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Muscle Latency and Proprioception in Non-Dominant and
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Abstract

Objective: The effects of lower extremity dominance on response latency and proprioceptive ability have been reported for physically active
individuals, but not for sedentary individuals. The aim of this research was to explore the differences in muscle latency and proprioceptive ability
between the non-dominant and dominant legs of healthy sedentary individuals.

Material and Methods: Nineteen healthy male subjects without a history of any physical training practice for a minimum of 12 months were
enrolled in this study. An ankle inversion tilting platform was used to measure the reaction times of the tibialis anterior and peroneus longus
muscles. Joint position sense measured actively and passively and kinesthesia were used to evaluate proprioception of the ankle joint.

Results: Neither the latency times of the tibialis anterior and peroneus longus muscles nor the proprioceptive ability score measurements exhibited
significant differences between the non-dominant and dominant legs (p>0.05).

Conclusion: The results of this investigation indicates that there is no side differences between the limbs with the evaluation of the peroneus longus
or tibialis anterior muscle reaction times, ankle joint position sense, and ankle kinesthesia for healthy sedentary individuals.
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Introduction

Impaired proprioception (1-3), postural control (4-6), muscle
strength (7,8), and prolonged peroneal reaction time (9-11) of
the ankle are reported to be the primary causes of functional ankle
instability and ankle sprains. Therefore, evaluating these risk fac-
tors in healthy individuals is important to protect and rehabilitate
the ankle. When healthy subjects are in question, the clinicians
mostly prefer to evaluate or measure the strength, proprioceptive
ability, or muscle latency of the dominant ankle (12-14). Recently,
however, it was shown that the latency of the peroneus longus
muscle was significantly different between the non-dominant and
dominant ankles in healthy physically active individuals, with the

dominant ankle having a longer latency than the non-dominant
ankle (15). Similarly, Knight et al. (16) also reported that the non-
dominant limb has improved proprioceptive ability and balance
over the dominant limb in physically active individuals. On the
other hand, Lin et al. (17) did not find any differences in the
other risk factors for ankle sprains, such as ankle strength and bal-
ance, between the non-dominant and dominant ankles in healthy
adults who did not perform any regular physical training practice.
These different results between the non-dominant and dominant
ankles of healthy individuals suggest that athletes and physically
active individuals place different demands on one limb compared
with that on the other.
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If the possible differences in sensorimotor control between
the limbs are due to activity related demands or improvements
in athletes needs to be clarified. On the contrary to some stud-
ies showing differences in muscle latency and balance between
the limbs in physically active individuals (15,16), comparisons
between the limbs in terms of ankle muscle strength or bal-
ance represented no differences in sedentary individuals (17-
19). Similarly, because of the anticipation that similar demands
would be placed on the non-dominant and dominant ankles in
sedentary individuals, we hypothesized that muscle latency and
proprioceptive ability also would not be different between the
limbs in sedentary individuals.

Therefore, the aim of this investigation was to explore the
differences in muscle latency and proprioceptive ability between
the non-dominant and dominant ankles of healthy sedentary
individuals. It is important to know the magnitude of the differ-
ences between the non-dominant limb and dominant limb in
inactive individuals. When this is known, a comparison between
an injured ankle and its contralateral healthy ankle and the de-
velopment of protective approaches, whether it is the dominant
or non-dominant limb, can be performed with more accuracy.

Material and Methods

Participants

Nineteen healthy male individuals were enrolled to this
study (mean age, 23.2+3.1 years; mean height, 176.1£4.7 cm;
mean body weight, 72.7+9.0 kg). After being informed of the
study and test procedures and any possible risks and discom-
fort that may ensue, all of the participants read and signed an
informed consent form that had been approved by the Ethical
Board for Protection of Human Subjects of Uludag University
Faculty of Medicine, which also approved the study. None of
the participants that were included to this study performed any
type of physical training for a minimum of 12 months prior to
this study. Thus, it was possible to eliminate incidental training
effects that may confound the test results. Participants were in-
cluded in the study if they met the following criteria: did not
have or experience an ankle sprain, low back or lower extremity
dysfunction, any ankle surgery or fracture or any occurrence of
“giving way”, complained of pain, swelling, or functional limi-
tations in the ankles, or took part in any therapeutic exercise
for the ankles within the preceding 12 months. All of the par-
ticipants had no mechanical ankle instability prior to participat-
ing in the study according to anterior drawer and talar tilt tests
performed by the same clinician. To be consistent with previous
research studies, the leg that the participant uses to naturally
kick a ball was defined as the dominant leg (11,15,18,20-23).
The order of testing (non-dominant or dominant limb first) was
randomly determined.

