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Abstract Joint position sense is generally accepted as an important contributing factor to motor performance and is
likely an important component to address regarding injury prevention and rehabilitation. Research has shown that light to
moderate exercise may improve reproductive joint position sense (RJPS) at the ankle and shoulder whereas exercise
leading to fatigue has been shown to reduce threshold joint position sense (TJPS) in the shoulder and RJPS in the knee.
The purpose of this study was to examine the effects of eccentric exercise versus concentric exercise of the dorsiflexor
muscles on RJPS at the ankle. It was hypothesized that following a fatiguing exercise protocol, absolute error of RIJPS at
the ankle would be worsened in both the eccentric and concentric groups when compared to control group levels. A second
hypothesis asserted that constant error of RIPS would be significantly greater in the exercised subjects than in the control
group subjects. Our third hypothesis stated that eccentric exercise to fatigue would cause impairments in ankle RJPS
absolute error to an extent significantly greater than that of concentric exercise. The final hypothesis stated that the
eccentric exercise group would demonstrate significantly greater constant error of RJPS than the concentric exercise group.
Subjects consisted of 30 young adults randomly assigned to either a concentric or eccentric exercise group or a control
group. Using a repeated measures design, both experimental groups of subjects were tested for RJPS prior to exercise and
after a prolonged bout of exercise. Results demonstrated no significant decrease in RJPS in the experimental groups when
compared to the control group. There was no difference found between eccentric and concentric contractions on RJPS at
the ankle. There was a significant difference found in RJPS at the ankle when comparing the eccentric group to the control
group in the plantarflexion measurement, with the eccentric group demonstrating an improvement. This effect may be due
to some warmup benefits of exercise on either the dorsiflexor or plantarflexor muscle group. Neither muscle fatigue nor
eccentric exercise was shown to have a negative effect on RJPS at the ankle.
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the role exercise plays in affecting proprioception. This

1. Introduction void in the literature and the theory of an exercise effect on
Proprioception is well accepted as an important contributing Etrl?g);loceptlon are the compelling factors underlying this

factor to motor performance and is an important component
to address regarding injury prevention and rehabilitation.
It is essential to have a good sense of body position in
athletics, which often requires agility and complex body
movements. Not only is proprioception necessary for
optimal motor performance, but a decline in proprioception
may also influence injury occurrence. Payne and colleagues
suggested that proprioceptive deficits were predictive of
ankle injuries in collegiate basketball players while other
studies have demonstrated the efficacy of proprioceptive
training in significantly reducing the incidence of athletic
injuries [1,2,3]. There has been very little research done on

Current literature reports two divisions of proprioception:
kinesthesia and position sense. Kinesthesia describes the
sensation of joint movement, while position sense represents
the perception of joint position.

Somatosensory mechanoreceptors have been identified in
the soft tissues around joints, including muscles, tendons,
ligaments, joint capsules, and skin. These various sensory
receptors combine to provide optimal proprioception [4,5].
It has been reported that cutaneous receptors respond mainly
to kinesthesia, with a lesser contribution to joint position.
Furthermore, joint capsule and ligament mechanoreceptors
have been identified as contributing most significantly at
* Corresponding author: the end_ ranges o_f motion, a long standing and robust
johnmechesney@boisestate.edu (John W. McChesney) concept in neuroscience [6].

Received: Dec. 31, 2025; Accepted: Jan. 26, 2026; Published: Feb. 26, 2026 Researchers generally use any of three methods to measure
Published online at http://journal sapub.org/sports proprioception. These methods are threshold to detection of




2 Sandy Meador and John W. McChesney: The Effects of Eccentric
and Concentric Exercise on Joint Position Sense at the Ankle

passive motion (TTDPM), reproductive joint position sense
(RJPS), and matching joint position sense (MJPS). TTDPM
is explained as a subject’s threshold to detection of passive
joint movement. This paradigm involves very slow passive
movement of a limb (0.4 7sec) while the subject responds
when he/she first detects joint motion. This type of
measurement is used to assess kinesthesia [7].

RJPS can have a few different variations. It begins with
the examiner positioning the limb by moving from the
starting position to the target position. This initial target
positioning is most commonly done passively by an
experimenter. After returning to the starting position, the
subject then attempts to reproduce the target position via
either active or passive limb motion. Both muscle and joint
receptors are stimulated by active positioning while passive
positioning isolates joint receptors [8].

Considering the conptribution of muscle afferents to
proprioception, it seems logical to examine the effects
of exercise on joint position sense and kinesthesia. Little
research has been done on this topic, but studies suggest
that exercise may enhance proprioception [9,10]. It is the
premise of this study to examine the effect of exercise on
proprioception.

