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Immediate Effects of 2 Types of Braces
on Pain and Grip Strength in People
With Lateral Epicondylalgia:

A Randomized Controlled Trial

© STUDY DESIGN: Repeated-measures, cross-
over, double-blinded randomized controlled trial.

© OBJECTIVES: To compare the immediate
effectiveness of 2 types of counterforce braces in
improving pain-free grip strength, pressure pain
threshold, and wrist angle during a gripping task in
individuals with lateral epicondylalgia.

© BACKGROUND: Sports medicine management
of lateral epicondylalgia often includes application
of a counterforce brace, but the comparative ef-
fectiveness of different braces is unclear. The most
common brace design consists of a single strap
wrapped around the proximal forearm. A variation
of this brace is the use of an additional strap that
wraps above the elbow, which aims to provide
further unloading to the injured tissue.

© METHODS: Pain-free grip strength, pressure
pain threshold, and wrist angle during a gripping
task were measured on 34 participants with a
clinical diagnosis of lateral epicondylalgia (mean
+ SD age, 47.8 = 8.5 years). Measurements were
made without a brace, as well as immediately
before and after the application of 2 types of
counterforce braces. Each condition was tested
during a separate session, with a minimum of
48 hours between sessions. Analysis-of-variance
models were used to test the differences within
and between conditions.

© RESULTS: Pain-free grip strength (17.2 N; 95%
confidence interval: 7.5, 26.8) and pressure pain
threshold (42.2 kPa; 95% confidence interval: 16.5,
68.0) significantly improved on the affected side
immediately following the intervention conditions
as well as the control condition. There was no
significant difference between braces or the control
condition for any outcome.

© CONCLUSION: Both types of counterforce
braces had an immediate positive effect in
participants with lateral epicondylalgia, without
differences between interventions and similar to

a no-brace control condition. Therefore, while the
use of a brace may be helpful in managing imme-
diate symptoms related to lateral epicondylalgia,
the choice of which brace to use may be more a
function of patient preference, comfort, and cost.
Further research is required to investigate the com-
parative longer-term and clinical effects of the 2
braces. Trial registration: ACTRN12609000354280
(www.anzctr.org.au).

© LEVEL OF EVIDENCE: Therapy, level 2b.
J Orthop Sports Phys Ther 2014,44(2):120-128.
Epub 9 January 2014. doi:10.2519/jospt.2014.4744
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ateral epicondylalgia, collo-
quially known as “tennis
elbow;” is prevalent in
0.8% to 8% of the general
population,?>9+3 15% of those in
occupations requiring repetitive

hand tasks,***° and 50% of tennis play-
ers.! Pain experienced over the lateral el-
bow during gripping can negatively affect
daily and work tasks.®?°** Lateral epicon-
dylalgia commonly involves the extensor
carpi radialis brevis and common wrist
extensor tendons at their proximal inser-
tion, and more often affects the dominant
side in those 35 to 55 years of age.!>16:3
Clinical features of lateral epicondylalgia
include decreased pain-free grip strength
(PFG),” hyperalgesia on palpation over
the lateral epicondyle,?**” as well as neu-
romuscular deficits, such as slower up-
per-limb reaction time® and altered wrist
posture with gripping.”

Sports medicine management of
lateral epicondylalgia often involves a
combination of taping, bracing, manual
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therapy, and exercises.**¢ Clinically, brac-
ing has been used to reduce pain severity
and to assist early introduction of pain-
free exercise into the plan of care. Most
commonly prescribed is a counterforce
brace, which consists of a single strap
that wraps around the proximal forearm
just distal to the elbow. It is thought that
the counterforce brace applies compres-
sion over the common extensor muscle
mass to disperse stresses generated by
muscle contraction,*®*® thereby reduc-
ing painful inhibition and allowing the
patient to contract more forcefully. Fur-
thermore, the contact of the brace with
the skin and underlying tissue may fa-
cilitate muscle contraction through sen-
sory stimulation and/or pressure to the
muscle itself.*!

Also commercially available is a coun-
terforce brace consisting of a forearm
strap similar to that of the more stan-
dard counterforce brace but with an ad-
ditional strap that wraps above the elbow.
The purpose of this extra strap is to pro-
vide additional deloading to the lateral
epicondyle by compressing and lifting
the proximal aspect of the wrist exten-
sors near their attachment on the lateral
epicondyle. However, although the ef-
ficacy of counterforce braces consisting
of a strap wrapped around the forearm
has been evaluated in previous studies,
with evidence of variable effectiveness,?®
a brace consisting of an additional strap
wrapping above the elbow has yet to be
assessed for its ability to relieve symp-
toms or improve function. The primary
aim of this study was to compare the im-
mediate effectiveness of 2 types of coun-
terforce brace, 1 with and 1 without an
elbow strap, in relieving pain and im-
proving function in people with lateral
epicondylalgia.

