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Objectives: Skeletal-muscular disorders affect the biomechanics of the human body, especially 
the lower extremity, with a negative effect on the biomechanics of exercise. The main aim of 
this study was to evaluate the effect of fatigue on the kinematic variables of knee joints during 
countermovement jumps in female students of physical education with valgus knee deformity. 

Methods: Fifteen subjects with valgus knee deformity and 15 healthy subjects without any 
damage in the lower extremities, particularly in the knees, volunteered to participate in this 
research. The healthy subjects were identical to those with valgus knee deformity in terms of 
demographic factors. All of them performed 3 countermovement jumps before and after the 
fatigue program. To create fatigue, a functional fatigue program was utilized, and the Borg 
scale was used to determine the level of fatigue in the patients. 

Results: The findings showed that maximum angular velocity and angular displacement 
significantly decreased in both the groups, after the induction of fatigue. The difference in 
the valgus degree, before and after fatigue, was greater in patients with valgus deformity as 
compared to the healthy subjects. 

Discussion: According to the results, the effects of fatigue on the kinematic variables in 
patients with valgus knee deformity are greater than on the healthy people. This could have 
been caused by the changes in the lower extremities and muscle length in patients with valgus 
knee deformity.
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1. Introduction

ump is considered as a basic movement 
skill and a predictive factor of success in 
explosive exercise movements [1]. A coun-
termovement jump is often initiated by the 
downward movement of the body. A coun-

termovement follows two major objectives: first, it guides 
the body in a better position to start the pushing forward 
step and second, it creates a stretch-shortening effect [2]. 
A person can jump 3-6 cm higher by a countermove-
ment jump through a stretch-shortening cycle, where the 
muscles are positioned in the desired direction before the 
contraction and involved in the primary traction in the 
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opposite direction [2]. The stretch-shortening cycle in a 
countermovement jump consists of three phases: 1) The 
eccentric phase: the pelvic flexion caused by gluteus and 
knee flexion hamstrings driven by quadriceps are done 
controllably 2) Attenuation or depreciation phase: the 
second moving moment when an eccentric reduction 
leads to a concentric enhancement; 3) Concentric phase: 
hip and knee extensions are performed explosively [3, 
4]. Note that the mechanism of a countermovement jump 
is caused to some key parameters which include [1] the 
muscle activity which will be caused to work in lower 
extremity [2], the ground reaction force [3], and the dis-
placement of the center of gravity [2].

One of the factors likely to affect the control of lower 
extremity joints is muscle fatigue. A combined fatigue 
condition occurs based on the physiological mecha-
nisms at the central and peripheral levels that affect 
neuromuscular afferent pathways, causing a propriocep-
tive defect. This is evident as delayed muscle response. 
McArden (1998) stated that fatigue results from the 
discontinuation of the chain of events from the central 
nervous system to muscle fibers. Fatigue is defined in 
different ways; however, its best definition has been 
presented by Vince and Enoka (1992). Vince defined 
fatigue as an event, in which muscle tissue cannot sup-
port the metabolism of contractile elements caused by 
anemia or local discharge of each metabolic material. 
Enoka considered fatigue as a serious effect imposing a 
deficit on the elements, which includes both an increase 
in the sense of trying to apply a demanded power and a 
final disability to reproduce force. It seems that a com-
bination of these two definitions accounts for the most 
appropriate approach to the definition of fatigue [5].

Musculoskeletal disorders affect the biomechanics of 
the human body, especially the lower extremity with a 
negative effect on the biomechanics of exercise. If a per-
son has a deformity in the knee joint, fatigue seems to 
have a greater impact on him or her. In the case of knee 
abnormality, there is a change in the load amount re-
sulting from the weight on the inside and outside of the 
knee. Also, due to a change in the gravity line position 
and exertion of an abnormal pressure on different parts 
of the joint, the knee will be prone to premature wear, 
and thus, premature arthritis can be expected. 

Among the most common deformities of the knee joint, 
genu valgus and genu varus deformities, also known as 
valgus and genu leg, can be mentioned. These are more 
common among women than in men [6]. Such changes in 
the lower extremities can lead to a disruption of the grav-
ity line proportional to the level of support and eventually 

cause a major shift in personal performance [7]. This de-
formity is a disorder, in which the genu valgus deformity 
displaces the foot gravity line towards the outer part of 
the knee and enhances the pressure in this area [19]. 

