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The purpose of this study was to determine the proprioceptive effects of ankle
bracing and taping. Proprioception was assessed in 26 subjects by evaluating
ankle joint position sense, which was determined by the subjects’ ability 1o
actively reproduce a passively positioned joint angle. Testing was performed
at positions of 30° of plantar flexion and 15° of inversion. Each subject under-
went four trials at each test angle under three conditions: braced, taped, and
control. For the plantar flexion test, both the braced condition and the taped
condition significamly eahanced joint position sense when compared 1o the
controf condition. There was no significant difference between the braced and
taped conditions. For the inversion test, the taped condition significantly en-
hanced joint position sense compared 10 the control condition. There was no
significant difference between the braced and the control conditions or be-
tween the braced and the taped coaditions. This study demonstrates that ankle
bracing and taping improve joint position sense in the stable ankle.

The ankle joint is one of the most frequently injured joints of the human body
(10, 11). Over the years, several techniques have been developed in an attempt o
decrease the severity and incidence of lateral ankle sprains. The most frequently
used and reported techniques are bracing and taping (1, 6,9, 21, 22, 24, 26).

Two mechanisms exist by which ankle bracing and taping are theorized to
preveat or decrease the incidence and severity of lateral ankle injuries. The first
mechanism suggests that bracing and taping add mechanical support 10 the liga-
mentous structures and limit the extreme ranges of talar and subtalar joint motion
(7, 8, 13, 22). The second theory suggests that bracing and taping may prevent
injuries by enhancing proprioception and stimulating muscular control (11, 17, 23).
Researchers have recently concluded that range of motion restriction may not be a
reliable measurement of a prophylactic device’s protective ability (1, 13). The role
bracing and taping may play in preveating ankle injury by proprioceptively stimu-
lating muscular contractions is supported by many authors (17, 23), but (he scien-
tific basis of this theory has yet 1o be well established through research (12, 21).
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Joint Position Sense

In normal, healthy individuals, the protective muscular reflex arc is initiated
by mechanoreceptors and muscle spindle receptors. Stimulation of the cutaneous
nerve recepiors and/or mechanoreceptors may result in earlier and enhanced mus-
cular contractions. An earlier onset of the joint’s protective muscular contractions
may possibly decrease the incidence and/or severity of an injury. The application
of an ankle brace or ankle tape may provide enough stimulation of the lissue sur-
rounding the ankle joint to stimulate ankle joint mechanorecepltors.

The purposes of this study were to determine if proprioception, quantified
through the assessment of joint position sense, was enhanced by either the use of a
commercially available ankle brace or by prophylactic taping when compared (0
an untaped/unbraced control ankle, and to compare joint position sense measure-

ments obtained when the ankle was laped o those obtained when only an ankle
brace was worn.

Materials and Methods

Subjects included 26 (10 male, 16 female) physically active college-age individu-
als (age 18.9 + 0.8 yeurs). Physically aclive was defined as participating in some
form of physical activity for a minimum of 30 min, three times per week. At the
time of the study, all subjects were free of ankle pathology and had not, within the
year prior 10 testing, suffered an injury that limited ankle joint function for more
than 48 hr. No subject reported a history of recurring ankle sprains, having had any
type of ankle surgery, or having sustained a ligamentous ankle injury that was graded
higher than a second-degree sprain. Based on history, all subjects were classified as
possessing a functionally stable ankle. Subjects reporting any history of ankle in-
Jury were excluded from the study unless they had completed a comprehensive
rehabilitation program that included a component of proprioceptive training.
Prior to participation, subjects signed an informed voluntary consent form to
participate in this study, which was approved by the Institutional Review Board for
Biomedical Research. Two tests of joint position sense were selected to test the
following three conditions: ankle braced, ankle taped, and the unbraced/untaped
control condition. For each subject, the order of administration of the six tests was
determined randomly in an attempt to eliminate the confounding effects of fatigue.

Tests

Each subject was evalualed using two separate tests of joint position sensibility. For
both tests, joint position sense was determined by measuring the subject’s ability 1o
actively reproduce a passively placed joint position. Testing joint position sense is
one method of assessing the afferent pathway of the neuromuscular loop. Actively
reproducing a previously presented joint angle within the available range of motion
stimulates both joint receptors and muscle receptors. Joint position sense tested
actively may better represent joint function than tests performed in the passive test
mode. Tests that employ active reproduction of passive positioning have been fre-
quently used and are accepted tests of proprioception (2-5, 14, 15).

Recently, the intertester reliability of ankle joint position sense testing was
investigated. Szczerba et al. measured active and passive joint position sense in
uninjured subjects using a Kinetic Communicator 1 (Kin-Com 11) isokinetic dy-
namometer that had been modified for proprioception testing. Their results re-
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veuled poor to moderate intertester reliability for both the active und passive joint
position sense test protocols utilized (25). Due to the intertester reliability findings
of Szezesba et al., the primary investigator performed all testing
position sense in the present study.