METHODS

Study Design
REPEATED-MEASURES, CROSSOVER,
double-blinded randomized con-
trolled trial was used, which con-
formed to CONSORT guidelines.?

Ethical approval was granted by the
Griffith University Human Research Eth-
ics Committee. All participants provided
written informed consent prior to entry
into the study.

Participants
Participants aged 18 to 67 years, with a
clinical diagnosis of lateral epicondylal-
gia, were recruited from the community
of the Gold Coast region of Queensland,
Australia between June 2009 and May
2010. Volunteers responded to advertise-
ments in print media, as well as notices
in university staff and student newslet-
ters. An experienced physiotherapist
performed all screening assessments to
determine eligibility, using clinical pre-
sentation criteria consistent with previ-
ous studies.*" Clinical diagnostic criteria
for lateral epicondylalgia are considered
the gold standard, as the correlation of
imaging with symptoms is variable in lat-
eral epicondylalgia.!?212846

Volunteers were eligible for inclusion
if they had pain over the lateral elbow
for a minimum of 6 weeks that increased
with palpation of the lateral epicondyle,
gripping, or resisted extension of the
wrist or the second or third finger.”* Ex-
clusion criteria included bilateral elbow
symptoms; cervical radiculopathy; any
other elbow joint pathology or peripheral
nerve involvement; past history of elbow
surgery, dislocation, fracture, or tendon
rupture; shoulder, wrist, or hand pathol-
ogy; systemic or neurological disorders;
treatment for elbow pain by a health
care practitioner within the preceding 3
months; and corticosteroid injection for
elbow pain within the previous 6 months.
In light of the lack of firm diagnostic ac-
curacy in excluding cervical spine or neu-
ral factors as the primary source of elbow
pain, we took a clinical-reasoning ap-
proach based on the participant history
(negative likelihood ratio [-LR] range,
0.5-1.1), neurological exam (-LR range,
0.12-1.16), upper-limb neural provoca-
tion test (-LR = 0.85), and cervical ro-
tation range of movement (-LR range,
0.23-0.27).%2

Sample Size

Based on estimates of between-group dif-
ferences from a previous study of similar
design,* to detect significant mean + SD
differences of 33 *= 60 kPa in pressure
pain threshold (PPT) and 27 *+ 44 N in
PFG, at 90% power (a = .05), a sample
size of 35 was required. This sample size
would also provide 90% power (a = .05)
with an effect size of 0.2 and 0.8 correla-
tion among repeated measures (G*Power
Version 3.1.3; Heinrich-Heine Univer-
sity, Diisseldorf, Germany). The sample
size was not adjusted to account for
dropouts, based on there being no loss to
follow-up in previous studies of similar
design.26:40

Outcome Measures

Outcome measures were taken by a
blinded assessor skilled in their appli-
cation and were performed on both the
affected and unaffected sides preinter-
vention and postintervention. The prima-
ry outcome was PFG, measured using a
digital analyzer grip dynamometer (MIE
Medical Research Ltd, Leeds, UK). Par-
ticipants were positioned in sitting, with
their test arm at 90° of shoulder flexion,
elbow fully extended, and wrist pronat-
ed. A gutter splint was positioned under
the elbow to allow the wrist and hand
to adopt a spontaneous posture during
the gripping task. Participants were in-
structed to squeeze the dynamometer,
slowly increasing the force until the first
onset of pain.”” The assessor manually
recorded the maximum force output dis-
played on the screen. This was repeated 3
times, with an intervening 30-second rest
interval, and the average of 3 measures
was calculated. PFG measurements have
previously been shown to be reliable (in-
tratester intraclass correlation coefficient
[ICC] = 0.96; 95% confidence interval
[CI]: 0.92, 0.98) in individuals with lat-
eral epicondylalgia.’

In light of preliminary evidence
suggesting that wrist posture during a
gripping task may be altered in people
with lateral epicondylalgia,” we chose to
include sagittal plane wrist angle dur-
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ing PFG as a secondary outcome. A 3-D
motion-tracking sensor (MTi; Xsens
Technologies BV, Enschede, the Nether-
lands) was placed on the dorsal aspect of
the hand and secured with Velcro (Vel-
cro USA Inc, Manchester, NH). Neutral
wrist flexion/extension was identified
as 0° by the software, with the palmar
aspect of the hand and pronated fore-
arm placed flat on a table and the soft-
ware calibrated prior to data collection.
Wrist-angle data during each PFG test
were recorded using LabVIEW software
(Version 8.5; National Instruments Cor-
poration, Austin, TX) and exported into
Microsoft Excel (Microsoft Corpora-
tion, Redmond, WA) for processing. The
mean angle for wrist flexion/extension
across the 3 gripping efforts was cal-
culated, with positive scores indicating
wrist extension.

