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Abstract. [Purpose] The purpose of this study was to assess the effect of taping on wrist extensor force reproduction
(FR) and wrist joint position reproduction (JPR) sense in subjects with and without lateral epicondylitis. [Subjects]
Thirty workers in an automobile-parts manufacturing company participated: fifteen workers who had experienced pain
with lateral epicondylitis and fifteen workers who had no history of lateral epicondylitis. [Methods] Taping was applied
on the proximal forearm, starting from the medial, and tracking laterally. This was repeated two or three times.The FR
error and JPR error of both groups (with and without lateral epicondylitis) were measured with and without taping.
[Results] Without taping, the FR and JPR errors of the lateral epicondylitis group were significantly higher than those
of the without lateral epicondylitis group.With taping, the FR error of the lateral epicondylitis group was significantly
decreased from 1.24 kg to 0.49 kg. With taping, the JPR error of the lateral epicondylitis group was significantly
decreased from 3.31 to 2.13 degrees. [Conclusion] The lateral epicondylitis group had significantly higher FR and JPR

errors. Taping significantly improved force reproduction and joint position reproduction error.
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INTRODUCTION

Lateral epicondylitis (LE), commonly known as “tennis
elbow”, is a painful syndrome that occurs in the area of the
lateral epicondyle, from which pain radiates proximally or
distally depending on the severity of the condition'-?). LE is
equally common in both genders and usually develops
between the ages of 30 and 50 years, although it is four
times more frequent in individuals in their 40s. LE affects
3% of the general population, and this increases to 15%
among people performing certain repetitive manual tasks.
LE also substantially affects productivity and 30% of
afflicted workers are absent from work for as long as 12
weeks?.

Subjects with LE experience pain during resisted wrist
extension, finger extension, and forearm supination®. They
also have reduced grip strength and decreased ability to
tolerate loading on the extremity, especially while the elbow
is extended®.The etiology of LE is poorly understood, but
the extensor carpi radialis brevis (ECRB) and its origin are
believed to be involved in its pathogenesis®). Although any
one of the wrist or digit extensors may be involved, the

ECRB is implicated more frequently than any other
muscle”. The ECRB has a relatively small insertion into the
lateral epicondyle, which is a poor biomechanical design for
withstanding high loads”). Morphological changes in the
ECRB may reflect the cumulative effect of mechanical or
metabolic overload, decreasing muscle performance in
subjects with LE®).

Despite its common name, tennis elbow is also an
occupational hazard for subjects other than athletes,
primarily computer users, cooks, bricklayers, and other
occupations that require repeated contraction of the extensor
and supinator>®. LE is the most prevalent work-related
musculoskeletal disorder of the elbow?). The risk factors
include overuse, repetitive movements, training errors,
misalignment, flexibility problems, aging, poor circulation,
muscular weakness or imbalance, and psychological
factors®!9). Previous studies have suggested that LE is
caused by a combination of sustained loading and muscle
fatigue. Sustained loading may increase strain on the injured
soft tissues, promoting muscle fatigue”). A fatigued muscle-
tendon unit is more susceptible to stretch injury, resulting in
a predisposition to LE'D,
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Muscle fatigue and strain affect proprioception!?~14),

Based on the early descriptions by Sherrington and others,
the sense of joint position, kinesthesia (perception of active
and passive motion), and sense of tension or force are
considered submodalities of proprioception!). Joint
position sense is one of the most commonly used measures
of proprioception'®. Determining joint position sense
involves measuring the accuracy of joint-angle replication
in an open or closed chain environment, which can be done
actively or passively!>). It is generally accepted that the
sense of tension or force actually incorporates a centrally
derived sense of effort and a peripherally derived sense of
force. The sense of tension or force is commonly assessed
using force reproduction (FR) and has been used as a
measure of proprioception'?. Assessing FR involves the use
of a reference force, usually determined as a percentage of a
maximal voluntary isometric contraction, and attempting to
replicate that force'”. The muscle spindle and Golgi tendon
organs (GTOs) provide information about changes in
muscle length and tension, respectively!”. The GTOs are
particularly well suited for providing reliable information
on muscle force'®. Joint position sense originates from
peripheral mechanoreceptors located in the skin, muscle,
and surrounding joint structures'? Muscle fatigue and strain
damage the muscle spindle, decrease motor unit output, and
reduce the force-producing capacity of the neuromuscular
system!>!319. Consequently, muscle fatigue surrounding a
joint may inhibit the proprioceptive muscle feedback
system!?. Chronic LE entails decreased proprioception®?.

