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Abstract: Proprioception is to perceive the position or movement of extremities and body segments in space
and is an important component of balance and postural control. The aim of the present study was to assess the
effect of sub-maximal and maximal running on knee joint proprioception, senses and static balance. 45 male
student athletes with at least three years of experience in football and basketball participated in this
investigation and were randomly assigned to three groups; one group was running sub-maximally on a treadmill
with heart rate of 50% of the predicted HR . Second group was running maximally on a treadmill with heart ratemax

of 90% of the predicted HR  and control group did not participate in any activity. Isokinetic dynamometer wasmax

used to measure knee joint position sense. Knee joint position sense was measured by active joint
repositioning (AJR) and passive joint repositioning (PJR). Single leg stance balance test was used to measure
static balance. ANOVA with repeated measures and paired t test (P<.05) was used to analyze the data. After
sub-maximal running, a significant improvement in PJR and a significant decline in static balance were observed
while no significant changes were found in the AJR. Following maximal running, there was a significant decline
in AJR and PJR and static balance. Based on the findings of the present study, sub-maximal running improved
proprioception sense of the knee joint; however, this activity might have caused fatigue in leg muscles which
decreased static balance. Fatigue has been demonstrated to have an adverse effect on knee joint position sense
and static balance.
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INTRODUCTION sensory systems provide information for CNS in order to

Many factors such as age, gender, injury status, and somatosensory systems is needed to maintain
disease, temperature, warm-ups and fatigue have posture. The somatosensory system receives input from
important roles on proprioceptive sensitivities [1, 2, 3]. articular, cutaneous and musculotendinous receptors,
Severe exercise which causes muscle fatigue  may  have including muscle spindles and Golgi tendon organs that
an impact on joint proprioception and increase knee send afferent signals regarding changes in length and
anterior-posterior laxity and make it  vulnerable. Thacker tension [7].
et al., (2003) stated that muscle fatigue and poor Injuries can be prevented by improving joint
proprioception increase joint laxity and may lead to knee proprioception and balance control. Bartlett and Warren
injury [4]. On the other hand, mild exercise would improve (2002) revealed that 4-minute exercise periods enhanced
proprioception senses and postural control which could knee proprioception [8]. They stated that warm-up
prevent these impairments [3, 5]. exercise keeps laxity at normal levels and prevents

Balance is the ability to maintain stability within the injuries. The other research revealed similar results with 10
base of support [5]. Proprioception information has an minutes of sub-maximal exercise on a cycle ergometer [7].
important role in maintaining good balance. Balance Subasi et al., (2008) found that 5 and 10 minutes of
requires proper information from sensory input, exercise (stretching + running) significantly increased
appropriate processing by the central nervous system knee joint position sense [3]. Fatigue exercises affect
(CNS) and effective responses of motor control [6]. Three proprioception negatively [7, 9, 10].

maintain balance. Information from the visual, vestibular
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Since in most of the cases, special equipments were of Isfahan participated in this investigation (Table 1).
used rather than functional activities to induce fatigue, Subjects were free from history of orthopedic problem in
the results of researches in the literature are repugnant their dominant knee and ankle and randomly assigned to
[11-14]. The ability of neuromuscular system may be three groups. All of them were right legged. Dominant leg
compromised to respond in a timely fashion in order to was determined by asking the subject which leg they
stabilize the joint by increased ligament laxity thus would predominantly use to kick a ball [3]. Sub-maximal
allowing greater lengthening on joint displacement before running group (n=15) performed Borg's scale for Rating of
a reflexive force threshold is reached [15]. The fatiguing Perceived Exertion (RPE) (values of 14-16 on the RPE
mechanism is not clear and its influence on proprioception scale).  Maximal  running  groups (n=15) RPE (values of
is inconclusive. Factors such as exercise type or its 17-20 on the RPE scale) and control group (n=15) did not
intensity might play a role in the intensive limb participate in any activity.
movements and proprioception measurement. Sub-maximal and maximal running was performed on