Experimental Procedure

All the tests were performed on two separate days. Reaction
time of the peroneus longus and the tibialis anterior muscles
were measured on the first day. Thereafter, evaluation of the
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proprioceptive ability of the ankle joint was performed on the
second day.

Muscle Reaction Time Measurements

A detailed description of the same muscle reaction time
measurement protocol used in this study, including instrumen-
tation, participant preparation, and testing procedure, has been
published previously by Keles et al. (24). Briefly, reaction time
of the peroneus longus and tibialis anterior muscles were mea-
sured using surface EMG during sudden ankle supination that
was provided with a custom-built trapdoor mechanism. The
following different supinating conditions that were chosen to
evaluate muscle reaction time were 15° inversion during ankle
in neutral (0015) and 20° of plantarflexion (2015) and 30° in-
version during ankle in neutral (0030) and 20° of plantarflexion
(2030) (Figure 1a, b). Muscle onset or reaction time was mea-
sured between the latency of the moment of ankle inversion to
the first EMG response (Figure 2). The average of three measure-
ments was used for analysis.

Reliability of the Tilting Platform

The reliability of the tilting platform was previously evaluated
in a pilot study performed in our laboratory (25). This study
evaluated the reliability of the reaction time measurements of
the peroneal muscles from the ankle in neutral position to 30°
inversion. The reliability of the test was calculated using intra-
class correlation coefficients (ICCs). Currier accepted the ICC as
clinically meaningful if its value is 20.80 (26). As a result, good
reliability was obtained for the peroneal reaction time according
to the ICC (ICC=0.80) (25).

Proprioceptive Ability of the Ankle Joint
Joint position sense in active and passive mode and kinesthe-
sia were measured to evaluate proprioception of the ankle joint.

Ankle Joint Position Sense

Joint position sense of the ankle was measured using a com-
puterized isokinetic dynamometer (Cybex NORM™, CSMI,
USA) at a 0.5°-s angular speed. To evaluate active and passive
ankle joint position senses, 10° and 20° of ankle inversion and
15° and 30° of ankle plantarflexion were selected as the test
angles. Details for the subject positioning on the dynamometer
and testing procedure are described in the studies of Sekir et al.
(8,27). Briefly, the subject was asked to reproduce one of the
requested test angles either actively or passively after the tester
has passively moved the tested ankle from neutral position to
the testing position, held it for 5 s, and moved it back passively
from the presented angle to the reference angle (neutral posi-
tion). Error score in degrees that existed between the reference
and repositioned test angle was recorded as angular displace-
ment. The over- or underestimated angular displacements from
the reference angle were not considered in calculating the error
scores. Thus, only the absolute errors were noted. Each tested
condition was repeated three times and the mean was calcu-
lated to determine the average absolute error score.
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Table 1. Muscle reaction time in the dominant and non-dominant
limb [MeanSD]

Table 2. Joint position sense and kinesthesia scores in the domi-

nant and non-dominant limb [MeanzSD]

Dominant Non-dominant F value p value Dominant Non-dominant F value p value

PerRT0030 (msec) 97.1£23.9 85.5£13.7 3.357 0.075 PasJPS20-In (degree)  2.1+1.5 2.1+1.2 0.031 0.862
PerRT0015 (msec)  101.8+29.8 91.3+13.1 1.989 0.167 PasJPS10-In (degree)  1.8+1.6 1.3£0.7 1.501 0.229
PerRT2030 (msec) 88.4+9 87.4£16.3 0.061  0.806 ActJPS20-In (degree)  1.8+1.3 23114 1.340 0.255
PerRT2015 (msec) 91.3+22.8 88.7+£18.3 0.153  0.698 ActJPS10-In (degree)  1.7+0.9 1.4+1 1.361  0.251
TibRT0030 (msec)  101.3£27.3 90+18.6 2253 0.144 PasJPS30-PF (degree)  3.8+2 3.1£2 1.406 0.243
TibRT0015 (msec) 104.5+26 100.5+18.4 0.291  0.593 Pas)PS15-PF (degree)  2+1.5 2.11£1.4 0.113  0.738
TibRT2030 (msec) 94.7+22.2 92.4+14.1 0.154  0.697 ActJPS30-PF (degree)  3.6+2.3 2.7£1.6 2309 0.137
TibRT2015 (msec)  101.1£30.4 96.8+22.1 0.238  0.629 ActJPS15-PF (degree)  1.8+1.1 1.6%1.1 0.524 0.474
PerRT: Peroneal reaction time; TibRT: tibial reaction time; 0030: neutral, 30° inver- TDPM-In (degree) 0.7+0.4 0.840.6 0417 0.523
sion; 0015: neutral, 15° inversion; 2030: 20° plantarflexion, 30° inversion; 2015:

