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Objectives: Fatigue leads to an increase in joint restoration errors because of nervous system 
fatigue and a lack of understanding of joint position and imbalance that may be due to the 
changes in walking patterns and excessive pressure on bones and soft tissue structures, which 
may ultimately lead to injuries in climbers. Accordingly, this study investigates the effect of 
fatigue on the restoration error of the knee and ankle joint angles.

Methods: This was a quasi-experimental study. A total of 35 mountaineers aged 20-35 
years were selected by the non-random sampling method. This research was conducted on 
September 10, 2022, at the Tochal Climbing Rout in Velenjak, Tehran City, Iran. The tests were 
taken before and after a mountaineering program for a distance of 8 km at an average speed. 
The position sense of knee and ankle joints was evaluated using the Mobimed, which is a 
type of electrogoniometer. The normal distribution of the data was statistically analyzed using 
the Shapiro-Wilk test, and the data were analyzed using the paired t-test. The SPSS software, 
version 24, was used for all statistical operations (P≤0.05).

Results: The findings showed that fatigue causes errors and significant changes in the 
restoration of knee and ankle joint angles and 30° (P=0.003), 45° (P=0.004), 60° (P=0.007), 
dorsiflexion of 10° (P=0.009) and plantar flexion of 20° (P=0.001), the restoration and 
sense of position is disturbed, which shows that fatigue is effective in understanding the 
state of the joints.

Discussion: Fatigue increases the error of restoration of the knee and ankle joint angles, which 
can reduce the optimal performance of the muscles around the joints by reducing the person’s 
understanding of the angles and the sense of the joint position.
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Highlights 

● Fatigue is one of the factors that can disrupt the sense of proprioception of the knee and ankle joints during the 
mountain climbing route, which can ultimately be considered a risk factor for injury.

● Risks include a reduction of the climber’s awareness of the state of her joints, which can cause twisting in her joints 
on slippery surfaces and may eventually lead to the climber’s fall.

Plain Language Summary 

Fatigue is the result of sports activities, especially mountain climbing. This can reduce the climbers’ awareness and 
sense of the position of their knee and ankle joints and disturb their sense of the condition of these joints, which can 
make the joints vulnerable. Climbers should be aware of this situation to avoid injuries that include twisting, sprains, 
and even falling on the climbing route.

Introduction

ountaineering is a sport that has become 
popular recently. This sport used to be 
exercised by professionals and expe-
rienced people; however, it is now ex-
ercised by people of all ages and skills 

at different levels [1]. Mountaineering injuries have in-
creased significantly as the sport has become more popu-
lar. The global number of mountaineers and mountain-
eering sites has increased by approximately 50% over 
the last decade (2010–2020) [2]. Accordingly, it is rea-
sonable to assume that the mountaineering community 
will continue to grow. Over the last decade, this large 
sports community has been outfitted with technologi-
cal advances and improved safety equipment. Natural 
mountaineering routes face geographic and environmen-
tal obstacles, such as changing weather and rock falls. 
Nevertheless, with this increase, reports of injury from 
this sport have increased [3]. According to Lutter et al. 
(2022), 93% of all injuries recorded by mountaineers 
are caused by overuse of limbs [4]. Schöffl et al. (2013) 
analyzed 515 and 337 indoor climbers and found that 
6 of 22 injuries occurred in people under the age of 18 
years, requiring immediate medical intervention. Four of 
the injuries occurred in boys and two in girls with an 
average age of 13.7 years [5]. According to Barendrecht 
et al. (2023), the injury rate was 40.7% in lower limbs, 
32.5% in upper limbs, 15.6% in the head and 9.4% in the 
trunk [6]. The results of the studies by Jones & Johnson 
(2016) and Schöffl et al. (2012) showed that most inju-
ries occurred in the upper limbs of adults in all climbing 
cases [7, 8]. Climbing injuries are divided into two age 
groups: climbers aged 20 to 35 years who suffer from 
trauma and climbers aged 45 to 55 years who suffer from 
non-contact injuries in addition to contact injuries [8, 9]. 