For the first test, 30° of plantar flexion was selected as the testangle, while
15° of inversion served as the angle of the second test. These test angles were
selected due 1o the varying degrees of maximal plantar flexion (28.2-45.17°) and
maximal inversion (17.2-57.4°) reported in the literature for a taped or braced
ankie and because the available range of motion for all subjects would be at least
15° in either direction [rom the test position (1, 9, 11, 26).

For both tests of joint position sense, a Cybex 11® clectronic goniomeler
(Cybex, division of Liunex, Ronkonkoma, NY) served as the position sense test-
ing device. Prior (o testing, the goniometer was calibrated as part of the regular
equipment mainienance schedule for this testing device. When the device is cali-
brated according to the manufacturer’s specifications, the accuracy of the scale is
within one standard deviation of the mean values (16).

For the test of active reproduction of passive positioning at 30° of plantar
flexion, the test foot was placed on the plantar flexion—dorsifiexion foot plate of
the Cybex, according to the manufacturer’s instructions for isoluting inversion-
eversion und plantar flexion—dossiflexion, and was secured with Velero straps (Fig-
ure 1) (16). For this study, the right ankle served as the testing limb for all six tests
since lower extremity proprioception does not appear to be influenced by limb
dominance (18, 20). The knee was placed in 90° of flexion and the thigh was
stabilized with a Velero strap. To initiate the test, the foot was placed in the neutral
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Figure 1 — Test position on the Cybex for assessing active reproduction of passiv
positioning at 30° of plantar flexion,
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pqsﬂion. Neutral position was easily determined by making sure the vertical arm
o_t the fool.plalc’und the subject’s tibial shuft were perpendicular. This position was
designied as U In addition, all subjects were blindfolded in an effort 1o eliminate
the contribution of visual cues (o joint repositioning.

j’o familiarize themselves with the testing device, subjects were instructed
to actively perform four repetitions of ankle movement ranging from maximal
plunpu* flexion to maximal dorsiflexion. The test began with the tester passively
movmg.ll.n: test limb into the test position of 30° of plantar flexion und maintaining
that position for 10 s. Following the presentation of the test angle, the subject was
zgskc.d to actively move the ankle from maximal dorsiflexion to maximal plantar
l!cxnon. After completing two lull-range movements, the subject was asked 10 ac-
uycly reproduce the previously presented test angle of 30° of plantar flexion. Four
trials were performed, with the absolute error recorded for each trial. Absolute
error was defined as the number of degrees the actively repositioned ankle was
away from the original test position. The mean of the four trials for cach test con-
dition was calculated to determine an average error score.

Following the same test protocol used for testing at 30° of plantar flexion,
lhﬁ second test of active reproduction of passive positioning was performed at 15°
of inversion. For this test, the dynamomelter head of the Cybex was adjusted 10 535°
zmdvl!le ankle was again secured 1o the inversion-eversion foot plate. The knee was
positioned in 45° of flexion and the thigh was stabilized with Velcro straps (Figure
2). 'Fhe foo[ was placed in the neutral position, which for this test was determined
by aligning the tibial shaft and the head of the second metatarsal. Neutral position
was designated as 0° in order 10 establish a reference point. Subjects again per-

Figure 2 — Test position on the Cybex for assessing aclive reproduction of passive
positioning at 15° of inversion.



210 Heit, Lephart, and Rozzi

formed four active ankle joint movements throughout the maximal range of motion
in order to familiarize themselves with the test equipment. To begin the test, the test
limb was passively moved into the test position of 15° of inversion and maintained
for 10 s. After performing two active movements through the maximal range of
motion, the subject was asked Lo actively reproduce the previously presented test
angle of 15°of inversion. Absolute error was recorded for the four trials, with the
mean of the four trials calculated to determine an average error score.

Test Conditions

For both tests, the subjects were evaluated during the three test conditions of ankle
braced, ankle taped, and an unbraced/untaped control. When joint position sense
was tested during the ankle-braced condition, subjects wore a Swede-O-Universal
ankle support (Swede-O-Universal, North Branch, MN) applied according to
manufacturer’s instructions. The primary investigator ensured intersubject con-
sistency by observing the application of the brace and checking for accurate brace
fit.

For the ankle-taped test condition, we used a combination of the methods
described by Fumich et al. (9) and Wilkerson (27). The athletic tape selected was
Coach 1-1/2 in. (Johnson and Johnson Products, Inc., New Brunswick, NJ). An
underwrap (Mueller, Prairie Du Sac, W1) was applied o the test ankle before the
application of tape. Afier the pre-wrap was applied, athletic tape was applied with
two proximal and one distal circumferential anchoring strips. The remainder of the
tape application consisted of applying four stirrups, overlapped by hall and an-
chored with a proximal circumferential strip, four horseshoe strips overlapped by
one-half, two alternating figure eights, continuous medial-lateral heel locks, and
circumferential strips. To maintain continuity, a certified athletic trainer who had 5
years of taping experience applied all the athletic tape for this study.