As LE is thought to be primarily an inflammatory
condition, most interventions focus on relieving pain and
reducing inflammation?. Very acute injury may require
short-term rest and ice”. A wide variety of non-surgical
treatments are available, including ultrasound, non-steroidal
anti-inflammatory drugs, corticosteroid injections, a
forearm brace or orthotics, stretching, eccentric exercise,
and taping®2%-2%. Oral and topical non-steroidal anti-
inflammatory drugs and corticosteroid injection may be
helpful for breaking the pain cycle?>.Smidt compared the
efficacy of physiotherapy and corticosteroid injections and
found that corticosteroid injection was superior to all other
therapies; however, corticosteroid treatment was associated
with a high recurrence rate?®).

Pienimaki compared the long-term outcomes of
progressive exercise and ultrasound, and found that
progressive exercise showed beneficial long-term effects in
terms of pain alleviation and the ability to work?".Svernlov
found that people who participated in strengthening or
stretching programs had a statistically significant increase in
grip strength?®). Forearm braces significantly decrease
muscle activation in the ECRB, but they do not improve
muscle fatigue, pain, and pain-free grip strength?’ =0,

Taping relieves tension at the lateral epicondyle by acting
like a secondary muscle attachment site, supports the
ligament and capsule of unstable joints by limiting
excessive or abnormal anatomical movement, enhances
proprioceptive feedback from the limb or joint, and prevents
injury to the muscle-tendon unit by compressing the area
and limiting movement®3!. In treatment of LE, tape is

wrapped tightly around the forearm so that the patient
cannot contract the wrist extensors fully®). Taping restricts
the movement of the tendon, and reduces stretching during
everyday activities. Among the taping application methods,
the ring taping method is used commonly and is applied
completely around the forearm just below the muscle-
tendon junction’!32),

Although taping improves ankle stability and alleviates
patellofemoral pain syndrome, there are no reports on the
effect of taping on LE or proprioception in LE*3%. Based
on the literature, proprioception appears to decrease
secondary to LE3®). Therefore, we determined the effect of
taping on proprioception in subjects with and without LE.
The FR and joint-position reproduction (JPR) tests were
conducted to evaluate proprioception. The errors in FR and
JPR were calculated to test the accuracy of the subjects’
sense of FR and joint position. Increased FR and JPR errors
reflect a deficit in proprioception sense. We hypothesized
that taping would decrease FR and JPR errors in subjects
with LE.

SUBJECTS AND METHODS

Subjects

Thirty workers were recruited from an automobile-parts
manufacturing company.Fifteen subjects with LE had
experienced pain over the lateral epicondyle for at least 6
weeks before the study, and the pain increased during
palpation, gripping, and resisted wrist or finger extension.
Fifteen age- and sex-matched subjects with no history of LE
served as the without LE group. Subjects were excluded if
they had any other concomitant bony, neurological, or
systemic disease or allergies to adhesive tape, or had
undergone any treatment in the previous 6 months. Before
the study, the principal investigator explained all of the
procedures to the subjects, and all subjects signed an
informed consent form which was approved by the Yonsei
University Wonju Campus Human Studies Committee. The
subject’s characteristics are summarized in Table 1.