Moreover, men are significantly more involved in fatal 
accidents compared to women [10]. In a study by Rauch 
et al. (2019), an injury rate of 2.5% in 1000 mountaineers 
was reported, with 0.56 injuries per 1000 exercise hours. 
Most of the studies conducted on mountaineer mortality 
are shown as per 1000 climbers or 1000 ascents, which is 
difficult to compare with studies based on 1000 h of per-
formance [1]. There are few studies on mountaineering; 
however, the sport is now being followed professionally 
and has affected training schedules, dietary patterns, and 
the incidence and prevalence of body injuries because 
of its inclusion in the Tokyo 2020 Olympic Games and 
2018 Summer Youth Olympic Games [5, 11]. 

One of the injury factors in mountaineering is fatigue, 
which occurs due to the lack of appropriate function-
ing of the central or peripheral nervous system. In cen-
tral fatigue, the central nervous system is disturbed, and 
in peripheral fatigue, peripheral nerves, neuromuscular 
junction, or muscle contractile tissue are disturbed [12]. 
Some studies suggest that injuries occur more toward the 
end of an exercise session, indicating the relationship be-
tween fatigue and the increase in the incidence of injuries. 
Meanwhile, fatigue affects several kinematic and kinetic 
biomechanical variables of the lower limb [13], neuro-
muscular factors, such as reflex and co-appropriate con-
traction activities, and proprioceptive function [14, 15]. 

Fatigue can affect proprioception, which consists of 
positional or movement awareness received by the sen-
sory receptors in the muscles, tendons, joints, and even 
skin, whose input is sent to the central nervous system 
and consists of joint position sense and force detection 
[16]. Joint position sense reflects a person’s ability to 
perceive the joint angle. Joint kinesthesia is the ability 
of a person to actively recreate the same angle when 
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their limbs are passively placed at an angle [17]. Pro-
prioception significantly contributes to muscle reflexes, 
joint dynamic stability, and movement planning for 
neuromuscular control [18]. Mechanical stability can 
be disturbed by any factor, such as ligamentous injury, 
that reduces proprioception. Therefore, the injury occurs 
by increasing the tension and pressure on the joint [19, 
20]. The ankle joint is particularly important among the 
joints of the body because it bears the weight of the body. 
A decrease in this joint position sense can disturb and 
reduce the balance [21]. According to studies that have 
investigated the relationship between these two factors, 
the reduction of ankle position sense increases the pos-
sibility of an ankle injury and falls and muscle fatigue is 
one of the most important factors affecting the decline of 
position sense [22]. 

The foot and ankle joints are connected by the proximal 
joints in the lower limbs and play an essential role in 
bearing the weight of the trunk and limbs. In addition, 
the pressures and rotational movements in the ankle joint 
complex are transferred to the proximal joints, especially 
the knee [23]. By affecting the sense of knee position, 
neuromuscular fatigue causes changes in lower limb 
control. A knee joint injury is reported to be the most 
common injury, accounting for approximately 39% of 
all injuries [17]. According to the study, the probability 
of injury increases at a third of the end of an exercise 
session or climbing due to frequent eccentric contrac-
tions during descent, changes in neuromuscular control, 
and changes in the ability to maintain knee joint stability; 
however, the main cause of this disorder has not been de-
termined precisely [24]. It can be attributed to the reduc-
tion of joint proprioception [25]. Impaired propriocep-
tion caused by physical and mental fatigue may increase 
the possibility of knee ligament damage [26, 27].

There are several studies on other sports, and the ef-
fect of fatigue on the position sense (angle restoration) 
of the lower limb has been investigated using different 

protocols in laboratory medium and artificial conditions. 
However, no study has been conducted on the effect of 
fatigue on the restoration of lower limb angles in outdoor 
and natural environments and real mountaineering con-
ditions. Accordingly, this study investigates the effect of 
fatigue on lower limb joint angle restoration before and 
after the climbing program in natural environments and 
conditions.