Benjamin et al. (2005) examined the effect of fatigue 
on the kinematic variables of hip and knee joints in a 
single leg landing and found a decrease in the knee angu-
lar displacement after flexion fatigue in both the genders 
[8]. Santamaria et al. (2010) investigated the effect of fa-
tigue on the biomechanics of the lower extremity during 
a single leg landing and expressed a significant reduc-
tion of maximum knee valgus and flexion after fatigue in 
both male and female athletes. Also, internal rotation of 
the leg, angular displacement, and knee flexion time for 
maximum angular displacement were found to be less in 
women than men after the induction of fatigue [9]. 

Chappell et al. (2007) examined the effects on the ki-
netic and kinematic characteristics of the knee joint and 
observed a significant decrease in the knee flexion angle, 
increased valgus torque, enhanced proximal tibia ante-
rior shear force, and reduced angular velocity during leg 
landing [10]. Since knee joint abnormalities can cause 
problems, the cost of treatment in daily life needs to be in-
creased. According to the issues raised, our research ques-
tion states whether fatigue has any effect on the kinematic 
variables (angular displacement of the knee at the eccentric 
phase, angular velocity at the concentric stage and changes 
in knee valgus) of patients with a valgus deformity condi-
tion. This leads to the consideration of fatigue as a risk fac-
tor for the exacerbation of the mentioned disorder.

Therefore, the aim of this study was to evaluate the ef-
fect of fatigue on the kinematic variables during a coun-
termovement jump in healthy female students of physi-
cal education and those with knee valgus deformity.

2. Methods

Subjects

Thirty physical education students of the Shahid Ba-
honar University of Kerman were purposefully divided 
into two equal groups of healthy people and those with 
knee valgus deformity, as the statistical community. 
Similar subjects were selected based on age, height and 
body mass to avoid any study bias. 

Procedure

At first, each subject was given a questionnaire of indi-
vidual characteristics and asked to respond to the ques-
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tions. People who had no histories of fracture or surgery 
in the lower extremities were eligible for the test and 
participated in the research. First, the subjects with val-
gus deformity were selected, and after testing this group, 
the healthy group was chosen.

To determine the extent of abnormalities in the knee, 
the distance between the two lateral malleoli of ankles 
was measured by caliper while standing and without any 
pressure on the internal epicondyles of the thighs when 
touched together. After the desired subject had been 
placed in the group of knee valgus deformity, its struc-
tural or functional state was examined. Those with struc-
tural valgus deformity were not included in the research. 
All the examinations were done under the supervision of 
an MA expert in sports pathology [20].

To perform a three-dimensional (3D) record of the 
subjects’ countermovement jumps before and after the 
fatigue protocol, a 3D Optoelectronic Motion Analysis 
system was employed by using six cameras. This system 
is capable of performing a 3D video photography up to 
900 frames per second. For this study, the frequency of 
the cameras was considered to be 120 Hz [11, 12]. Cali-
bration of the cameras was conducted in such a way that 
the X-axis was located perpendicular to his or her frontal 
plane (otherwise the knee angles could not be obtained 
exactly in the frontal plane).

The calibrated volume was in a way that it could com-
pletely cover the subject during the countermovement 
jump. This volume included a length of 2.5 m, width of 
1.5 m, and height of 2.5 m. Sorting of the cameras was 
so that every marker was visible at least by two cameras 
in every moment. Three patio reflective markers were 
placed in the desired positions. These sites included the 
anterior and medial shank in the distal part of the tibial 
bone, tibial tuberosity and the midpoint, i.e. the line that 
connects the anterior superior iliac spine to the patella of 
the dominant leg [11, 12].

On the day of the study, to avoid any injury to the sub-
jects while performing the countermovement jumps and 
fatigue protocol, the participants did a 10-minute warm-
up including jogging and stretching of the lower body. 
After being prepared and placed in the desired position, 
each subject performed three countermovement jumps 
before and after the fatigue protocol while his or her 
hands were on the waist. A 5-second rest was allowed 
before each attempt. The mean counter-movement jump 
data before and after the fatigue protocol were recorded. 
The fatigue protocol includes a series of jumping and 
running on a round trip. Each participant did 15 maxi-

mum drop jumps from a height of 40 cm and 15 maxi-
mum counter-movement jumps with a 10-second rest in 
between. After 20 seconds of rest, he or she ran an 8 m 
track on a round trip for 15 seconds [13].