Statistical Analysis

The average error of reproduction means and standard deviations were calculated
for each test during each test condition (Table 1). Two one-way analyses of vari-
ance (ANOVAs) with repeated measures were used to separately analyze the re-
sults of the plantar flexion test and the inversion test. To determine significant

Table 1 Degrees of Error in Active Reproduction of Passive Positioning

Plantar flexion test Inversion test

M SD M SD
Braced condition 4.68" 1.52 4.94 1.52
Taped condition 3.90° 1.80 406" 141
Control condition 593 1.91 5.38 2.12

“Indicates significant difference when compared to control condition
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mean differences between the three conditions, a Schefté post hoc procedure was
performed. All of the data were analyzed using the SPSS® for Windows™ 6.0
version software program (SPSS Inc., Chicago).

Results

Results of the two ANOVAs revealed significant main eftects for both the plantar
flexion test, F(2, 50) (.95) = 11.20, p < .001, and the inversion lest, F(2, 50) (.93)
=5.19, p<.05.

For the plantar flexion lest, significant mean differences were revealed be-
tween the braced condition and the control condition and between the taped condi-
tion (p < .05) and the control condition (p < .05). The post hoc comparison be-
tween the braced and the taped condition was not significantly different.

For the inversion test, a significant mean difference was revealed between the
taped condition and the control condition (p < .05), but the difference between the
braced condition and the control condition was not significant. In addition, there
was no significant difference between the braced and the taped condition scores.

Discussion

The results of this study demonstrate that proprioception of the ankle joint is en-
hanced by the use of a commercially available brace and through the application
of athletic tape. When compared to the control condition, the taped condition sig-
nificantly improved joint position sense for both motions of inversion and pluntar
flexion, while the braced condition improved joint position sense only for the motion
of plantar flexion. This finding may suggest that compared to the control condi-
tion, tape may be more effective than a brace in improving ankle joint propriocep-
tion. When each test condition is considered separately, there appears to be no
difference in the proprioceptive enhancement provided by the brace compared 10
that provided by the athletic tape.

These improvements in proprioception, demonstrated by enhanced joint posi-
tion sense, suggest that the application of either an ankle brace or athletic tape is
sufficient Lo stimulate cutaneous nerve receptors and/or mechanoreceplors in the
muscles, ligaments, and joint capsule of the ankle joint. Stimulation of the cutane-
ous nerve receptors and joint mechanoreceptors may result in earlier and enhanced
muscular contractions, thus protecting and stabilizing the joint (12). The findings of
this study indicate that ankle bracing and/or taping may decrease the severity and
incidence of lateral ankle sprains through this mechanism of neural stimulation.

The enhanced ankle joint position sense observed in this study reflects re-
sults reported in studies of knee joint proprioception (6, 19). Lephart et al. (19)

-reported enhanced knee joint kinesthesia following the application of a neoprene

knee sleeve, while Barrett et al. (4) found improvemeats in joint position sense in
osteoarthritic and total knee arthroplasty patients who wore an elastic bandage.
The enhanced joint position sensibility observed in this study reflects the
effect of the interventions on the afferent neuromuscular pathway. Testing the af-
ferent pathway assesses a subject’s ability o perceive joinl motion and reproduce
joint positions. Stimulating the afferent pathway may improve the efferent neuro-
muscular response, which may increase the speed and quality of muscle reactions.
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The findings of Glick et al. (12) support this assumption. In examining the effects
of ankle taping on the efferent neuromuscular pathway, Glick et al. found that the
tuped unsiabie ankie demonstrated an eariier onset of peroneal muscle hring and a
prolonged peroneal function time during a normal gait cycle compared to the untaped
ankle joint. Karlsson and Andreasson (17) also examined the efferent neuromus-
cular pathway as they compared the effect of tape on the unstable ankle and the
stable ankle. Their results demonstrated an increased reaction time in the unstable
ankle compared to the stable ankle.

Although the present study failed 1o reveal a significant improvement in joint
position sense for the braced ankle in the inversion reproduction test, bracing may
still provide prophylaxis through gains in plantar flexion position awareness. Since
the most common mechanism of lateral ankle sprains involves motions of both
inversion and plantar flexion, the proprioceptive improvements observed in the
present study may increase joint position awareness enough to prevent or lessen the
severity of a lateral ankle sprain. However, since we did nol combine the motions of
plantar flexion and inversion in our test, this suggestion is purely speculative.

Similar to other research studies, this study had limitations that should be
considered when interpreting and applying the results. In this study the afferent
neuromuscular pathway was assessed by measuring joint position sensibility with-
out evaluating joint kinesthesia. Kinesthesia was not assessed because there is cur-

rently no device available for testing ankle joint kinesthesia at the appropriate joint
speed.

Conclusions

The results of this study suggest that ankle bracing improves joint position sense in
the motion of plantar flexion, while ankle taping improves joint position sense in
the motions of plantar flexion and inversion. If ankle injury can be prevented by
stimulating proprioceptive mechanisms of the ankle, it appears that bracing and
taping are both effective methods for preventing injury. Although bracing was shown
to improve joint posilion sense in the plantar flexion motion test, the hypothesis
that this improvement in position sense will provide proprioceptive gains in an
inversion with plantar flexion ankle motion is purely speculative. Our results sug-
gest that ankle joint proprioception, quantified by assessing joint posilion sense, is
enhanced by the wearing of an ankle brace and the application of athletic tape.
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