Materials and Methods

Study participants

This was a semi-experimental study. The sample in-
cluded 35 mountaineers aged 20-35 years. This research 
was conducted on September 10, 2022, at Tochal Climb-
ing Rout in Velenjak, Tehran City, Iran. 

The inclusion criteria were 1 to 3 years of mountain-
eering experience, passing mountaineering training 
courses, official membership in the Iran Mountaineering 
and Sport Climbing Federation, having proper shoes and 
backpack, no history of any fracture in the lower limb, 
ankle strain, and sprain, injury in the spine knee, and an-
kle joints, not having obvious abnormalities in the lower 
limb. Meanwhile, the exclusion criteria were leaving the 
climb incompleted task for any reason, unwillingness to 
participate in the pre-test and or post-test, the occurrence 
of any unforeseen event leading to a serious change in 
the way of climbing on the route, obtaining a score of 
less than 15 on the Borg rating of perceived exertion 
[28], and descending by cable car or chairlift.

Data extraction

This research included 35 climbers (20 men and 15 
women). It was conducted on September 10, 2022, at 
the route of climbing Tochal Peak in Velenjak, Tehran 
City, Iran.

The implemented mountaineering program included an 
8 km distance and a height of 1800 m above sea level at 
the start point and 2300 m at the top point of the route. 
It took 3 h at an average speed, in the form of a climb-
ing group, and the tests were done before and after the 
mountaineering program. The tests measured the resto-
ration rate of joint angles at angles of 30°, 45° and 60° 
for the knee, 10° dorsiflexion, and 20° plantar flexion for 
the ankle using Mobeemed (Figure 1), which is an elec-
trogoniometer with a validity of 0.90. The device was 
used to evaluate the joint angle restoration rate before 
and after climbing [29].

Figure 1. Mobeemed device
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Knee joint positional sensation

The device was attached to the tibia and fixed by an es-
trap band to measure the knee joint angles. The position 
of the joint angle at any moment was shown numerically 
on the monitor. Furthermore, a pad was placed under the 
thigh in such a way that the femur was parallel to the 
horizon during the test. The evaluation of the position 
sense by the active test method along with the active res-
toration of the same limb was used to evaluate the knee 
joint proprioception [30].

At the end, the subject was asked to sit on a chair so 
that the legs were hanging from the edge of the chair 
and the eyes were closed. The hip and knee joint angles 
were bent at 90° and the Mobeemed was set at 0° after 
sitting. In this method, the examiner first took the sub-
jects’ legs passively to 30°, 45° and 60°, which are the 
target angles, and asked them to actively keep their legs 
at these angles and remember them (5 s). The examiner 
first raised the subjects’ legs to the target angle to deter-
mine the test angles. The knee was then placed in a rest 
position (90° flexion) by the examiner. The subjects were 
then asked to reconstruct the target angle with the same 
limb actively without using the sense of sight and only 
relying on proprioception. The error rate of the subjects 
in reconstructing the target angle was recorded as joint 
position sense error. The rest position is 90° knee flexion 
and 90° hip flexion (Figure 2). 

Ankle joint positional sensation

The test was repeated three times for each target angle. 
The subjects sat on a chair in such a way that the angle of 
the trunk with the thigh and the thigh with the knee was 
at 90° to measure the ankle proprioception. The height 
of the seat was adjusted so that the subjects’ soles did 

not reach the ground. The subjects’ eyes were closed by 
blindfolds to eliminate visual feedback during measure-
ment. The examiner passively placed the subjects at a 
certain angle called the target angle and asked them to 
remember it for 5 s while actively keeping their legs at 
this angle. The rest time between each angle test was one 
minute. The angles were considered for dorsiflexion of 
10° and plantar flexion of 20°. The difference between 
the angle set by the subjects and the target angle was 
considered an error. The test was repeated three times 
for each movement. Finally, the average of the three an-
gles obtained was recorded as the main number for each 
movement [29] (Figure 3).

Statistic analysis

The data were statistically analyzed using the SPSS 
software, version 24, and the normality of the data was 
checked using the Shapiro-Wilk test. Since the data were 
normally distributed, parametric statistics were used, 
and a paired sample t-test was used to compare the data 
(α≤0.05.)