To ensure the subjects’ fatigue, Borg’s RPE-scale was 
used. At the beginning and end of the fatigue protocol, 
each subject was asked to express his or her true feelings 
about the intensity of the activity. The range of scores 
on this scale was between a minimum of 6 (very com-
fortable) and a maximum of 20 (very heavy). The data 
recorded were analyzed by using CORTEX software, 
version 2.5. In order to eliminate the noise caused by the 
movements of the markers, Butterworth low-pass filters 
with a frequency of 6 Hz were utilized.

Statistical analysis

Data was analyzed by using SPSS software, version 
21. First, the normality of the statistical community was 
evaluated through Shapiro test. In this research, to de-
scribe the data and assess the study variables between 
the two groups, i.e. comparing the experimental and 
control groups before and after the fatigue protocol, and 
descriptive statistics, paired t-test, and independent t-test 
at a significance level of P=0.001 were used.

3. Results

To assimilate the two groups, an independent t-test was 
utilized after establishing the normal condition. The re-
sults demonstrated no statistically significant difference 
between the measured parameters (except for the dis-
tance between the lateral malleoli), and thus, the healthy 
subjects were assimilated with those with knee valgus 
deformity based on demographic factors (age, height 
and body mass). No significant difference was observed 
in the distance between the lateral malleoli regarding 
both the healthy patient groups (P<0.05).

The statistical results were indicative of a significant 
difference between before and after fatigue application 
in healthy volunteers, based on the maximum angular 
velocity of the knee extension (P<0.05). The same sig-
nificant difference was found in the people with knee 
valgus deformity before and after fatigue for the men-
tioned test (P<0.05). However, no significant difference 
was discovered between the healthy subjects and those 
with knee valgus deformity based on the maximum an-
gular velocity after the fatigue protocol (P>0.05).

The difference between before and after the fatigue 
protocol in the healthy subjects was significantly based 
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on the maximum angular displacement (P<0.05). Again, 
the same significant difference was found in those with 
knee valgus deformity before and after fatigue for the 
mentioned test (P<0.05). No significant difference was 
discovered between the healthy subjects and those with 
knee valgus deformity based on the maximum angular 
displacement after the fatigue protocol (P>0.05).

The statistical results indicated that there was a signifi-
cant difference in the knee valgus angle in the healthy 
volunteers before and after fatigue induction (P=0.001), 
and a similar condition was found for those with knee 
valgus deformity (P=0.001). In the examination of the 
changes in the knee joint valgus before and after fatigue, 
a significant difference was seen between the healthy 
people and those with knee valgus deformity (P=0.001).

4. Discussion

Statistical tests represented significantly reduced ki-
nematic variables (maximum angular velocity, angular 
displacement, and valgus changes) in both the groups 
after the fatigue program. No significant difference 
was observed when comparing the kinematic variables 
(maximum angular velocity and angular displacement) 
between the healthy group and that of knee valgus defor-
mity after the fatigue program. Moreover, the statistical 
tests displayed a significantly increased degree of valgus 
angle in both the groups after the fatigue program. They 
further exhibited a greater degree of knee valgus angle 
in people with knee valgus deformity before and after 
fatigue compared to the healthy subjects. According to 
the results, the effects of fatigue on kinematic variables 
in patients with knee valgus deformity are more than 
those of the healthy people, and this can be caused by 
the changes in the lower extremities in the mentioned 
patients and a subsequent change in their muscle lengths.

The results of this research were consistent with those 
of Benjamin et al. (2004) and Santamaria et al. (2010)
regarding the kinematic variables of maximum angular 
velocity and angular displacement. However, these find-
ings were in contrast with the findings of Deborah King 
et al (2006). Santamaria et al. (2010) evaluated the effect 
of fatigue on the biomechanics of the lower extremity 
during single-leg landing and expressed a significantly 
reduced maximum knee valgus, angular displacement, 
and knee flexion in male and female athletes after fa-
tigue. Furthermore, internal leg rotation, angular dis-
placement, and knee flexion time for the maximum an-
gular displacement were found to be less in women than 
men after fatigue, which was congruent with the results 
of the current research [9].

