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Abstract. Balance and proprioceptive testing is more commonly used in clinical settings to evaluate injured athletes to
return to activity. Muscle fatigue produces neuromuscular deficiency within the muscle, thus predispose a joint to injury
and decrease the athletic performance. A finding of previous studies shows contradictory findings of effect of muscle
fatigue on proprioception and balance. Aims. A study to investigate the effect of fatigue on knee joint proprioception
and balance in healthy individuals. Material and Methods. An observational study was conducted on 30 healthy
subjects (age 18-30 years) from Srinivas college of physiotherapy, Mangalore. Subjects was selected by simple random
sampling techniques. Fatigue was induced in the subjects by cycling up to level of exceeding 60% of predicted maximal
heart rate (HRmax). Subjects were tested to estimate reproduction error by using weight bearing joint position sense test
at 300 of knee flexion, by goniometric evaluation accompanied by photographic method and the balance assessment was
done on force platform with the measurement of anteroposterior (AP), lateral center of pressure (CoP) excursion and
stability score in single limb stance, before and after fatigue protocol. Results. After inducing fatigue, significant
reproduction error was found for perception of joint position sense (t=4.103) with significant changes were found in AP
(t=3.997), lat CoP excursion (t=10.949) and stability score (t=11.785) at p>0.05. Conclusion. A study revealed that
moderate exercises can reduce proprioception which affects the neuromuscular control of joint making individual more
suspectible to injury.
Key words: fatigue, proprioception, balance, dynamic stability.
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Introduction
Muscular fatigue is most often defined as an
exercise induced reduction in the ability of a
muscle to generate force (1). It is caused by a
combination
of
different
physiological
mechanisms occurring at both the central through
the impairment of central drive and peripheral
level through the impairment of muscle function
(2). The high incidence of injuries occur during
later session of sports suggest that fatigue may
predispose a joint to injury and decrease the
athletic performance (3). The study of fatigue
relative to performance of different skills in the
sports has long been a subject of practical interest
(4).
Since sports activities are strongly promoted, the
risk of sport injuries is likely to increase. It is
reported that knee joint injuries are the common
injuries among all sports injury, 39.8% of all
sports injuries involve the knee (5). It has been
suggested that a higher incidence of injuries at the
last third of match could be related to alteration of
the lower limb neuromuscular control and altered
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ability to dynamically stabilize the knee joint but
exactly how this impairment comes about is less
clear (6). It is possible that one factor is reduced
proprioceptive acuity (7).
In 1906, Sherrington defined proprioception as the
perception of positions and movements of the
body segments in relation to each other, without
the aid of vision, touch or the organs of
equilibrium (7). The importance of the
proprioception in knee function, stability, injury
prevention has been studied extensively in
literatures. The current consensus is that the sense
of proprioception originates in the simultaneous
activity of a range of different types of receptors
located in muscles, joints, and skin (8). Some of
these receptors have been shown in animal studies
to be affected by muscle fatigue (9) and/or by
increased intramuscular concentrations of
substances (Arachnoid acid, KCL, 5-HT,
Bradykinin) released during muscle contractions
(10) which have a direct impact on the discharge
pattern of muscle spindles that represent the
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peripheral component of fatigue and efferent
as well as afferent neuromuscular pathways
are modulated with excessive fatigue via
reflexes originating from small-diameter
muscle afferents (group III and IV afferents)
could modify the central processing of
proprioception (11). Although it is reasonable
to assume that these receptors are affected in a
similar way in humans, comparably little is
known about the fatigue effects on human
proprioception (12).
The perception of movement or joint position
in clinical measurements reflects the status of
the whole system, or that measured
proprioceptive defects are connected to
functional disability (13). It is believed that the
Central Nervous System (CNS) links together
afferent proprioceptive feedback from multiple
joints of a limb segment and redundancy of the
afferent information can be used as an "error
check" to improve proprioceptive feedback in
order to maintain function (8). Reproduction
ability is decreased, possibly due to increased
sensitivity of capsular receptors from muscle
fatigue-induced laxity (3). The assessment of
potential injury risk before sports participation
followed by intervention may decrease the
relative injury incidence in athletes (14).
The integrity and control of the proprioceptive
acuity is essential for the maintenance of
balance (15). Balance is defined as person’s
ability to maintain an appropriate relationship
between the body segments and between the
body and the environment and to keep the
body’s center of mass over the base of support
when performing a task (16). It is assumed that
some form of muscle spindle desensitization
or perhaps ligament relaxation and Golgi
tendon desensitization occurs with excessive
fatigue which leads to decreased efferent
muscle response and poorer ability to maintain
balance (17). Balance testing is more
commonly used in the clinical setting to
establish gains in the proprioceptive capacity
of injured limbs and helps to evaluate injured
athlete to return to activity (5). Measures of
postural control such as center of pressure
(CoP) excursion which may be a more
sensitive measure of postural control that
incorporates proprioception have been used
clinically (18).
In humans, the effect of fatigue on
proprioception has been investigated at various