Pressure algometry was also used as
a secondary outcome to measure PPT.
PPT measurements have good intratest-
er reliability in individuals with lateral
epicondylalgia, with an ICC of 0.76 (95%
CI: 0.56, 0.89) on the affected side.”> The
most sensitive point over the lateral hu-
meral epicondyle was located by manual
palpation and marked with a permanent
marker, to ensure that the same site was
used for preintervention and postinter-
vention measures. Pressure was applied
at a consistent rate (40 kPa/s) over the
lateral epicondyle via a pressure algom-
eter (1-cm? tip, load cell, switch, data-
acquisition card, and LabVIEW Version
8.5 software). The participant was in-
structed to activate a switch when the
sensation of pressure first changed to one
of pressure and pain. The corresponding
pressure value (kPa/cm?) was saved in
LabVIEW. Three repeat measures were
taken, with a 30-second rest between
each measurement, and the average was
calculated.

In addition, clinical characteristics
were recorded at baseline, including a
condition-specific validated self-report
questionnaire of pain and disability (Pa-
tient-Rated Tennis Elbow Evaluation,
with a score ranging from 0 to 100, O in-
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FIGURE 1. Forearm brace.

dicating no pain or disability and 100 the
worst imaginable pain and disability),>*2
severity of current resting pain and worst
pain over the preceding week using a
100-mm visual analog scale, and average
level of function over the preceding week
using a 100-mm visual analog scale.

Intervention Conditions

All intervention conditions were applied
to the affected elbow by an experienced
physiotherapist. A commercially avail-
able counterforce brace (Thermoskin
tennis elbow strap with pad; United Pa-
cific Industries Pty Ltd, Kilsyth, Austra-
lia) was used, which consisted of a strap
applied circumferentially around the
proximal forearm, just distal to the later-
al epicondyle (forearm-brace condition)
(FIGURE 1). This brace was compared to
another commerecially available counter-
force brace (Go-Strap; Sportstek Physi-
cal Therapy Supplies Pty Ltd, Oakleigh,
Australia), consisting of a similar strap
applied around the proximal forearm but
with an additional strap that passed from
the lateral aspect of the brace, anterior
to the lateral epicondyle, and around
the posterior and medial aspects of the
distal humerus, then attached back onto
the counterforce brace laterally (fore-
arm-elbow-brace condition) (FIGURE 2).

j %
FIGURE 2. Forearm-elbow brace, consisting of a
standard counterforce brace with the additional strap
wrapping above the elbow.

Both braces were applied according to
the manufacturer’s recommendations to
ensure correct fitting. The physiothera-
pist applied sufficient tension to ensure
that the brace felt supportive when per-
forming light gripping, but was com-
fortable. For the no-brace condition, the
participant was positioned for the same
length of time in the laboratory with the
treating physiotherapist, with no brace
applied.

Procedure
Participants attended 3 testing sessions
in a university laboratory, with at least 48
hours between each session to minimize
the carryover effects between interven-
tions. During the testing period, partici-
pants were requested to avoid factors that
may influence their elbow pain, such as
analgesics and anti-inflammatory medi-
cation. Each session commenced with a
blinded assessor performing outcome
measures on both the affected and unaf-
fected sides in a randomized order. This
assessor remained blind to treatment al-
location throughout the study period.
An experienced physiotherapist, who
was blinded to all outcome measures,
applied 1 of 3 intervention conditions
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« History of surgery,n =5

- Bilateral elbow pain, n = 10

« Neurological/systemic disease, n = 5
* Not tennis elbow, n =16
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FIGURE 3. Flow of participants through the study.

in randomized order: forearm brace,
forearm-elbow brace, no brace. The
computer-generated randomization se-
quence, created by an investigator who
was not involved with either treatment
or outcome assessment, was delivered
via sealed, opaque envelopes, which were

held by the treating therapist and opened
in consecutive order.

Participant blinding was facilitated
by visually obstructing the participant’s
view while each intervention was applied,
and by not disclosing the purpose of each
brace. Following application of each con-

dition, opaque fabric was draped over
the arm and forearm, covering the brace
straps and leaving only the lateral epi-
condyle visible for measure of PPT. This
ensured maintenance of assessor and
participant blinding. The blinded asses-
sor then repeated the PFG, wrist angle,
and PPT measures with the test condition
in situ. Due to the location of the braces,
PPT was applied above the forearm brace
and between the top and bottom straps
of the forearm-elbow brace. The arm
was also covered and measures taken
immediately following the control condi-
tion. At the conclusion of each test ses-
sion, assessor blinding was examined via
a questionnaire. Participants were also
questioned at the conclusion of the study
regarding their condition preference.