20° plantarflexion, 15° inversion TDPM-PF (degree) 0.6£0.3 0.8£0.5 1.265 0.268

Kinesthesia

Kinesthesia is evaluated by determining the threshold for
detecting passive motion in the joint and was measured using
the continuous passive motion (CPM) mode of the isokinetic dy-
namometer (Cybex NORM™, CSMI, USA) at an angular speed
of 0.1°s'. The same participant positioning on the isokinetic
dynamometer’s platform used in the measurements of sensitiv-
ity to joint position was also used in this test.

The test was started when the foot was positioned in the
neutral (0°) position. After the participants were blindfolded and
were ready for testing, the dynamometer began to move con-
tinuously from the neutral position to inversion or plantarflex-
ion at an angular speed of 0.1°-s at any time over a period of
1 min. The participants were asked to identify passive motion
or a change in joint position. When they felt any motion, they
were told to signal the tester. Three trials were performed. The
threshold for detecting passive motion was determined as the
error in degrees between the starting angle (neutral position)
and the angle where the subject detected passive motion. Each
tested condition was repeated three times and the mean was
calculated to determine the average error score.

Statistical Analysis

Significant differences in all the variables between the domi-
nant and non-dominant limbs were calculated using one-way
analysis of variance (ANOVA). The level of significance was set to
p<0.05. The statistical analysis was performed using Statistical
Package for the Social Sciences version 16.0 (SPSS Inc., Chicago,
IL, USA). All of the tests were two-tailed.

Results

Muscle Reaction Time

The descriptive statistics for the peroneus longus and tibi-
alis anterior reaction times for the non-dominant and dominant
limbs in neutral and plantar-flexed ankle positions are presented
in Table 1. Although all the muscle reaction times were slightly
lower for the non-dominant limb, no statistically significant dif-
ferences were observed between the limbs (p>0.05).

ActJPS10-In: Active ankle joint position sense at 10° of inversion angle
Act]PS20-In: Active ankle joint position sense at 20° of inversion angle
PasJPS10-In: Passive ankle joint position sense at 10° of inversion angle
PasJPS20-In: Passive ankle joint position sense at 20° of inversion angle
Act]PS15-PF: Active ankle joint position sense at 15° of plantarflexion angle
Act]PS30-PF: Active ankle joint position sense at 30° of plantarflexion angle
PasJPS15-PF: Passive ankle joint position sense at 15° of plantarflexion angle
PasJPS30-PF: Passive ankle joint position sense at 30° of plantarflexion angle
TDPM: Threshold to detect passive motion

Figure 1. a,b. Subject on the custom-built trap-door mecha-
nism (a) before and (b) after sudden ankle supination of 30°
of inversion from the ankle in neutral position (supination
condition 0030)

Proprioceptive Ability

The active and passive reproduction error scores for the ankle
joint position sense for 10° and 20° of ankle inversion and 15°
and 30° of ankle plantarflexion and the scores for the threshold
to detect passive motion, either to inversion or plantarflexion,
are presented in Table 2. As shown in the table, ANOVA showed
no significant differences between the non-dominant and domi-
nant ankles for all the measured proprioceptive ability scores
(p>0.05).
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Figure 2. Sample tracing of raw electromyographic activity
presents the calculation of peroneal reaction time during sud-
den ankle supination

Discussion

The aim of this investigation was to explore whether the
muscle latencies and proprioceptive ability of the ankle joint
differ between the limbs of sedentary healthy participants. Be-
cause it was shown that the different demands placed upon
the non-dominant and dominant limbs may cause measurable
differences in postural control and response latency in physi-
cally active individuals, we hypothesized that muscle latency
and proprioceptive ability would not be different between the
limbs in sedentary individuals because of the anticipation that
similar demands would be placed on both legs in these in-
dividuals. In accordance with our hypothesis, the results of
this investigation presented no significant differences in the
latency times of the peroneus longus and tibialis anterior mus-
cles and the proprioceptive ability of the ankle joint between
the non-dominant and dominant ankles of healthy sedentary
individuals.