Results

Descriptive findings

The frequency and percentage frequency of gender of 
the samples are provided in Table 1. Accordingly, 20 
people (57.1%) were male, and 15 people (42.9%) were 
female. Meanwhile, the subjects were 20 to 35 years old, 
and the total sample number was 35. 

Figure 2. Evaluation of knee proprioception at angles of 30, 
45 and 60 degrees Figure 3. Evaluation of ankle proprioception at 10 degrees of 

dorsiflexion and 20 degrees of plantar flexion
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The normality of the distribution of variables in 
research groups

In this research, the assumption of normality of data 
distribution was confirmed by the Shapiro-Wilk test 
(P˃0.05). According to Table 2, the data related to the 
variables of knee angle (30°, 45° and 60°), and ankle an-
gle (10° of dorsiflexion and 20° of plantar flexion) is not 
significant (P˃0.05). Therefore, the data-related to the 
following variables have a normal distribution and the 
condition of using parametric tests is established.

Descriptive findings for knee and ankle angles

Table 3 shows the descriptive findings of knee angle 
(30°, 45° and 60°) and ankle angle (10° dorsiflexion and 
20° plantar flexion).

Discussion 

This study investigates the effect of fatigue on the res-
toration error of the knee and ankle joint angles, fatigue 
due to the effect on the neuromuscular conduction pro-
cess increases the restoration error, which leads to in-

Table 1. Frequency and percentage frequency of age and gender of the samples (n=35)

Age (y) Gender % No. (%)

20-35
Male 54.3 20(57.1)

Female 45.7 15(42.9)

Total 100 35(100)

Table 2. The results of the Shapiro-Wilk test to check the normality of the data related to the research variables

Variables Indicator

Phase

Pre-test Post-test

Z P Z P

Knee angle

30° 0.134 0.061 0.098 0.200

45° 0.124 0.175 0.125 0.185

60° 0.104 0.184 0.127 0.167

Ankle angle
10° dorsiflexion 0.132 0.200 0.131 0.122

20° plantar flexion 0.134 0.400 0.134 0.112

Table 3. Mean±SD of the variables

Variables Indicator
Mean±SD

t P
Pre-test Post-test

Knee angle

30° 6.20±5.11 9.28±6.08 -3.91 0.003

45° 7.00±4.24 9.91±4.97 -3.04 0.004

60° 8.54±5.52 11.94±8.25 -2.84 0.007

Ankle angle
10° dorsiflexion 5.11±3.64 6.77±4.86 -2.77 0.009

20° plantar flexion 4.42±3.96 7.60±5.60 -4.09 0.001
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juries, falls, and even death of climbers. Also, no study 
specifically examines the mechanism of the effect of fa-
tigue on climbers, and the reports in this study are based 
on studies on other sports or the effect of fatigue due to 
physical activity.

The effect of fatigue on knee and ankle angle res-
toration 

According to the results, there was a significant differ-
ence between the restoration of the angles of 30°, 45°, 
and 60° in the knee and 10° dorsiflexion and 20° plantar 
flexion before and after the mountaineering program so 
that the mean scores of the post-test increased signifi-
cantly compared to the pre-test. Therefore, the difference 
between knee and ankle angle restoration increased in 
the post-test stage compared to the pre-test. In the litera-
ture review, no study on mountaineering was found to 
investigate the effect of fatigue on the above variables.

Physiological factors of fatigue

Fatigue is believed to affect the neuromuscular junction 
on the one hand and gradually reduce the involuntary 
muscle activation affect the muscles and their contrac-
tion mechanisms, increase the muscle spindle discharge 
threshold, and affect the simultaneous alpha-gamma ac-
tivity on the other hand [31]. The knee joint restoration 
error in the proposed angles increased significantly after 
fatigue probably for this reason.