Single-limb stance balance control is important in a treadmill. The subjects wore a heart-rate meter during
physical activities, since movement patterns of postural the entire duration of the assessment. Borg's scale for RPE
control are similar during the stance phase and many was used to assess the subjective effort level during
lower extremities injuries occur during weight-bearing on exercise. On this scale, numbers ranging from 6 to 20 were
one leg [5]. The result of a study showed that matched with descriptors (e.g., 6 = No exertion at all, 13 =
isokinetically fatiguing the muscles of ankle increased the somewhat hard, 15 = hard, 17 = very hard, 19 = extremely
significant amount of mediolateral sway amplitude and hard and 20 = maximal exertion). The RPE scale was
showed a significant increase in anteroposterior sway designed to increase linearly with exercise intensity and
[16]. Others investigated the dependence of fatigue and heart rate while exercising on a treadmill and correlated
ankle, knee and hip flexors and extensors and abdominal closely with several physiological variables including
muscle group on dynamic postural control. Their results heart rate. A linear relationship existed between heart rate
revealed that fatiguing of the knee and hip flexors and and oxygen consumption. A given percentage of
extensors caused significant declines in stabilization time maximum oxygen consumption (VO ) results in a higher
compared with the fatiguing of other muscle groups [17]. percentage of maximum heart rate (HR ); e.g., 75% of
Ageberg et al., (2003) found no significant differences VO represents an intensity of 86% of the HR . HR

can be predicted from the following equation:
stance balance after a short duration of sub-maximal
cycling [5]. Maximum heart rate (beats/min) = 220 - age (years) [5].

Fatigue induced by general exercise such as cycling
or running better resembles conditions in daily life and The rate of sub-maximal running was kept constant at
physical activities than fatigue induced by exercising the 8 km/h. Depending on the physical condition of each
lower extremities isolated in an isokinetic device. subject, the workload (W) was set individually aiming at
Isokinetic or isometric contraction exercises are often reaching  a heart rate of 40%-50% of the predicted HR

in all subjects. The treadmill was stopped when the
functional or direct sport activity related. More researches subject had reached a heart rate of 50% of the predicted
are needed to asses the effect of functional or sport HR for sub-maximal running, (values of 14-16 on the
related sub-fatiguing and fatigue protocol on the joint RPE scale)  and  had  reached  steady-state heart rate;
position sense and static postural control system of the (i.e., after approximately 10 minutes).
body. The present study attempted to assess the effect of The  rate  of  maximal  running was kept constant at
sub-maximal and maximal running on knee joint position 12 km/h. Depending on the physical condition of each
senses and static balance in healthy young male athletes. subject, the workload (W) was set individually aiming at

in all subjects. The treadmill was stopped when the

45 male student athletes with at least three years of predicted HR for maximal running, (values of 17-20 on
experience in football and basketball (age 22.7±2.1 years, the RPE scale) and had reached steady-state heart rate
height 176.4±5.4cm, weight 69.9± 11.6 kg) from University (i.e., after approximately 10 minutes).

2max

max

2max        max  max

between the experimental and control groups in single leg

max

used to fatigue muscles. These activities are usually not

max 

reaching  a heart rate of 80%-90% of the predicted HRmax

MATERIALS AND METHODS
subject had reached a heart rate exceeding 90% of the

max 
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Knee position sense was measured by open kinetic he thought the target angle had been reached. Subjects
chain technique and active and passive positioning and were not permitted to correct the angle. The absolute
was reported as the absolute angular error. The knee joint difference between the perceived angle and the target
position senses for active, passive repositioning were angle was calculated for each trial [19].
measured on the Biodex III Isokinetic Dynamometer , Single leg stance balance test was used to measurea

which is sensitive to 1° increments. Since previous static balance. Subject had stood up comfortably on both
studies had shown no proprioceptive differences between feet, then placed his hands on his hip, then lifted up his
dominant and non-dominant limbs [18], the right limb was non-dominant foot and placed the toes against the
chosen for each subject to facilitate the testing setup. contralateral knee, then closed the eyes and maintained

Passive Angle Reposition; starting at knee extension, equilibrium. Any change to the body or foot separation
the lever arm passively extended the test limb, then lower from ground or hand separation constitutes as the test
leg moved without resistance to the target angle of 45° of was completed and individual’s time were recorded [3].
knee flexion. Passive movement was set at an angular SPSS version 15 was used to analyze the data. To
velocity of 60°•sG  to limit reflexive muscle contractions. study the effect of the training program, ANOVA was1