The present study exhibited partially consistent results with
the previous studies for reaction times for the peroneal and tibi-
alis anterior muscles (10,28-31). In this study, the mean pero-
neal latencies ranged from 88 to 102 msec and 86 to 91 msec in
the non-dominant and dominant limbs, respectively. Although
shorter peroneal reaction times (50-66 msec) in healthy ankles
compared to our results were stated in a majority of the previous
studies (10,28,31,32), the results of other studies (29,30) were
quite comparable with our results. The mean anterior tibial la-
tencies ranged from 95 to 105 msec and 90 to 101 msec in the
non-dominant and dominant limbs, respectively. The reaction
times in the tibialis anterior muscle were also longer than the
results of previous studies (55-80 msec), which were measured
in healthy ankles (10,33-35). However, Lynch et al. (29) found
similar results (88-107 msec) to our study. Different locations in
electrode placement, the style of the trapdoor system, differ-
ent calculations in muscle latency, testing methods while stand-
ing or walking, or the body weight distribution on the platform
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used in the previous studies could be the reasons for the discrep-
ancies. Because it could affect activations of the peroneal and
tibial muscles, the expectation of the release of the trap door
mechanism by the subject may be another reason. The subjects
in this study were asked to turn their back to the tester while on
the platform to eliminate this possible influence during testing.
Thus, the subjects did not have the chance to see the release of
the platform.

Studies investigating the effects of limb dominance in healthy
sedentary individuals without any physical training experience
mostly focused on ankle strength and postural balance (17-19).
These studies have shown no differences between the limbs for
the risk factors for ankle sprain, such as ankle strength and pos-
tural balance measures. Although muscle latency is not directly
linked with strength and balance, our results showing no differ-
ence between the limbs in muscle latency correlate with those of
previous studies with respect to limb dominance (17-19). Limb
dominance was studied by Lin et al. (17). They studied ankle
strength and unilateral static balance control in individuals hav-
ing no attendance in any type of physical training practice. Their
results indicate that there are no differences between the non-
dominant and dominant ankles with respect to invertor and
evertor strengths and static balance. Acute or chronic injuries
and diseases rather than limb dominance were suggested by
the authors for the asymmetries in strength or single-leg bal-
ance test in healthy sedentary individuals (17). In another study,
Alonso et al. (18) also could not demonstrate any differences in
postural balance between the limbs in volunteers who were not
involved in any physical activity for a minimum of 6 months be-
fore the study. According to the evaluation of single-leg balance,
the authors stated that there is no side differences between the
limbs in sedentary healthy individuals whose physical activities
consists of only daily activities and walking (18). Similarly, Hoff-
man et al. (19) aimed to evaluate postural control with a single-
limb stance for non-dominant and dominant ankles in healthy
inactive individuals. Their results also showed no differences be-
tween the non-dominant and dominant legs.