joints. Findings of disturbed proprioception
and balance are frequent in the literatures, but
together they are not conclusive. So the
purpose of this study is to investigate the
effect of muscular fatigue on proprioception
and balance in healthy individuals.
Material and Method
Study design: Observational study design.
Sampling Technique: Simple Random
Sampling. Sample collection: 30 healthy
subjects in age group of 18-30 years of both
sex were taken for the study from Srinivas
College of Physiotherapy, Mangalore.
Inclusion Criteria: Age group: 18-30 years,
both male and female were included.
Exclusion Criteria: knee joint pathology,
musculoskeletal disease of lower limb,
neurological condition, respiratory and heart
problem
Materials used: static cycle, reference
markers, goniometer , video camera, heart rate
(HR) assessment apparatus (Cardiovigil), two
dimensional digitizing software of the peak
measurement system (UTHSCSA Image Tool
version 3), force platform (BERTEC,
Columbus, OH 43229, U.S.A.)
Testing Procedure. The proposed title and
procedure was being approved by ethical
committee members, written consent was
taken from subjects who fulfilled the inclusion
and exclusion criteria and they were randomly
selected. Subject’s age, sex, height, weight,
body mass index (BMI), resting heart rate was
recorded prior to the test. Borg scale of
perceived rate of exertion (PRE) was clearly
explained to all the subjects before cycling.
Right lower limb was used for measurement of
proprioception and balance test.
Fatigue was induced by asking the subject to
perform cycling on a static cycle as fast as
possible, the level of fatigue was indicated and
measured by using Borg’s Rate of Perceived
Exertion (RPE) scale and HR was monitored
using Cardiovigil (multi-parameter patient
monitor). Fatigue was induced in the subjects
by cycling. When subjects reached up to level
of exceeding 60% of predicted HRmax and a
level of exertion of 14-17 on the RPE scale,
immediately the subjects were asked to
discontinue cycling (19).
Proprioception and balance tests were
performed before and after fatigue protocol
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and scores were recorded. Subjects were tested
to estimate reproduction error by using weight
bearing joint position sense test at 300 of knee
flexion,
by
goniometric
evaluation
accompanied by photographic method. The
subject was given three trials to identify and
reproduce knee joint position (300 knee
flexion) initially with eyes open followed by
eyes closed. After trials of test positions,
reference markers were placed along the
lateral aspect of the lower limb for
photographic evalution: a) over the greater
trochanter; b) over the iliotibial tract proximal
to the superior border of the patella; c) over
the neck of fibula (20). The balance
assessment was done on force platform while
Age
19
20
21
22
23
Total

male

the leg was flexed to 90° at the hip and knee
joints, with both arms hanging relaxed at the
sides in single-limb stance with the
measurement of AP, lateral excursion and
stability score in single-limb stance on the
force platform after the joint position sense
(JPS) test following fatigue protocol (21).
Results
The demographic data were analyzed using
paired t-test for comparison of pre and post
fatigue measurement. The data analysis was
done using SPSS softwear package version
14.level of significance was set at ≤ 0.05 with
Cl of 95%.
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Table III. Comparison of pre and post fatigue joint position sense (JPS) test score, AP CoP excursion, Lateral
CoP excursion and stability score
Std. Error
Mean
Std. Deviation
t
df
p
Mean
Pre fatigue JPS test score