Subjects were instructed not to voluntarily contract their applied to study the AJR, PJR and static balance
muscles and it was assumed that no muscular contraction differences between and within three groups. Paired t test
was present. The limb was maintained at the target angle was used to compare pretest and posttest in groups.
for 10 seconds to enable the subject to remember the Level of significance P#0.05 was selected.
position. After the limb was passively returned to knee
extension, there was a 5-second pause and the cycle was RESULTS
performed again. This time, the subject activated a
handheld stop button when he felt the target angle had The results of ANOVA with repeated measures
been achieved [19, 9]. Once the button had been showed no significant difference in AJR error among
activated, subjects were not permitted to correct the groups (F =1.19, P>0.05) whereas a significant
angle. The angle was identified from the onscreen difference within groups (F =3.09, P<0.05) was
goniometer. Three readings were taken and the absolute observed (Table 1). Follow-up application of paired t test
difference between the perceived angle and the target showed a significant decrease after maximal running for
angle was calculated for each reading. AJR error (t=1.75, P#0.05) (Table 2). When the three

Active Angle Reposition; in the same seated groups were compared, there was a significant difference
conditions but starting at 90° of knee flexion, the subject in PJR error (F =9.2, P<0.001) and significant
actively moved the limb to the target angle of 45° of differences within groups (F =4.6, P<0.05) (Table 1).
flexion. The leg was held there for 10 seconds, so the Follow-up application of paired t test showed a significant
subject could memorize the position and then returned to improvement after sub-maximal running in AJR error
90° of knee flexion. After a pause of 5 seconds, the (t=2.69, P<0.05), but a significant decrease was
subject moved the lower limb by active contraction at an observed  after  maximal  running  (t=2.47,  P<0.05)
angular  velocity approximating 60°•sG  and stopped when (Table 2).1

2, 42

2, 42

2, 42

2, 42

Table 1: ANOVA with repeated measures on AJR and PJR and static balance in pretest and posttest between groups

Factors Sub groups Pre test Post test F p

AJR (degree) Sub-maximal run group 4.1±1.7 4.6±2.4 Within groups=3.09 0.043*

Maximal run group 4.4±1.8 5.7±2.2 Between groups=1.19 0.312

Control group 4.2±1.9 4±1.2 Interaction=0.22 0.8

PJR (degree) Sub-maximal run group 5.9±2.6 4.2±2.2 Within groups=4.6 0.039*

Maximal run group 5.2±2 6.8±2.9 Between groups=9.2 0.001*

Control group 4.9±1.3 5.1±1.2 Interaction=1.1 0.21

Static balance (sec) Sub-maximal run group 29.6±19 22.1±13 Within groups=26.6 0.001*

Maximal run group 28.6±12 11.7±6.8 Between groups=5.69 0.007*

Control group 30.8±15 28.2±14 Interaction=1.8 0.17

*P<0.05



World J. Sport Sci., 6 (3): 242-246, 2012

245

Table 2: Paired t test comparison between pretest and posttest

Factors Sub groups Pre test Post test t p

AJR (degree) Sub-maximal run group 4.1±1.7 4.6±2.4 0.69 0.25

Maximal run group 4.4±1.8 5.7±2.2 1.75 0.05*

Control group 4.2±1.9 4±1.2 0.92 0.18

PJR(degree) Sub-maximal run group 5.9±2.6 4.2±2.2 2.69 0.005*

Maximal run group 5.2±2 6.8±2.9 2.47 0.014*

Control group 4.9±1.3 5.1±1.2 0.06 0.45

Static balance(sec) Sub-maximal run group 29.6±19 22.1±13 2.99 0.01*

Maximal run group 28.6±12 11.7±6.8 4.53 0.001*

Control group 30.8±15 28.2±14 0.92 0.36

*P<0.05

The differences between pretest and posttest after The results of the present study showed that AJR
sub-maximal and maximal running in single leg stance and PJR absolute error decreased after maximal running.
balance were significant within groups (F =26.6, Many researchers have investigated the relationship2,42