Benjamin et al. (2005) evaluated the impact of fa-
tigue on the hip joint and knee kinematic characters of 
30 healthy subjects (15 males and 15 females) during 
single-leg landing. They showed a decreased flexion and 
angular displacement variables after fatigue program 
that were consistent in both the genders [8].

Deborah King (2006) studied the impact of fatigue on 
the kinematics of lower extremity joints in 20 athletes 
(10 men and 10 women) during jumping-landing and 
found decreased ankle inversion, increased knee flexion, 
reduced dorsiflexion, and an enhanced knee angular ve-
locity after fatigue program in the case of female athletes 
compared to the male counterpart. The results of these 
two studies are inconsistent that can be reviewed based 
on the fatigue programs and testing methods [23].

The findings of this research were in agreement with 
those of Kernozek et al. (2009), Michael et al. (2003)
Melniczek et al. (2007), and Chappell et al. (2004) but 
not with those of Benjamin et al. (2004) and Santamaria 
et al. (2010) based on changes in valgus angle (2009). 
The results of the study by Michael et al. (2003) on 
the effects of fatigue on the frontal landing movements 
showed that fatigue resulted in increased valgus angle. 
The mentioned result is in line with that of the current 
study. The only difference is that a local and isometric fa-
tigue program was used with less generalizability in this 
research compared to the functional fatigue programs 
with sporting conditions [21]. 

The results obtained by Kernozek et al. (2008) showed 
that fatigue with squat repetitive movements to exhaus-
tion could increase knee valgus. Although the mentioned 
study has employed repetitive movements to create fa-
tigue and exhaustion without a functional fatigue pro-
gram, results similar to this research have been obtained 
[14]. Chappell et al. (2007) examined the kinetic and ki-
nematic impacts of fatigue on the knee on 20 athletes (10 
men and 10 women) during a stop and jump. The fatigue 
in both groups increased valgus angle that is in line with 
the results of this study [10].

Benjamin et al. (2005) evaluated the impact of fa-
tigue on the hip joint and knee kinematic characters in 
30 healthy subjects (15 males and 15 females) during 
single-leg landing. Both genders exhibited neutral con-
ditions (reduced valgus angle) after fatigue in a way 
that the peak knee valgus angle was reduced in both the 
groups. The mentioned study suggested the reduction in 
the valgus degree after fatigue was an attempt to keep the 
knee within the frontal plane, which is in contradiction 
with the results of the present study probably due to the 
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fatigue programs and testing methods [8]. Santamaria et 
al. (2010) tested the effect of fatigue on the biomechan-
ics of the lower extremity during single-leg landing and 
their results showed a significant reduction in maximum 
knee valgus in male and female athletes after fatigue, 
which contradicts with the findings of this study [9].

All voluntary activities result from a complex process, 
in which the brain, spinal cord, peripheral nerves, mus-
cles and joints are involved. Damages to any of these 
organs can lead to malfunctions, especially in sports per-
formance. A factor that is likely to affect control of the 
lower limb joints is neuromuscular fatigue. Fatigue oc-
curs in a combination of physiological mechanisms on 
the central and peripheral levels affecting neuromuscular 
afferent pathways and leading to an impaired proprio-
ception. This effect on the neuromuscular efferent path-
ways is evident as a delayed muscle response [15]. 

When the system is under pressure, the preliminary 
contraction of muscles happens to tighten the joints as 
a supportive response to prevent the damage. This con-
traction also causes joint stability to prevent collapse (ir-
reversible condition). The overall effect of this mecha-
nism is effective in the neuromuscular control and joint 
stability [16]. In addition, the dynamic body stability or 
any special joint such as the knee is conditioned by the 
neuromuscular control of all parts of the body involved 
in the movements. Reduced neurologic function over a 
long-term activity logically endangers lower limb joints, 
especially the knee. The mentioned studies concluded 
that the fatigue caused by increasing knee movements in 
the frontal and transverse planes could be a mechanism 
for a knee injury, especially the anterior cruciate liga-
ment. Fatigue drains the energy sources of the body [17]. 

It has been observed that the degrees and severities of 
damages are higher at the end of a game, which reflects 
the effect of fatigue on the neuromuscular system [18]. 
In the knee valgus deformity, the muscles and joints of 
the lower limbs have lost their natural states, and the re-
sults may affect the desired performance. The congenital 
and abnormal biomechanical malformations could cause 
one-sided pressure on the tissues. These abnormalities 
cause secondary deformations of the leg, resulting in the 
disruption of the natural biomechanics of the knee joint, 
which further becomes prone to damages.