6.7370

3.04761

.55641
-4.103

Post fatigue JPS test score

8.7197

3.04767

.55643

Pre fatigue AP CoP excursion

1.2777

.27712

.05060
-10.949

Post fatigue AP CoP
excursion

1.7620

.32318

.05900

Pre fatigue LAT CoP
excursion

.4590

.32341

.05905

Post fatigue LAT C oP
excursion

.6820

.44055

.08043

Pre fatigue stability score

86.6090

2.84795

.51996

-3.997

11.785
Post fatigue stability score

81.7803

2.75167

*VHS=very highly significant

.50238

29

29

29

29

.000
VHS

0.000
VHS

.000
VHS

.000
VHS
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The above table shows the mean of pre JPS
test score i.e. 6.7370 ±3.04761 (SD) and post
JPS test score i.e. 8.7197±3.04767 which
shows significant differences (t = -4.103,
p<0.05) (figure 1), mean of pre AP CoP
excursion i.e. 1.2777±0.27712 (SD) and post
AP excursion i.e. 1.7620 ±0.32318 which
shows significant difference (t = -10.949,
p < 0.05) (figure 2), mean of pre Lat Cop

excursion i.e. 0.4590 ±0.32341 (SD) and post
Lat excursion i.e.0.6820 ±0.44055 (SD) which
shows significant difference (t = -3.997, p <
0.05) ( figure 3), mean of pre stability score
i.e. 86.6090 ±2.84795 (SD) and post stability
score i.e. 81.7803 ±2.75167 (SD) which shows
significant difference for pre and post stability
score (t = 11.785, p < 0.05) (figure 4) for the
present study.

Graphic 1. Pre and Post fatigue joint position sense (JPS) test score
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Discussion
The results of the present study indicated that
fatigue reduces knee joint proprioception i.e.
higher reproduction error was found for
perception of joint position sense (t = -4.103, p
<0.05) thereby supporting the experimental
hypothesis.
The findings of David Roberts et al. (2003) on
healthy young persons, to estimate threshold
for perception of movement before and after
fatigue shows statically significant difference
in threshold value, after inducing fatigue
which support the results of our study (22).
However, Marks and Quinney (1993) provided
contradictory findings suggested that muscle
fatigue had a negligible effect on knee JPS.
However, they induced fatigue by having the
subject contract the quadriceps muscle 20
times, which likely was less fatiguing and that
mainly affected the anterior structures of the
thigh. Therefore, the posterior structures,
which are of afferent importance during
extension, were probably less affected by
fatigue (23).
An important issue here in this present study
is, whether the effects of fatigue on position
sense of knee can be attributed to central
fatigue or to muscle fatigue. Central fatigue
may have accompanied peripherally elicited
effects, but there is a chain of evidence
indicating that alterations in the proprioceptive
inflow from peripheral muscle receptors have
contributed considerably to the central fatigue
effects (10). Djupsjobacka M. et al. (1995)
suggested that muscle spindles are strongly
affected by metabolic products, such as
bradykinin, 5-HT, and lactic acid, the