P<0.001) and also significant between groups between fatigue exercise and proprioception. Most of
(F =5.69, P<0.001) (Table 1). Follow-up application of them found that fatigue exercises worsened2,42

paired t test showed a significant decline between pretest proprioception [2, 7, 9]. Two major mechanisms were
and posttest after sub-maximal running in single leg proposed; first, proprioception deterioration might have
stance balance (t=2.99, P<0.01). The results of paired t been caused by deficiency of central processing of
test showed a significant decline between pretest and proprioceptive signals [9, 10]. Second, proprioception
posttest after maximal running in single leg stance balance deterioration caused by fatiguing protocol might have
(t=4.53, P<0.010 (Table 2). resulted from failure of muscle and/or joint

DISCUSSION AND CONCLUSION tendon organs thresholds can be desensitized and

The results of the present study indicated that AJR with joint receptors [22].
and PJR error and single leg stance balance decreased After sub-maximal running, single leg stance balance
after maximal running. PJR absolute error improved after declined while PJR absolute error improved. In order to
sub-maximal running, but no effect on AJR absolute error control balance, one is more dependent on information
was found. Furthermore, single leg stance balance from the lower leg and ankle musculature. In this case,
decreased after sub-maximal running. Sub-fatigue levels lower leg and ankle muscles fatigue might have been
of activity increased sensitivity of mechanoreceptors caused by static balance decline [10]. There has been
which provided the necessary enhancement of reflex some investigation into the effects of ankle fatigue on
neuromuscular protective mechanisms. postural control. According to Tsang et al., (2004), knee

Sub-maximal running improved PJR error in knee proprioception  had more effect on dynamic balance [3].
joint. Muscle spindles are the first source of In this study, only the values on single leg stance with
proprioceptive senses [20]; and there is a possibility that closed eyes position were different among the three
their roles are more important in passive than active groups after running.
movement [3]. Thus, sub-maximal running could have The decline in balance in single-limb stance after
acted as a medium to exercise the muscles and cause maximal  running  in the present study may be explained
higher sensitivity of muscle  spindles.  The  results  of  the by  several  factors.  The activity of joint receptors,
present  study were in agreement with the findings of muscle  spindles  and Golgi tendon organs may be
researches by Bartlett et al., (2002), Bouet et al., (2000) reduced by fatigue, resulting in proprioceptive deficit in
and Subasi et al., (2008) [3, 8, 21]. They concluded that muscle receptors and loss of muscular reflexes
mild exercises increased the sensitivity of responsible for joint stability [5, 16, 17]. Since this afferent
mechanoreceptors  around  the  knee, thereby increasing information is also important to maintain balance [9], the
joint repositioning appreciation. Also, they stated that decreased muscle response may lead to a poorer ability to
movement would stimulate sensorimotor control system maintain balance. Besides, the effects of fatigue on
which benefits proprioception. standing balance, some studies have also reported

mechanoreceptors [3, 10]. Muscle spindle and Golgi

afferent feedback to the CNS can decrease with fatigue as
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increased knee joint laxity, decreased knee proprioception 9. Ju, Y., I. Wang, C.W. Kathy and H. Cheng AI, 2010.
and a delay in muscle response following fatiguing Effects of active fatiguing movement versus passive
exercise [1, 3, 4, 5]. repetitive movement on knee proprioception. Clinical

Based on the findings of this study, it is Biomechanics, 4: 17.
recommended that one should exercise cautiously to 10. Miura,  K.,  Y.  Ishibashi, E. Tsuda, Y. Okamura and
measure static balance using single leg stance test after H. Otsuka, 2004. The effect of local and general
physical activity such as running in which leg muscles fatigue on knee proprioception. The J. Arthroscopic
fatigue may alter the result. It seems that sub-maximal and Related Surgery, 20(4): 414-418.
running could improve knee proprioceptive senses, thus, 11. Lattanzio, P., J. Peterella, J.R. Sproule and P.J. Fowler,
it is recommended to perform mild running before 1997. Effects of fatigue on knee proprioception,
proprioception measurement. Findings of this study Clinical J. Sport Med., 7: 22-27.
support the clinical utilization of warm-up to promote 12. Marks, R. and H.A. Quinney, 1993. Effect of fatiguing
proprioception. This utilization can be implemented for maximal isokinetic quadriceps contractions on ability
proprioceptive training in sports activities, plus injury to estimate knee-position, Perceptual and motor
prevention and rehabilitation. Skills, 77: 1195-1202.
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