Methods

The tape used in this study was non-elastic, 3.8-cm-wide
zinc oxide tape (Neoplast Inc) with adhesive backing and
high tensile strength.The subjects were asked to rest the
elbow in a supported position with the wrist joint extended
to contract the ECRB. The tape was placed on the proximal
forearm, starting medially, and tracking laterally. This was
repeated two or three times¥.

The principal investigator taped all subjects. The tape was
tightened until the subject agreed that it was snug during a
contraction of the wrist extensors, but not impeding blood
flow. The tape was comfortable when the wrist extensor was
relaxed*?.

The target force used to calculate FR error was
determined using the MP100WSW data acquisition system
and a TSD 121C isometric tensiometer (Biopac
Systems).The tensiometer was used to measure the
maximum force and FR error (kg) in the wrist extensors.
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Table 1. General characteristics of the subjects

With LE group (n=15) Without LE group (n=15)
Variables

Mean + SD Range Mean + SD Range
Age (y) 41.9+6.8 27-52 42.0+5.2 35-52
Body mass (kg) 72.0+3.7 168-177 72.1+1.8 168-180
Height (cm) 172.1+2.9 65-78 172.6 £3.5 69-75
Visual Analog Scale 59+09 4-7

Abbreviations: LE, lateral epicondylitis.

The sampling rate was 1,000 Hz and a low-pass filter of 5
Hz was used.The data were digitized using Acgknowledge
software (Biopac Systems). The tensiometer was calibrated
before each set of measurements.

Subjects were asked to sit with the upper limb at 90° of
shoulder flexion, with the elbow fully extended, forearm
pronated, wrist neutral, and the hand grasping a handle
connected to the digital tensiometer. Before testing, the
digital tensiometer was used to measure the maximum
voluntary force (MVF) of the wrist extensor muscles.

Subjects were asked to contract the wrist extensor
isometrically and to maintain the target force, which was
approximately 20% of the MVF, for 1 minute, with visual
feedback via a computer monitor. After a 1 minute rest, the
subject concentrated on the target force with visual feedback
for 3 seconds. The principal investigator began the first
session by instructing the subject: “Slowly contract the wrist
extensor, until I say stop-stop-hold and keep this force in
mind for 3 seconds”. After a 5 second rest, the principal
investigator said: “Now again contract the wrist extensor to
the target force and hold it”. Five seconds later, the principal
investigator said “Now relax the wrist extensor as before”.
The subject was measured in three trials of the FR test.The
FR error (kg) was calculated from the difference between
the target and reproduced forces. This test was performed
under two different test conditions: without and with
taping.The mean value of three trials was used in the data
analysis. The greatest FR error was observed for a target
force of 30% MVF during a pilot test, which was also
associated with pain in subjects with LE*®. To minimize the
effects of pain on FR, we selected a target force of 20%
MVF.

To calculate the JPR error, a three-dimensional ultrasonic
motion analysis system (CMS-HS, Zebris, Medzintechnik,
Germany) was used to measure the wrist joint position
angle. Two triple markers were fastened on the forearm and
the dorsal surface of the metacarpals with a strap. The
measurement sensor, consisting of three microphones facing
the three markers, recorded the ultrasound signal. The
measured angles were normalized to 0° relative to the
starting or neutral position. The sampling rate was 20Hz.
The collected kinematic data were analyzed using Win-Data
software (CMS-HS, Zebris, Medzintechnik, Germany).

The position of the subject’s arm was identical to that in
FR testing, except that the wrist and finger joints were in a
neutral position. A relative reference position of 0° was
defined by the parallel line extending from the forearm to
the fifth metacarpal. Using this reference position, all

positive values indicate wrist extension and negative values
denote wrist flexion.