proprioceptive inflow from spindle afferents
during the JPS test is likely to have been
affected by fatigue (24).
Different methods have been used to assess
proprioceptive acuity in various studies.
Amongst them, Goniometric evaluation for
measuring the angle accompanied by video
films is an adequately accurate method of
measuring the joint angle. Berry C. Stillman et
al. (2001) explained that WB assessments of
proprioception which is more functional might
have greatest relevance in the area of sports
medicine. Theoretically, fatigue may increase
the time of reaction, which, in the present
study, would be seen as higher reproduction
error scores (20).
The results of the present study also indicated
that fatigue reduces balance performance (t
=11.785; p < 0.05). There are several possible
reasons why muscular fatigue affects balance
performance. It seems plausible that some
form of muscle spindle desensitization or
perhaps ligament relaxation and Golgi tendon
desensitization occurs with excessive fatigue.
The increased AP and Lat CoP excursion
observed after cycling in the present study
may be explained by a decrease in muscle
response and a delay in muscle reaction and
poorer ability to maintain balance (17). Eva
Ageberg et al. (2003) found that short-term
cycling decrease ability to maintain balance in
single limb stance in healthy subjects (30)
support the result of present study (21).
We found that a short period of moderate
exercise can reduce proprioception, which may
affect the neuromuscular control of the knee
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that fatigue reduces balance performance (t
=11.785; p < 0.05). There are several possible
reasons why muscular fatigue affects balance
performance. It seems plausible that some
form of muscle spindle desensitization or
perhaps ligament relaxation and Golgi tendon
desensitization occurs with excessive fatigue.
The increased AP and Lat CoP excursion
observed after cycling in the present study
may be explained by a decrease in muscle
response and a delay in muscle reaction and
poorer ability to maintain balance (17). Eva
Ageberg et al. (2003) found that short-term
cycling decrease ability to maintain balance in
single limb stance in healthy subjects (30)
support the result of present study (21).
We found that a short period of moderate
exercise can reduce proprioception, which may
affect the neuromuscular control of the knee
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joint and significantly affects the ability of an
individual to maintain balance on force
platform device, thus, may make it more
susceptible to injury.
Conclusion
Balance and proprioceptive testing can be used
in the clinical setting to evaluate injured
athlete to return to activity. The knee joint
proprioception and balance are affected after
fatigue in healthy individuals.

12.

13.

14.

References
1.

Vollestad NK (1997). Measurement of
human muscle fatigue. J Neurosci
Methods; 74 (2); 219-27.
2. Noakes TD (2000). Physiological models
to understand exercise fatigue and the
adaptations that predict or enhance athletic
performance. Scand J Med Sci Sports; 10
(3): 123-45.
3. Hiemstra LA, Lo IK, Fowler PJ (2001).
Effect of fatigue on knee proprioception:
implications for dynamic stabilization. J
Orthop Sports Phys Ther; 31(10): 598605.
4. Lyons M, Al-Nakeeb Y, Nevill A (2006).
The impact of moderate and high intensity
total body fatigue on passing accuracy in
expert and novice basketball players. J of
Sports Sci and Med; 5; 215-27.
5. Majewski M, Susanne H. Klaus S (2006).
Epidemiology of athletic knee injuries: A
10-year study. J Knee; 13(3): 184-88.
6. Fernando R, Fernando S, Oliveira J
(2007). Effects of a volleyball match
induced fatigue on knee joint position
sense. 12th Annual Congress of the ECSS,
11–14. Jyvaskyla, Finland.
7. M. Bjorklund (2004). Effects of repetitive
work on proprioception and of stretching
on sensory mechanisms,” Medical
Dissertation, UMEA University. New
Serie no 877 ISSN 0346-6612.
8. Grigg P (1994). Peripheral neural
mechanisms in proprioception. J. Sport
Rehab. 3 (1); 2-17.
9. Hayward L, Wesselmann U, Rymer WZ
(1991). Effects of muscle fatigue on
mechanically sensitive afferents of slow
conduction velocity in the cat triceps
surae. J Neurophysiol; 65 (2); 360–70.
10. Pedersen J, Lönn J, Hellström F,
Djupsjöbacka M, Johansson H (1999).
Localized muscle fatigue decreases the
acuity of the movement sense in the
11.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Medicina Sportiva