With respect to latency measures, there is currently a lack
of knowledge on the effects of leg dominance on muscle reac-
tion times of the peroneus longus or tibialis anterior muscles
in healthy and sedentary individuals. One study in the litera-
ture concentrated on the difference in the latency of the pero-
neus longus muscle between the non-dominant and dominant
limbs in physically active individuals participating in a 30 min
physical activity training for 4 days in a week (15). The results
revealed that the peroneus longus of the non-dominant limb
had a significantly shorter latency than that of the dominant
limb. Based on the activity level of the subjects, the authors
concluded that these results may be due to the different loads
put on the non-dominant and dominant ankles during physical
activity (16). Indeed, a study conducted in healthy physically ac-
tive participants found higher sway velocity in the dominant leg
than in the non-dominant leg during single-leg, eyes-open, or
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eyes-closed conditions (16). The authors pointed to a probable
change in balance control and development of specific postural
adaptations due to physical training (36,37). Furthermore, it is
also very well known that athletes place different loads on the
non-dominant and dominant leg (38,39). Stephens et al. (40)
reported differences in jumping height and maximum vertical
ground reaction force between the two limbs in subjects with
competitive volleyball experience. In addition, athletes who use
their non-dominant limb to support body weight and maintain
balance during a ball kick or stepping up onto a step exhibit bet-
ter postural control in the non-dominant limb (16). The findings
regarding the differences between the limbs in athletes support
the debate between the authors that the difference in loads put
on the non-dominant and dominant limbs leads to assessable
differences in strength, postural balance, and muscle latency.
There could be possible links why muscle reaction time
would be different between the limbs in individuals with physi-
cal training experience. The different activity related loads put
on the non-dominant and dominant limb may cause an altera-
tion in muscle spindle activity. Static and dynamic gamma mo-
tor neurons send stimuli to the muscle spindles, which act as
stretch receptors. Gamma motor neurons can adjust the sensi-
tivity of the intrafusal fibers by innervating these intrafusal fibers
of the muscle spindle (41). Several investigators already showed
increased muscle activity following joint afferent fiber or mecha-
noreceptor stimulation and activation of gamma motor neurons
(42,43). An increase in firing of the motor nerves to the muscles
due to the activations of the muscle spindles following stretch-
ing that may potentially boost the concentric force of contrac-
tion in the muscle fibers was also expressed by Dietz et al. (44).
Therefore, it is considered that the unanticipated stretch caused
by a supination perturbation changes the dynamic gamma mo-
tor neuron activity and could make the muscle spindles of the
peroneus or tibial muscles more or less sensitive. As a result,
it can be hypothesized that the alteration in the sensitivity of
the gamma motor neuron activity of the dominant limb due to
different activity related demands placed on the dominant leg
compared with the non-dominant leg may lead to a decrease
in the recruitment of motor nerves to the muscles and cause
a decreased reflexive activation in the dominant limb. The fact
that healthy sedentary individuals did not put different loads on
the non-dominant and dominant limbs explains why we could
not find differences in muscle reaction time between the limbs.
Yeung et al. (20) and Ekstrand et al. (21) reported in their stud-
ies that the dominant ankle was sprained 2-2.4 times more fre-
quently than the non-dominant ankle in athletes. Knight et al.
(15,16) concluded in their studies that the poorer balance or
latency of the peroneus longus muscle of the dominant limb
may help explain why the dominant ankle is sprained more fre-
quently than the non-dominant ankle. Based on our results, it
can also be hypothesized that in healthy sedentary individuals
there is no difference in the risk of ankle sprain between the

limbs. However, further studies that assess ankle injuries with a
similar subject group are necessary.

There are few studies that have investigated differences in
proprioceptive ability (joint position sense or kinesthesia) be-
tween the non-dominant and dominant legs of healthy seden-
tary individuals (45,46). Fischer-Rasmussen et al. (45) performed
angle reproduction and detection of passive movement tests of
the knee joints in healthy sedentary individuals. They could not
present significant differences between the non-dominant and
dominant limbs with respect to the ability to reproduce an angle
to a certain position and detect passive movement. Aydin et
al. (46) also observed no significant differences between non-
dominant and dominant ankles with respect to the ability to
sense passive movement and the active angle-reproduction test
results in sedentary subjects, who were included in the study as
a control group. Our results correlate with the results of these
studies, with no differences found between the limbs with re-
spect to joint position sense and kinesthesia (45,46) in active in-
dividuals [teenage female gymnasts (46), a mixed group of male
and female elite athletes (22,23), and female handball players
(47)]. Interestingly, there were also no differences between the
ankle joints with respect to joint position sense.

Conclusion

The results of this investigation indicate that dominance
does not interfere with the evaluation of reaction times of per-
oneus longus or tibialis anterior muscles, ankle joint position
sense, or ankle kinesthesia in healthy sedentary individuals.
Clinicians and researchers may find these results of particu-
lar importance when performing comparative evaluations be-
tween the non-dominant and dominant limbs for the purposes
of either tracking changes following exercise interventions or
identifying deficits in injured individuals. Our results indicate
that either the dominant or non-dominant limb can be used
as a reference. Further studies are needed to reach an accurate
conclusion regarding ankle injuries.
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