross-sectional study was performed in an isokinetic 
laboratory setting.

Sample size

A pilot study was conducted and its results were used 
to calculate the appropriate sample size for the main study. 
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Five volleyball players who did not participate in the main 
study joined the pilot study. PiJPS was measured with an 
isokinetic dynamometer during fatigue and non-fatigue con-
ditions of the evertor muscles of the dominant limb. Average 
error [8] was calculated around 10° inversion. The G*Power 
software (University of düsseldorf, düsseldorf, Germany) was 
used with the following data: power of 80%, significance 
level of 5%, effect size of 0.6. The results indicated that 25 
participants would be required to execute the study.

Participants

A total of 25 healthy college-age female volleyball players 
participated in this study. Healthy females who had prac-
tised volleyball regularly for the previous year were eligible. 
The recruitment process was conducted within a campus 
of Cairo University, Egypt, through announcements using 
students’ social media groups, between August and Novem-
ber 2018.

Participants with a history of diabetes, chronic ankle insta-
bility, rheumatologic disease, restricted joint mobility, lower 
extremity injury or surgery, neurological disorders, as well as 
those using medications that could alter deep sensation were 
excluded.

Instrumentation

A Biodex System 3 Pro isokinetic dynamometer (Biodex 
Medical Systems, Shirley, NY, USA) was used to assess 
PiJPS and induce fatigue to the evertor muscles.

The isokinetic machine has been widely used to produce 
muscular fatigue in research [16–19]. Fatigue has been also 
evoked by other methods, such as prolonged static activity 
[20] and actual sports activities [17]. The isokinetic dyna-
mometer has been reported to be a safe, valid, and reliable 
tool for inducing fatigue and assessing joint position sense 
[21]. it was used in the study because of its validity and reli-
ability for assessing muscle performance [22–24], measuring 
joint position sense [25], as well as inducing and assessing 
fatigue [21].

Procedures

The study procedures and participants’ rights were ex-
plained before the start of the study; then, the recruited sub-
jects were screened for inclusion and exclusion criteria. Their 
personal and demographic data were recorded (Table 1).

As a warm-up, each participant was instructed to perform 
stretching for ankle muscles and hamstrings [18].

Proprioception assessment

The participants were instructed to sit on the Biodex iso-
kinetic chair. The back support of the chair was inclined back-
ward to form a 60° angle with the horizontal plane to relax 
the hamstring muscle [19].

The participant was asked to rest the dominant lower limb 
on a horizontally aligned limb support pad and place the tested 
foot on the footplate [19]. dominance was determined by 
establishing the preferred leg used to kick a ball [26].

Straps on the lap and knee were used to secure the sub-
ject’s position. The participants were asked to fold their arms 
across the chest, let the non-tested foot hang freely, and 
close their eyes to eliminate visual feedback (Figure 1).

The chosen protocol allowed each participant to perform 
3 familiarization trials before conducting the actual test. The 

dynamometer was adjusted to move the tested foot in an 
inversion with a speed of 2°/s [16, 18]. When the dynamom-
eter reached 10° of inversion, it sustained this position for 
5 seconds [16]. Meanwhile, the participant was instructed to 
memorize this position. The tested foot then was returned 
to the starting position to perform the actual test trial. in the 
actual test, the dynamometer moved the tested foot in the 
inversion direction slowly and the participant was instructed 
to push a stop-button upon reaching the target angle [18]. 
once the participant pushed the button, the dynamometer 
stopped and the device recorded the inversion angle in de-
grees. This test was repeated 3 times and the average error 
around the predetermined angle was calculated and used 
for the subsequent data analysis.

Fatigue protocol

After recording the joint position sense, the participants 
were allowed to rest for 5 minutes before a fatiguing proto-
col was implemented [17]. The tested foot was secured to 
the foot attachment of the isokinetic device in the anatomical 
position. The knee was flexed at 45° and the hip at 70°. The 
foot and thigh were secured in place with 2 Velcro straps. 
Three maximal isometric eversion efforts, with 5-minute rest 
intervals, were performed to determine the participant’s maxi-
mum voluntary contraction torque, later applied to establish 
the onset of fatigue.

To induce fatigue, the participant was instructed to per-
form repeated eversion contractions above 70% of the pre-
determined maximum voluntary contraction. This testing 
protocol had revealed valid results in a previous study [27]. 
The test was terminated if the participant reached the fa-

Figure 1. Assessment of passive inversion joint position sense

Figure 2. induction of fatigue to evertor muscles  
by using the isokinetic machine
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tigue level. Fatigue occurred when 3 successive contractions 
dropped below 50% of the predetermined maximum level. 
The reassessment of joint position sense was performed 
within 2 minutes of the end of the fatigue protocol before 
recovery took place [17] (Figure 2).

Statistical analysis

data analysis was performed with the SPSS version 24 
software (SPSS inc., Chicago, USA). Numerical data were 
summarized by using means, standard deviations, median, 
and range. A paired t-test was performed to compare the 
average error values in the fatigued and non-fatigued con-
ditions. The alpha level was set at p < 0.05.