While moderate exercise may enhance proprioception,
fatiguing exercise has been shown to worsen both kinesthesia
and position sense [11,12,13,14]. In order to achieve a level
of fatigue, many researchers employ maximal intensity
concentric contractions. In addition, fatigue has been shown
to decrease proprioception at the knee as well as the
shoulder [14]. Because fatigue would be expected to have
a greater impact on muscle receptors than joint receptors,
the effects of fatigue on position sense lends support to the
conclusion that muscle mechanoreceptors provide the
primary feedback in joint position sense.

Research suggests that eccentric exercise causes damage
to muscle fibers, leading to the observable effects of delayed
-onset muscle soreness and decreased strength [15,16,17]. It
has been suggested that eccentric contractions recruit fewer
motor units, leaving more force and tension to be placed on
each activated fiber. If eccentric exercise produces muscle
damage, it would be expected that eccentric exercise would
also damage muscle mechanoreceptors, thereby reducing
proprioception.

The literature on eccentric exercise and joint position
sense is inconclusive. Furthermore, the nature of the
relationship between eccentric exercise and joint position
sense compared to that of concentric exercise and joint
position sense, and whether the current research findings
are determined by the type of exercise or by some other
variable, such as fatigue, is still unclear.

The purpose of this study was to examine the effects
of eccentric versus concentric exercise to fatigue of the
dorsiflexor muscles on joint position sense at the ankle
during dorsiflexion and plantarflexion measurements. This
study examined the concept that fatiguing exercise has
detrimental effects on joint position sense. It was hypothesized,
based on the findings from previous studies [10,14] that

following a fatiguing exercise protocol, absolute error of
RJPS at the ankle would be worsened in both the eccentric
and concentric groups when compared to control group
levels. A second hypothesis asserted that constant error of
RJPS would be significantly greater in the exercised subjects
than in the control group subjects. A third hypothesis stated
that eccentric exercise to fatigue would cause impairments
in ankle RJPS absolute error to an extent significantly
greater than that of concentric exercise. The final hypothesis
stated that the eccentric exercise group would demonstrate
significantly greater constant error of RIPS than the concentric
exercise group.

2. Methods

2.1. Apparatus and Procedures

Thirty young adults (15 male, 15 female) were recruited
to participate in this study. The subjects were recruited by
word of mouth and ranged in age from 18-30 years.
Participants were randomly assigned to one of three groups:
a control group, a concentric exercise group, or an eccentric
exercise group. Prior to participation, each subject was
informed of the possible risks involved, asked to complete a
medical history questionnaire and undergo a pre-participation
physical examination of the ankle. Subjects were excluded
if they demonstrated significant decrements in muscular
strength or neurologic sensation when compared bilaterally,
had less than 20<of dorsiflexion and 40°of plantarflexion,
or had a current injury to either ankle.

Ankle RJPS was measured using an instrumented
apparatus with an adjustable, mobile footplate, as described
by Walters and McChesney [10]. The experimental foot
was situated flat on the footplate to allow full, unresisted
range of motion in plantar flexion and dorsiflexion. An
electrogoniometer attached to the footplate was aligned
with the center of the axis of motion of the talocrural joint,
corresponding with a line drawn between the midpoints
of the medial and lateral malleoli [18]. A lever attached
to one corner of the footplate was positioned to allow
the experimenter to passively move the subject’s foot. All
subjects wore a blindfold and listened to low-level white
noise through headphones to exclude auditory and visual
cues during testing. The researcher communicated with the
subjects through a microphone attached to the system.

Ankle RJPS was assessed in each subject over two
experimental sessions. RIPS was tested in the experimental
groups prior to exercise and following a fatiguing period of
either eccentric or concentric exercise. The control group
underwent an RJPS pre-test and a second test following a
period of no physical activity. Each subject’s dominant leg
was used for all portions of the study. Leg dominance was
determined by instructing the subject to step down from a
bench and designating the first leg used to step down as the
dominant leg.

Subjects were placed in a seated position with the dominant
bare foot positioned flat on the footplate of the testing



International Journal of Sports Science 2026, 16(1): 1-6 3

apparatus. The experimenter then passively moved the foot
through one complete plantarflexion or dorsiflexion range
of motion to familiarize the subject with the apparatus and
allow the subject to practice relaxing during the passive
movement. RJPS testing began with the ankle in a neutral
starting position (09. The foot was then passively moved to
a random test angle and the subject was told to memorize
the position. The foot was held at that angle for 5 seconds
and then passively returned to the starting position. From
there, the subject was prompted to actively reproduce the
test angle within a ten second period and press a hand-held
signal switch when they had reached the desired position.
RJPS was tested in both dorsiflexion and plantarflexion.
Five trials were performed in each range of motion with
absolute error and constant error recorded for each. The
error scores for the five trials were averaged to create a mean
score to be used in data analysis. Test angles were randomly
chosen in the ranges of 5-15° dorsiflexion and 5-30°
plantarflexion and varied in order from pre-test to posttest.