The Golgi tendon organ is another proprioceptor in 
muscle tendons in addition to the proprioceptors of the 
muscle spindle which is found in the muscle ventricle 
and sends information about muscle length to the nervous 
system. The Golgi tendon organ has a lower stimulation 
threshold for the changes resulting from the contraction 
of muscle tension and a higher threshold for the tension 
resulting from muscle stretching. Muscle stretching does 
not always activate Golgi tendon organs, while muscle 
contraction always activates these proprioceptors [32]. 
The mechanism of muscle fatigue is that metabolic sub-
stances, such as lactic acid accumulate inside the muscle 
in the final stages of exercise [33]. Metabolic substances 
reduce nerve conduction velocity and decrease muscle 
contraction [34]. Various factors, such as muscle weak-
ness and decreased neuromuscular coordination cause 
joint injuries, such as ligaments and joint capsules during 
fatigue [35]. Muscle fatigue also reduces the functional 
capacity of muscles, disrupts the simultaneous activation 
of agonist muscles, and reduces the function and effi-
ciency of the neuromuscular system [36]. Muscle fatigue 
affects proprioception and balance, inhibiting neuromus-

cular control and preventing mechanoreceptors from 
properly activating [37]. The effect of knee muscle fa-
tigue on knee joint proprioception in professional karate 
practitioners was investigated in a study by Boroushak 
and Roshani, and it was found that muscle fatigue sig-
nificantly affects the knee joint restoration error at a 60° 

motion angle [38]. This was in line with the results of the 
present study on knee joint restoration at a 60° motion 
angle. The results also suggested that the joint restora-
tion error increased after fatigue at angles of 30° and 45°, 
which was not statistically significant. The researchers 
concluded that the decrease in the ability of the knee 
joint to control the position caused by muscle fatigue in 
karate practitioners, especially at the end of the range of 
motion, made the knee prone to injury in addition to the 
weakness in performing the correct technique [39]. The 
results of a study by Sutton et al. (2022), showed that dis-
turbances in proprioception after fatigue can be due to a 
decrease in motor neuron output and sensitivity of group 
III and IV muscle afferents [40]. According to studies 
on the biomechanical characteristics of the tissue after 
muscle stretching, the degree of stiffness in the inner 
and outer fibers of the muscle spindle decreases imme-
diately after stretching so that it can reduce the muscle 
spindle discharge [41]. The muscle spindle is sensitive to 
stretching, and the decrease in the accuracy and function 
of the muscle spindle after stretching is likely to increase 
the joint angle restoration error [42]. 

According to the results of various studies, physical fa-
tigue reduces the activity of muscle receptors. In moun-
taineering, respiratory acidosis occurs due to a decrease 
in oxygen pressure at altitude in addition to metabolic 
acidosis due to continuous physical activity, intracellu-
lar H+, and a decrease in sodium bicarbonate (HCO3-). 
The decreased level of oxygen and the decrease in the 
central nervous system function on the one hand and the 
increased level of H+ in the neuromuscular synapses and 
the decrease in the function of neurotransmitters on the 
other hand decrease neuromuscular control, ultimately 
leading to a decrease in the ability of a person to con-
trol the lower limbs [43]. Contrary to the results of this 
study, Ghahremani et al. (2017) reported that the fatigue 
of the erector spinal muscles does not significantly affect 
the position sense of 30° and 60° knee flexion, 30° hip 
flexion, and the potential for injury of this joint. Regular 
movement and sports activities strengthen the knee area 
and joint proprioception [44]. In contrast to the present 
study, Gurney et al. suggested that muscle fatigue is not 
involved in the reduction of joint position sense. This 
can be attributed to the low muscle force and the appli-
cation of local fatigue [45]. 
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According to the results of the statistical analysis of 
ankle fatigue, there was a significant difference between 
10° dorsiflexion and 20° plantar flexion of the ankle in 
the post-test and pre-test phases. This means that the fa-
tigue caused by the mountaineering program led to an 
increase in the ankle angle restoration error in the par-
ticipants of this study.