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, 
has followed the tenets of the declaration of Helsinki, and 
has been approved by the Cairo University Research Ethics 
Committee (No.: P.T. REC/012/001928).

Informed consent
informed consent has been obtained from all individuals 

included in this study.

Results

All participants were young adults. Their age ranged from 
18 to 24 years. Their mean body mass index remained with-
in the normal category (Table 1). only 2 participants (8%) 
demonstrated left leg dominance, while 23 (92%) had a domi-
nant right lower limb.

The statistical analysis demonstrated that PiJPS was 
significantly higher during the fatigue condition at 10° of an-
kle inversion (p < 0.001) (Table 2).

Discussion

The current study investigated the influence of fatigue 
of the evertor muscles on subtalar joint PiJPS. To select 
the appropriate sample size, a pilot study was conducted 
using the target angle of interest (10° of inversion). The 
results showed a decline in the ability to recognize the tar-
get angle when evertor muscles were fatigued.

The influence of fatigue on inversion position sense was 
studied before in healthy subjects [16, 18]. despite fatigue 
is a common problem in sports, its effect on the athletic pop-

ulation has been investigated once among male soccer 
players [17].

The present study has the following unique characteris-
tics: it is among the few studies that induced fatigue to the 
peroneal muscles and measured position sense in the inver-
sion range, it is the second study conducted in competitive 
sports players, it is the first to target female volleyball players, 
and the calculation of the sample size might increase the 
generalizability of the result.

The results of the current study agree with those of mul-
tiple previous studies [16–18], all of which have reported im-
pairments in joint position sense in fatigue conditions.

Mohammadi and Roozdar [17] assessed joint position 
sense at 15° and maximum minus 5° in inversion after induc-
ing fatigue among male soccer players. The authors divided 
the recruited sample into 2 groups and used different tech-
niques to induce fatigue in each group. Passive and active 
joint position sense were assessed before and during fatigue. 
Position sense errors were higher during fatigue in both 
groups.

Sandrey and Kent [18] reported that joint position sense 
was affected more around higher angles (20°) when com-
pared with lower angles (5°). A similar finding was observed 
earlier [28].

Lin et al. [16] compared the joint position sense between 
a group of healthy individuals and others who had a history of 
an ankle injury. They found that fatigue, as well as an ankle 
injury, led to higher errors around 10° of ankle inversion when 
compared with 20°.

Contrary to the current results, South and George [19] 
concluded that fatigue did not affect joint position sense. They 
studied the effect of evertor muscle fatigue on position sense 
around different angles in inversion and eversion. However, 
their study concerned mainly normal non-athletic subjects. 
Moreover, they did not address gender variations in the re-
sponse to fatigue.

Evertor muscles of the ankle have a special ability to pro-
duce force. This ability comes from the long distance traversed 
by the peroneus longus tendon [29]. The eccentric force of 
the evertors can control inversion stress and constitute a pro-
tective mechanism against LASs [30].

This impairment in joint position sense increases sagittal 
plane joint displacement, as well as reduces muscle power, 
joint stability, and muscular reaction time to neural impulses 
[21]. Fatigue increases these changes in joint position sense 
and raises the risk of LASs in volleyball players [31].

The relationship between fatigue and joint position sense 
is still unclear in the literature [17]. However, the muscle 
spindles may play a role. it is now generally accepted that 
muscle spindles are an important source of position sense 
information [32]. According to many reports, they are easily 
affected by the development of fatigue inside the muscle 
[32–34]. Therefore, one can attribute the decline in joint po-
sition sense to the inhibition of muscle spindle function dur-
ing fatigue.

The current study is of particular importance for females 
practising volleyball. According to the results, fatigue that oc-
curs to evertors of the subtalar joint may contribute to the de-

Table 1. The general characteristics of participants

Characteristics Mean ± SD Median Minimum Maximum

Age (years) 20 ± 2 20 18 24

Weight (kg) 61 ± 6 60 50 71

Height (cm) 163 ± 5 164 151 170

Body mass index  
(kg/m2)

22.8 ± 1.6 23.1 18.4 24.8

Table 2. Comparison between the average errors of PiJPS at 10° inversion before and after evertor muscle fatigue

Non-fatigued
(mean ± SD)

Fatigued
(mean ± SD)

Md
95% Ci of Md

% of change p
Lower Upper

PiJPS around 10° inversion 1.12 ± 0.47° 1.64 ± 0.63° 0.51° 0.30° 0.73° 45.5% < 0.001

PiJPS – passive inversion joint position sense, Md – mean difference
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crease of joint position sense and increase the risk for LASs, 
usually seen in females playing volleyball.

Limitations

Although sample size calculation was performed before 
the study, the small number of participants may limit the gen-
eralizability of the results.

Conclusions

Evertor muscle fatigue may affect the PiJPS of the sub-
talar joint and increase the risk of LASs.
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