Subjects were randomly placed into either a concentric or
eccentric exercise group or a control group, allowing for
10 individuals in each group. All exercise was done on a
modified Orthotron Il apparatus which had been converted
to an isotonic exercise system using external weights
attached to a swing arm for resistance. Following the RIPS
pre-test, members of both exercise groups were tested for
his/her concentric one repetition maximum (1RM) in ankle
dorsiflexion. Two minutes were allowed between each 1
RM trial for recovery. To facilitate testing, each subject was
placed in a seated position with the experimental leg
extended and a small bolster under the knee. The subject’s
foot was secured onto a footplate that allowed unrestricted
motion in dorsiflexion and plantarflexion.

To familiarize each subject with the exercise apparatus
and protocol, the experimenter began by passively moving
the secured foot through a complete range of motion. The
subjects were then instructed on the exercise protocol.
Subjects were seated in the same position as for the 1 RM
testing. The starting foot position for the concentric exercise
group was with the foot in full plantarflexion. The subject
was then instructed to dorsiflex the foot as far as possible.
Next, the experimenter verbally instructed the subject to
relax and passively moved the foot back to the starting
position. A movement from starting position to starting
position was considered one repetition. Three sets of
repetitions to fatigue were performed moving through
dorsiflexion at 80% 1RM until they were unable to actively
move their ankle back to ankle neutral (the point of fatigue)
while under weight. Subjects were given a 30-second rest
period between each set. Following completion of the
exercise protocol, the subject was instructed to immediately
remove his/her shoe and be transferred to the RJPS
apparatus for the second session of position sense testing.
The transfer to the RIJPS apparatus required that the subject
simply pivot 90 degrees while remaining seated. The
average time elapsed from completion of the concentric
exercise to the beginning of the posttest was 43 seconds.

Subjects in the eccentric exercise group performed a
similar protocol, but they began with the foot statically held
in full dorsiflexion (~20<) while weighted. Subjects were
then instructed to actively lower the foot through the complete
plantarflexion range of motion over a three-second period.
A mechanical stop was provided at 50 of plantarflexion in
order to avoid the risk of being stressed past the normal end
range of motion. At the end of the plantarflexion range, the
weight was released and the examiner again instructed the
subject to passively moved the foot back to the starting
position to complete one repetition. This group performed
three sets to fatigue at 120% of the 1RM weight with
30-second rest periods between each set. This ECC exercise
weight percentage of the 1RM was determined from data
that shows a muscle can produce 40 percent more tension
eccentrically than it does concentrically [19]. Fatigue was
determined as the point at which the subject could no longer
actively hold the weight in the static starting position prior
to commencing to lower the weight back through the
plantarflexion range. Following completion of the exercise
protocol, the subject immediately removed his/her shoe and
was transferred to the RIPS apparatus for the second trial of
position sense testing. The transfer occurred in the same
method as the concentric group. The average time elapsed
from completion of the eccentric exercise protocol to the
beginning of the posttest was 44 seconds. The control group
subjects read for ten minutes between RJPS trials.

2.2. Data Analysis

Mean absolute error (AE) and mean constant error (CE)
were measured in degrees to an accuracy of 0.10° and
analyzed to assess RJPS at the ankle. Absolute error is
defined as the number of degrees the actively reproduced
position differs from the reference position. Constant error
involves the direction of difference and is defined as the
number of positive or negative degrees the actively
reproduced position is from the reference position.

This study involved a pre-test, post-test, control group
design. The independent variables consisted of eccentric
and concentric fatiguing exercise and no exercise. The
dependent variable was ankle RJPS measured in degrees.
AE and CE scores were calculated, and differences were
compared to assess the effects of fatiguing exercise on
RJPS. Differences between groups were calculated and
compared to assessing differing effects between concentric
and eccentric exercise. RJPS scores were compared using
independent t-tests as well as a repeated measures analysis
of variance (ANOVA) with statistical significance at the
0.05 level.