Subjects were requested to extend the wrist joint and
maintain the wrist position under visual feedback via a
computer monitor. Target angles of 20°, 25°, and 30° wrist
extension were randomly given. The principal investigator
began the first session by instructing the subject,“Slowly
extend your wrist, until I say stop-stop-hold, and keep this
position in mind for 3 seconds”. After a 3 second rest, the
principal investigator said, “Now return your wrist to the
original resting position and keep it there”. After 5 second
rest in the neutral position, the subject was instructed,
“Return to the same position as before and keep that position
for 5 seconds”. The JPR error was calculated from the mean
absolute difference between the target and reproduced
angles, neglecting the direction of the error, i.e., whether it
was undershoot or overshoot. Three trials were performed
for each target angle (20°, 25°, and 30°), for a total of nine
trials. The mean value of the nine trials was used in the data
analysis. This test was performed two different test
conditions: without and with taping. Subjects were
permitted a 10-minute rest between test conditions, and the
test order was randomized to minimize learning and carry-
over effects.

The independent t-test was used to compare the FR and
JPR errors with respect to groups with and without taping.
The paired t-test was used to compare the FR and JPR errors
with respect to taping in both groups. The level of statistical
significance was chosen as p<0.05.

RESULTS

Without taping, significant differences were found
between the FRand JPR errors in the LE and without LE
groups (p<0.01). By contrast, with taping, the differences
between the FR and JPR errors in the LE and without LE
groups were not significant (p=0.55, 0.61) (Tables 2, 3).

Tables 4 and 5 compare the FR and JPR error in the LE
and without LE groups with and without taping,
respectively. The only significant differences were in the LE
group (p<0.01).

DISCUSSION

Our results demonstrate that without taping, the wrist
extensor FR and JPR errors were significantly increased in
the LE group compared with the without LE group. Based
on these results, the LE group appears to have had decreased
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Table 2. Comparison of FR error by group

Group FR error (kg) Mean + SD Mean Difference (95% CI)
. . LE group 1.24 +£0.48
Without taping Without LE group 048+ 031 0.76 (0.45-1.06)
. . LE group 0.49 +0.32
With taping Without LE group 0.43+021 0.06 (-0.14-0.26)

Abbreviations: CI, confidence interval; LE, lateral epicondylitis; FR, force reproduction.

Table 3. Comparison of JPR error by group

Group JPR error (°) Mean = SD Mean Difference (95% CI)
. . LE group 331+1.24
Without taping Without LE group 1874111 1.43 (0.55-2.32)
. . LE group 2.13£0.86
With taping Without LE group 195+ 1.11 0.18 (-0.56-0.92)

Abbreviations: JPR, joint position reproduction; LE, lateral epicondylitis.

Table 4. Comparison of FR error by taping

Group Taping FR error (kg) Mean = SD Mean Difference (95% CI)
Without tapin 1.24+0.48

LE group With taping 0.49 £ 0.32 0.74 (0.41-1.07)

Without LE group %Eﬁ‘;ﬁ;ﬁgmg 8'22 : 8'31 0.04 (~0.07-0.16)

Abbreviations: LE, lateral epicondylitis; FR, force reproduction.

Table 5. Comparison of JPR error by taping

Group Taping JPR error (°) Mean + SD Mean Difference (95% CI)
Without tapin, 331+1.24
LE group With taping ¢ 213+ 086 1.17(0.30-2.03)
. Without taping 1.87+£1.11
Without LE group With taping 195+ 1.11 —0.08 (-0.52-0.35)

Abbreviations: CI, confidence interval; JPR, joint position reproduction; LE, lateral epicondylitis.

proprioception, which may be explained in the following
ways.

First, the LE was caused by ECRB muscle strain”).
Laboratory studies have shown that muscle strain injuries
result in the disruption of muscle fibers near the muscle-
tendon junction®”. When the muscle fibers are damaged,
spindle discharge levels fall significantly'?. If the muscle
strain also damaged the tendon, the function of the GTOs
decreases. Consequently, muscle strain results in deficits in
force and joint position sense.