human shoulder. Med Sci Sports Exerc;31
:1047–1052.
Solomonow M, Baratta R, Zhou BH
(1987). The synergistic action of the
anterior cruciate ligament and thigh
muscles in maintaining joint stability. Am
J Sports Med. 15(3); 207-13.
Bayramoglu M, Toprak R, Sozay S
(2007). Effects of osteoarthritis and
fatigue on proprioception of the knee
joint. Arch of Phys Med and Rehab; 88(3):
346-50.
Ashton Miller JA, Wojtys EM, Huston LJ,
Fry-Welch D (2001). Can proprioception
really be improved by exercises? Knee
Surg Sports Traumatol Arthrosc; 9 (3):
128-36.
Chandy TA, Grana WA (1985).
Secondary school athletic injury in boys
and girls: A three-year comparison. Phys
Sports Med. 13; 106–11.
Houglum PA, Perrin DH (2001).
Therapeutic exercises for athletic injuries.
Human Kinetics. First edition; 272-3.
Shumway Cook A, Woollacott M (1995).
Control of posture and balance. Motor
control. Theory and practical application.
Williams and Wilkins. Second edition;
120-1.
Johnston, Richard B, Howard, Mark E,
Cawley, Patrick W, Losse, Gary M
(1998). Effect of lower extremity
muscular fatigue on motor control
performance. Med Sci Sports Exerc. 30
(12); 1703-7.
Gandevia SC (2001). Spinal and
supraspinal factors in human muscle
fatigue. Physiol Rev. 81 (4); 1725-89.
Bullock Saxton JE, Wong WJ, Hogan N
(2001). The influence of age on weightbearing joint reposition sense of the knee.
Exp Brain Res. 136(3); 400-6.
Stillman BC, McMeeken JM 2001). The
role of WB in the clinical assessment of
knee joint position sense. Austr J of
Physiotherapy. 47; 247-53.
Ageberg E, Roberts D, Holmstrom E,
Friden T (2003). Balance in single-limb
stance in healthy subjects - Reliability of
testing procedure and the effect of shortduration sub-maximal cycling. BMC
Musculoskeletal Disorders. 4; 14.
Roberts D, Ageberg E, Andersson G,
Friden T (2003). Effects of short-term
cycling on knee joint proprioception in
healthy young persons. Am J of Sports
Med. 31(6):990-4

joint and significantly affects the ability of an
individual to maintain balance on force
platform device, thus, may make it more
susceptible to injury.
Conclusion
Balance and proprioceptive testing can be used
in the clinical setting to evaluate injured
athlete to return to activity. The knee joint
proprioception and balance are affected after
fatigue in healthy individuals.

12.

13.

14.

References
1.

Vollestad NK (1997). Measurement of
human muscle fatigue. J Neurosci
Methods; 74 (2); 219-27.
2. Noakes TD (2000). Physiological models
to understand exercise fatigue and the
adaptations that predict or enhance athletic
performance. Scand J Med Sci Sports; 10
(3): 123-45.
3. Hiemstra LA, Lo IK, Fowler PJ (2001).
Effect of fatigue on knee proprioception:
implications for dynamic stabilization. J
Orthop Sports Phys Ther; 31(10): 598605.
4. Lyons M, Al-Nakeeb Y, Nevill A (2006).
The impact of moderate and high intensity
total body fatigue on passing accuracy in
expert and novice basketball players. J of
Sports Sci and Med; 5; 215-27.
5. Majewski M, Susanne H. Klaus S (2006).
Epidemiology of athletic knee injuries: A
10-year study. J Knee; 13(3): 184-88.
6. Fernando R, Fernando S, Oliveira J
(2007). Effects of a volleyball match
induced fatigue on knee joint position
sense. 12th Annual Congress of the ECSS,
11–14. Jyvaskyla, Finland.
7. M. Bjorklund (2004). Effects of repetitive
work on proprioception and of stretching
on sensory mechanisms,” Medical
Dissertation, UMEA University. New
Serie no 877 ISSN 0346-6612.
8. Grigg P (1994). Peripheral neural
mechanisms in proprioception. J. Sport
Rehab. 3 (1); 2-17.
9. Hayward L, Wesselmann U, Rymer WZ
(1991). Effects of muscle fatigue on
mechanically sensitive afferents of slow
conduction velocity in the cat triceps
surae. J Neurophysiol; 65 (2); 360–70.
10. Pedersen J, Lönn J, Hellström F,
Djupsjöbacka M, Johansson H (1999).
Localized muscle fatigue decreases the
acuity of the movement sense in the
11.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Medicina Sportiva