Naderian et al. (2018), in a study titled “effect of func-
tional fatigue on position sense of ankle joint in female 
futsal players,” by creating futsal functional fatigue 
through the Bangsbo modified futsal fatigue protocol in 
22 female futsal players, found that the error rate of fut-
sal players in reconstructing the target angle increased 
significantly after fatigue. Moreover, the fatigue level of 
the subjects in the post-test was significantly higher than 
in the pre-test according to the Borg rating of perceived 
exertion. This was in line with the results of the pres-
ent study [46]. The peroneus longus muscle is the first 
defense mechanism against ankle inversion, contribut-
ing to preventing forces and maintaining balance [47]. 
The mechanism of lateral ankle sprain is that the foot is 
naturally placed in plantar flexion and inversion during 
exercises after jumping up and the person then lands on 
the toe and outer edge of their foot in the same position. 
Most ankle sprains are lateral and belong to the anterior 
talofibular ligament due to the low stability of the foot in 
plantar flexion and ligament stretching in this position 
[48]. The ankle joint becomes unstable and prone to re-
injury following injury [49]. Fatigue increases the risk of 
ankle injury due to impaired ankle joint position sense 
[50]. Muscle fatigue reduces the activity of the peroneus 
longus and neuromuscular transmission velocity; how-
ever, increasing resistance of the fibula muscles can pre-
vent sprains [51]. Most researchers agree on the effect 
of fatigue and the proposed mechanisms mentioned in 
the study by Naderian et al. (2018). In a study by Mo-
hammadi et al. (2015), the effect of functional fatigue on 
static and dynamic balance indices of athletes with un-
stable ankles was investigated. According to the results, 
balance in static and dynamic conditions decreased, and 
posture fluctuations increased following fatigue. The 
general index of static and dynamic balance decreased 
due to the decrease of both anteroposterior and medio-
lateral indices [52]. The reduced balance in the present 
study was due to a lack of muscle function during fa-
tigue and the effects of fatigue on proprioception [53]. 
Insensitivity of muscle spindles and Golgi tendon organs 
can reduce neural afferents and impair balance [54]. 
The results of some studies were not consistent with the 
findings of the present study. For example, Alderton et 
al. argued that right foot plantar muscle fatigue did not 
increase postural sway while standing on the right leg 

on the force plane [55]. Accordingly, postural control in 
static conditions can be maintained by the compensatory 
mechanisms activated during muscle fatigue. The results 
indicated that fatigue can reduce the optimal function 
of the muscles around the joints and increase the risk of 
injuries and falls for mountaineers by reducing the per-
son’s perception of the angles and knee and ankle joint 
position sense after a mountaineering program. Long ac-
tivity, altitude change, environmental conditions such as 
stony paths, and sometimes conflicts with ice and snow, 
wind and rain, and other factors are factors that can lead 
to fatigue in mountaineering. Altitude also leads to loss 
of appetite. The lack of air oxygen partial pressure leads 
to a decrease in the saturation of red blood cells and ulti-
mately a decrease in the oxygen available to the muscles, 
and the supply of adenosine triphosphate in heavy and 
long-term climbing activities is a serious challenge [56].

Conclusion

Fatigue can disturb the sense of the angles of the knee 
and ankle joints of climbers, which reduces the climber’s 
understanding of the condition of their joints and can 
increase the risk of injuries and falls. They can benefit 
from proprioception and neuromuscular coordination 
exercises. It can also be recommended to place resting 
spots on the way up and take rest during these times, and 
you can get rid of fatigue to some extent by massaging 
them so that they have optimal performance in climb-
ing. According to the findings of the study, it was found 
that fatigue could change the feeling of knee and ankle 
angles in climbers, which can increase the risk of dam-
age and falls. Climbers can know their proprioception 
to improve their physical condition and prevent injury. 
Use exercises to improve your sense of joint status. It 
can also be recommended that you rest on the climbing 
path, and these times can be restored and fatigue can be 
relieved to some extent to optimize hiking.

Study limitations

Among the limitations of this research, we can point 
out that due to the conditions of the COVID-19 pan-
demic, conducting the test in mountainous conditions, 
and the non-cooperation of mountaineering groups, it 
was not possible to include more people in the research. 
Also, the momentary speed of the climbers on the climb-
ing route could not be controlled and the average speed 
was used.
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