Second, pain may have affected force perception'¥. The
perception of force is mediated primarily by signals related
to central motor command or by sensations originating in
peripheral receptors'®). Mechanical and physiological
reactions of pain might cause damage to muscle tissue.
Consequently, pain sensors in the muscles may become
hypersensitive®”. Studies of LE have shown that chronic
pain in the neck/shoulder, elbow/forearm, and hand are

accompanied by reduced proprioception®®.

Third, the ECRB shows morphological changes in
patients with LE. Insufficient blood supply may lead to
decreased contractile properties and increased vulnerability
to high muscular tension®. In addition, the elbow ligament
and connective tissues in chronic LE undergo degenerative
changes at the common origin of the extensor tendons>®).

Fourth, LE has been described as a muscle-tendon disease
of the wrist extensor due to physical overuse. Physical
overuse may involve muscle fatigue, which has been shown
to affect proprioception®®. Muscle fatigue increases the
sensitivity of the muscle spindle, resulting in less efficient
intra- and inter-muscular coordination and poorer
proprioception®®.

The reduction in proprioceptive function may be the
result of receiving feedback from incorrect body
information, dyscontrol in exact body movements, and the
addition of greater stress to the muscle and joint. Reduced



proprioception alters the gait and induces inappropriate joint
loading, which may lead to progressive joint
degeneration®). Consequently, patients with LE may stress
the structures surrounding the wrist joint, which may lead to
wrist joint degeneration.

Taping significantly decreased the wrist extensor FR
error in the LE group (p<0.01), lowering the mean FR error
from 1.24 to 0.49 kg, whereas it decreased the mean FR
error from 0.48 to 0.43 kg in the without LE group. Our
results suggest that taping has much greater effect on the FR
error in the LE group. The force produced by muscle
contraction is perceived via the integration of signals
derived from central motor commands and afferent inputs
from muscle sensors, and joint and skin mechanosensors.
The GTOs are thought to be a primary source of such
feedback*?. The mechanism underlying the reduction in the
FR error after taping is unknown. However, McConnell*!
recommended taping as a therapy to alleviate pain, improve
muscle function, and restore functional movement patterns.
Recent research demonstrated that the facilitation of
proprioceptive cutaneous input via taping helped to improve
reaction speed and position awareness*?). Therefore, we
postulate that taping reduced tension stress in the ECRB and
increased cutaneous sense feedback, resulting in a
significant decrease in FR error.

In this study, taping had a significant effect on the JPR
error. In the LE group, the mean JPR error was 3.31° before
taping and 2.13° after taping compared with 1.87° before
and 1.95° after taping in the without LE group. The
improvement in wrist joint position sense was due to
augmented afferent input via enhanced cutaneous
simulation from taping in the LE group. In the without LE
group, taping disrupted the joint position sense. Previous
studies showed that patellar taping improved the joint
position test results in subjects whose prior results were
incorrect by >5°. In contrast, subjects who had a high degree
of accuracy (<5° incorrect) did not benefit from taping*.
Other studies have shown a 66% improvement in subjects
with poor position sense after applying elastic bandages to
the joint; however, the same treatment had no effect on
subjects with good position sense*¥). Taping may enhance
feedback information from the muscle spindles, soft tissue,
and skin in subjects with LE??). In contrast, the taping
enhanced afferent stimulation may confuse individuals who
have inherently good position sense**). The clinical
implications of these findings are that poor force sense and
joint position sense status can be enhanced by a simple
taping technique.

Our study had some limitations. First, taking repeated
measures from a single arm makes it difficult to prevent
learning and carry-over effects completely. Second, no
consensus has been reached concerning the optimum
tension for taping this type of injury.

Further studies are required to determine the mechanism
underlying the beneficial effects of taping in subjects with
LE and to test the long-term effect of taping on
proprioception, pain, and dysfunction of the elbow joint in
subjects with LE.
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