human shoulder. Med Sci Sports Exerc;31
:1047–1052.
Solomonow M, Baratta R, Zhou BH
(1987). The synergistic action of the
anterior cruciate ligament and thigh
muscles in maintaining joint stability. Am
J Sports Med. 15(3); 207-13.
Bayramoglu M, Toprak R, Sozay S
(2007). Effects of osteoarthritis and
fatigue on proprioception of the knee
joint. Arch of Phys Med and Rehab; 88(3):
346-50.
Ashton Miller JA, Wojtys EM, Huston LJ,
Fry-Welch D (2001). Can proprioception
really be improved by exercises? Knee
Surg Sports Traumatol Arthrosc; 9 (3):
128-36.
Chandy TA, Grana WA (1985).
Secondary school athletic injury in boys
and girls: A three-year comparison. Phys
Sports Med. 13; 106–11.
Houglum PA, Perrin DH (2001).
Therapeutic exercises for athletic injuries.
Human Kinetics. First edition; 272-3.
Shumway Cook A, Woollacott M (1995).
Control of posture and balance. Motor
control. Theory and practical application.
Williams and Wilkins. Second edition;
120-1.
Johnston, Richard B, Howard, Mark E,
Cawley, Patrick W, Losse, Gary M
(1998). Effect of lower extremity
muscular fatigue on motor control
performance. Med Sci Sports Exerc. 30
(12); 1703-7.
Gandevia SC (2001). Spinal and
supraspinal factors in human muscle
fatigue. Physiol Rev. 81 (4); 1725-89.
Bullock Saxton JE, Wong WJ, Hogan N
(2001). The influence of age on weightbearing joint reposition sense of the knee.
Exp Brain Res. 136(3); 400-6.
Stillman BC, McMeeken JM 2001). The
role of WB in the clinical assessment of
knee joint position sense. Austr J of
Physiotherapy. 47; 247-53.
Ageberg E, Roberts D, Holmstrom E,
Friden T (2003). Balance in single-limb
stance in healthy subjects - Reliability of
testing procedure and the effect of shortduration sub-maximal cycling. BMC
Musculoskeletal Disorders. 4; 14.
Roberts D, Ageberg E, Andersson G,
Friden T (2003). Effects of short-term
cycling on knee joint proprioception in
healthy young persons. Am J of Sports
Med. 31(6):990-4

A study to evaluate the effect of fatigue on knee joint proprioception and balance in healthy individuals
Purvi K. Changela & all

A study to evaluate the effect of fatigue on knee joint proprioception and balance in healthy individuals
Purvi K. Changela & all

1857
24. Marks R, Quinney HA (1993). Effect of
fatiguing maximal isokinetic quadriceps
contractions on ability to estimate kneeposition. Percept Mot Skills. 77;1195-202.
25. M. Djupsjobacka, H. Johansson and M.
Bergenheim (1994). Influences on the γmuscle spindle system from muscle
afferents
stimulated
by
increased
intramuscular
concentrations
of
arachidonic acid. Brain Res. 663 (2); 293–
302.

Corresponding author
Purvi K. Changela
Shri K K Sheth Physiotherapy College,
Rajkot, India
E-mail: changelapurvi@gmail.com
Received: 15 March 2012
Accepted: 15 May 2012

Medicina Sportiva

1857
24. Marks R, Quinney HA (1993). Effect of
fatiguing maximal isokinetic quadriceps
contractions on ability to estimate kneeposition. Percept Mot Skills. 77;1195-202.
25. M. Djupsjobacka, H. Johansson and M.
Bergenheim (1994). Influences on the γmuscle spindle system from muscle
afferents
stimulated
by
increased
intramuscular
concentrations
of
arachidonic acid. Brain Res. 663 (2); 293–
302.

Corresponding author
Purvi K. Changela
Shri K K Sheth Physiotherapy College,
Rajkot, India
E-mail: changelapurvi@gmail.com
Received: 15 March 2012
Accepted: 15 May 2012

Medicina Sportiva