In the description of the results of this study, it should 
be noted that the joints were first bent during the eccen-
tric phase of the countermovement jump, and thus, the 
range of motion to be driven forward increases.

In fact, the eccentric phase of the countermovement 
jump accounts for the basic functions of muscles and ec-
centric extensor contractions of the hip, knee and ankle. 
These extensor contractions are called pre-tensions be-
cause tensions in the muscles occur before using these 
muscles in a jump during the phase of being driven 
forward. Pre-tension in the muscle before it shortens 
causes an increase in the force that the muscle is able to 
produce. The faster the tension, lower is the pre-tension 
latency and less shortening occurs, which results in the 
production of more muscle force. 

It is important that the countermovement jump occurs 
quickly and minimum delay happens between the end of 
countermovement jump and beginning of the phase of be-
ing driven forward [2]. If the muscles are fatigued, they 
are unable to carry out their tasks while the fatigue of 
muscles around the joint inhibits the neuromuscular joint 
feedback system and causes the mechanical receptors to 
work improperly. Fatigue reduces the activities of joint re-
ceptors, muscle spindles, and Golgi tendon organs, lead-
ing to defects in the muscle receptors. Moreover, fatigue 
results in the depletion of body’s energy resources [16]. 

It can be concluded that fatigue causes a decrease in the 
tension forces of muscles and the energy stored in them in 
the pre-tensioning eccentric phase, leading to less muscu-
lar force production for the stage of being driven forward. 
Additionally, the slow countermovement jumps and much 
delay between the end of countermovement and beginning 
of countermovement are resulted, leading to a reduction in 
the joint angular velocity tending to open in the phase of 
being driven forward in countermovement jumps. It fur-
ther results in not reaching a maximum height [2]. 

Such congenital and abnormal biomechanical postural 
abnormalities could cause one-sided pressure on the 
tissues. Due to the change in the direction of lower ex-
tremities, the compressive and tensile forces on the outer 
and inner parts of the joint are exerted in people with 
knee valgus deformity, respectively [19]. The mentioned 
people have less angular displacements and velocities 
compared to the healthy people, leading to a reduced ef-
ficiency in the eccentric and concentric phases of coun-
termovement jump. Meanwhile, the effect of fatigue on 
people with knee valgus deformity is more complicated 
than in the healthier ones.

An altered neuromuscular control caused by fatigue 
might appear through the changes in electromyography, 
joint kinematics, and ground reaction force. The reduced 
kinematic variables observed in the knee are represen-
tative of a change in the control of lower limb muscles. 
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These changes reflect the changes in the contraction pat-
terns of the muscles around the knee. Decreased neuro-
muscular control of the knee joint reduces joint stability 
and increases the load imposed on the knee and subse-
quently the risk of ligament injury. The past researches 
have shown that when hip quadriceps contract eccentri-
cally and are combined with knee valgus force, the possi-
bility of the anterior cruciate ligament extension increases. 
The athletes’ appropriate neuromuscular controls reduce 
the incidence of anterior cruciate ligament injury [22].

5. Conclusion

 The results of the present study revealed that function-
al fatigue could reduce maximum angular displacement 
and angular velocity of the knee joint and enhance valgus 
angle in both the healthy subjects and those with knee 
valgus deformity while performing the countermove-
ment jumps. Accordingly, it can be said that the identifi-
cation of risk factors in different groups can prevent any 
damages and their consequences. Fatigue is considered 
to be a risk factor for sports activities, especially in the 
healthy individuals. According to the results of this re-
search, it can be said that fatigue reduces performance 
efficiency and sports skills, which possesses risk for the 
individuals with knee valgus deformity. 

The amount of kinematic variables of maximum angular 
velocity and angular displacement of the knee joint have 
been less in patients with knee valgus deformity com-
pared to the healthy individuals before and after fatigue. 
Furthermore, the differences in the valgus angle of the 
knee joint have been greater in patients with knee valgus 
deformity compared to the healthy people before and after 
fatigue, which can be due to the changes in the lower limb 
direction and muscle length in the mentioned patients.
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