3. Results

Independent t-tests were used to analyze group difference
scores in both absolute error (AE) and constant error (CE).
This analysis revealed no significant differences of AE in
dorsiflexion between the control and concentric groups, the
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control and eccentric groups, and the eccentric and
concentric groups. The repeated measures ANOVA was
used to compare RJPS mean error score differences between
each of the three groups. The ANOVA revealed a significant
difference in AE in plantarflexion in the ECC (M= -1.02°%
2.439 versus control (M= 1.31°+2.28 at 95% confidence
Interval (CI) group analysis (p=0.04) with a raw effect size
nearing 0.3< No differences were found between the CONC
and control or the ECC and CONC scores in plantarflexion
(Figure 1). (Table 1).

Group differences in ABSOLUTE error
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Figure 1. Group comparison of absolute error gain scores across the three
groups of Control (Ct), Eccentric (ECC) & Concentric (CONC) in both the
ankle dorsi and plantarflexion ranges at a confidence interval (CI) of 95%

The previous results refute H;, which states that absolute
error of JPS reproduction will be significantly higher
(worsened) in the exercised subjects when compared to the
control group. There was one significant difference observed
demonstrating improvement in the exercised subjects rather
than a worsening. These results also contradict Hi, which
asserts that absolute error of JPS reproduction will be
significantly higher in the ECC group when compared to
the CONC group (Table 2). There were no significant
differences revealed for constant error (CE) in dorsiflexion
or plantarflexion between the control and eccentric groups,
the control and concentric groups, and the eccentric and
concentric groups (Figure 2).

Group differences in CONSTANT
error gain scores

G - Dorsiteion Plantarflexion
4 L
2 5 | |
Ml R uow
° -2
-4

- CtvECC CtvCONC  CONCvECC CtvECC CtvCONC CONCvVECC

Figure 2. Group comparison of constant error gain scores across the three
groups of Control (Ct), Eccentric (ECC) & Concentric (CONC) in both
the ankle dorsi and plantarflexion ranges. No significant difference was
observed at the CI of 95%

The preceding CE results fail to support H,, which states
that constant error of JPS reproduction will be significantly
higher in the exercised subjects when compared to the control

group. The results also refute H,, which states that constant
error of JPS reproduction will be significantly higher in the
eccentric group when compared to the concentric group
(Table 2).

Table 1. Repeated Measures ANOVA comparing RJPS errors, Absolute
(AE) and Constant Error (CE) between groups in two ranges of ankle motion.
DF=Dorsiflexion, PF=Plantarflexion, (F-critical across comparisons =3.354)

Source df F ratio p
DF-AE 2 0.287 0.753
PF-AE 2 3.421 *0.047
DF-CE 2 1.421 0.259
PF-CE 2 0.262 0.771

Table 2. Mean and Standard Deviation (SD) values for Group Gain Scores
comparing RJPS errors across the Eccentric (ECC), Concentric (CONC) and
Control Groups with significant differences* between the ECC and Control
values in plantar flexion with a raw effect size nearing 0.3°

Dorsiflexion Plantarflexion
Group Effects ECC CONC  Control ECC CONC Control
AE Mean 0.81° 1.43° 0.97° -1.02° * -0.26° 1.31°*
SD +1.9° +£176° +203° +2.43° +1.10° +2.28°
CE Mean 1.54° 3.14° 1.95° 0.41° 0.17° 1.12°
SD +2.41° *£241° =1.73° + 3.08° +2.38° +3.57°

In summary, pre-exercise and post exercise error scores
were recorded for the experimental groups in both
dorsiflexion and plantarflexion and the difference scores
(gain scores) were used for data analysis. Pre-test and
post-test error scores were recorded for the control group in
both dorsiflexion and plantarflexion and the gain scores were
used for data analysis. Group gain scores were compared
between groups to determine treatment effect on ankle RJPS.
Neither the concentric exercise group nor the eccentric
exercise group was found to have higher AE scores than the
control group in dorsiflexion. In plantarflexion, the
concentric group versus control group showed no significant
differences. The eccentric group demonstrated a significant
difference in AE scores when compared to the control group,
but with means of -1.02< and 1.31° respectively, the
eccentric group displayed an improvement in RJPS while the
control group worsened. These results refute Hy, which states
that RIPS AE scores will be significantly higher in the
exercised subjects than in the control group.

The results also refute H,, which states that RIPS CE will
be significantly higher in the exercised subjects than in the
control group. Neither the CONC group nor the ECC group
was found to differ from the control group in CE scores in
dorsiflexion or plantarflexion measurements.

When the AE mean difference scores of the CONC group
were compared to the ECC group, no significant differences
were found. This result contradicts H;, which asserts that
RJPS AE scores will be significantly higher in the eccentric
subject group than the concentric subject group. Additionally,
no differences were found in the CE scores between the
concentric exercise group and the eccentric exercise group.
H,, which asserts that CE will be significantly higher for the
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eccentric group than for the concentric group, is refuted by
the study’s results.

4. Discussion

The purpose of this study was to examine whether ankle
reproduction joint position sense (RJPS) would be affected
by fatiguing exercise involving concentric or eccentric
contractions of the dorsiflexor muscles. By analysing the
results, we hope to increase the understanding of the effects
exercise and muscle fatigue have on proprioception.

Gain scores were analysed between each exercise group
and the control group to determine the effects of muscle
fatigue on RJPS. Because it is generally agreed in recent
literature that muscle mechanoreceptors play a primary role
in joint position sense, especially in the mid-ranges of
motion [4,20]. It was hypothesized that muscle fatigue would
worsen the ability of the subjects to reproduce a target angle.
These results fail to support this hypothesis. The only
significant effect was found in the eccentric exercise group
versus the control group comparison in plantarflexion. Instead
of a worsened RJPS, the treatment group demonstrated an
improvement. The findings of this study do not demonstrate
any worsening of joint position sense due to fatigue.

We observed an improvement of AE of RJPS following
fatigue in the ECC group when measured in plantarflexion.
While moderate exercise has been shown to enhance
proprioception [9,10], no previous study has demonstrated
an improvement following muscle fatigue. This occurrence
is most likely due to the fact that only the dorsiflexor muscles
were fatigued. The improvement following exercise was
noted in the plantarflexion motion, which would initiate a
stretch of the dorsiflexor muscles, but actively used the
gastrocnemius-soleus complex. Each of the previous studies
measured active contractions of the fatigued muscle(s) only.
This reasoning may not necessarily explain why the ECC
group demonstrated a significant improvement in RJPS from
pre-exercise to post exercise levels in plantarflexion. We can
only hypothesize about reasons behind the observed
improvement in RJPS. One possible reason could be that
eccentric exercise of the dorsiflexor muscles served as a
warm-up which then enhanced RIJPS when those muscles
were placed on a passive stretch. Another possible reason
could be that the plantarflexor (antagonist) muscles may
have undergone some contractions during the eccentric
exercise. This activity may have resulted in the same benefits
to RJPS seen following moderate exercise.

Constant error score differences were also analysed to
determine the direction of error. A positive constant error
translates to a tendency to overshoot the target while a
negative constant error is interpreted as a tendency to
undershoot the target angle, both of which appear not to be
affected by exercise.

Research suggests that eccentric muscle contractions lead
to damage of muscle fibers, creating muscle soreness and
decreases in strength and range of motion [15,16,17]. Itis not

known if this muscle damage would influence the muscle
mechanoreceptors that are fundamental to proprioception. If
s0, one would expect to see an impairment in RJPS following
prolonged eccentric exercise. Group differences in error
scores from pre-exercise testing to post exercise testing of
the ECC group and the CONC group were compared in order
to determine if eccentric contractions were more harmful to
proprioception than concentric contractions. Data analysis
revealed no significant difference between the two exercise
types. Eccentric exercise also had no effect on the direction
of error.

This lack of an observed effect supports previous studies
in which it was demonstrated that eccentric exercise of the
elbow flexors had no effect on RJPS at the elbow joint
[15,18]. Eccentric exercise may create mechanical changes
in muscle tissue, but evidence does not support the concept
that eccentric exercise differs from concentric exercise in its
effects on proprioception.

5. Conclusions

One purpose of this study was to determine the effects of
muscle fatigue on RJPS at the ankle. This study did not
demonstrate any negative effect on RJPS at the ankle due to
muscle fatigue. The hypotheses, H; and H,, which stated
fatiguing exercise would increase AE and CE scores of RIPS
were not supported by the data.

These results both support and contradict previous studies
on the effects of fatigue on proprioception [9,12,13,14]. It is
a robust concept that muscle mechanoreceptors play a vital
role in proprioception, but the degree to which fatigue
influences these proprioceptive receptors is still in question
and further investigation is needed.

The second purpose of this study was to determine if
eccentric exercise produced effects different from those
following concentric exercise. There was no difference
found either in amount or direction of error. The data failed
to support Hs and H,, which stated that AE and CE scores of
RJPS would increase by a greater degree following eccentric
exercise than following concentric exercise.

This study examined only the immediate effects of
eccentric exercise on RIJPS. However, eccentric exercise has
been known to produce lingering effects to muscle for
several days following the actual exercise. More research is
warranted as to the consequences of these lingering effects
on proprioception at all joints of the body.
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