Statistical Analysis

Statistical analyses were performed on an
intention-to-treat basis using SPSS soft-
ware (Version 19.0; SPSS Inc, Chicago,
IL), with an alpha set at P<.05. ICC,,
and the standard error of measurement
(standard deviation x V1 - ICC) were
calculated from the 3 trials to determine
intratester within-session reliability and
magnitude of measurement error, respec-
tively, for each dependent variable (PFG,
wrist angle, PPT) at baseline. In addi-
tion, we calculated the minimal detect-
able change (1.96 x V2 x standard error of
measurement) to ensure with 95% confi-
dence that the true value of the measure
was contained within this range.?

To assess the similarity between pre-
condition measures collected at the be-
ginning of each of the 3 testing sessions,
a 2-way, repeated-measures analysis of
variance was used, with side (affected,
unaffected) and condition (forearm
brace, forearm-elbow brace, control) in-
cluded as independent variables for each
outcome (PFG, wrist angle, PPT). Given
that the condition was only applied to the
affected elbow, each side was analyzed
separately to determine the effect of the
condition over time, using repeated-mea-
sures general linear models, with time
(preintervention, postintervention) and
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TABLE 1 BASELINE PARTICIPANT CHARACTERISTICS (N = 34)*
Participant Characteristics Values MDC,,
Male, n (%) 18(529)

Age,y 478 + 85 (28-67)
Employment status, n (%)
Manual labor 7(20.6)
Nonmanual labor 25(73.5)
Not employed 2(59)
Right side dominant, n (%) 31(91.2)
Dominant side affected, n (%) 28 (82.4)
Duration of condition, wk 64.6 = 1374 (6-570)
Recurrent condition, n (%) 9(26.5)
PRTEE! 387 =150 (11-69)
Average function in the past wk* 76.0 = 22,5 (5-100)
Worst pain in past week?* 578 + 21.1(19-100)
Resting pain* 16.0 + 14,6 (0-60)
Affected side
Pain-free grip, N 1177 = 697 (23.3-250.3) 40.1
Pressure pain threshold, kPa 403.1 = 146.3 (147.4-816.7) 1343
Wrist angle during gripping, deg 296 +89(9.3-494) 6.3
Unaffected side
Pain-free grip, N 288.6 = 94.5 (125-565.7) 40.8
Pressure pain threshold, kPa 7201 + 1957 (263.8-11789) 2149
Wrist angle during gripping, deg 345 =89 (12.3-54.4) 52
Abbreviations: MDC,, minimal detectable change at 95% confidence; PRTEE, Patient-Rated Tennis
Elbow Evaluation.
*Values are mean * SD (range) unless otherwise indicated.
0 to 100 points, where 100 is maximal disability.
*100-mm visual analog scale, where 0 is no pain/disability and 100 is worst pain/disability.

condition as independent variables. Post
hoc testing using paired ¢ tests (P<.05)
was conducted if the omnibus analyses
reported significant interaction or main
effects. In the presence of significant in-
teraction or main effects, the between-
and/or within-condition effect size was
expressed as Cohen d, with less than 0.5
considered a small effect, between 0.5
and 0.8 a moderate effect, and greater
than 0.8 a large effect.’®

RESULTS

IXTY-ONE VOLUNTEERS WERE PHYSI-
cally screened for inclusion, with 34
participants enrolled in the study
(FIGURE 3). All participants received the
conditions as per the randomization
schedule, and there were no losses to

follow-up. Participant demographics,
baseline outcome measures, and mea-
surement error (MDC) are reported in
TABLE 1. To be confident that any change
in PFG and PPT on the affected side was
real and not related to measurement er-
ror, we calculated that a change greater
than 40 N for PFG, 135 kPa for PPT, and
6.3° for wrist angle would be required.

Reliability

Intratester reliability for PFG (ICC =
0.945; 95% CI: 0.902, 0.971), PPT
(ICC = 0.935; 95% CI: 0.884, 0.966),
and wrist angle (ICC = 0.935; 95% CI:
0.884, 0.966) on the affected side was
excellent,?” as was reliability on the un-
affected side (PFG, ICC = 0.975; PPT,
ICC = 0.901; and wrist angle, ICC =
0.956).

Precondition

There was no significant interaction
(condition by side) or main effect of con-
dition for any precondition outcome, in-
dicating no difference between measures
taken at the beginning of each testing ses-
sion for either the affected or unaffected
side. This confirms that the time between
appointments was sufficient to have a
washout effect and restore baseline lev-
els between conditions (TABLE 2). There
was, however, a significant difference be-
tween affected and unaffected sides for all
outcomes. Compared with the unaffected
side, the affected side produced 170.9 N
lower PFG (95% CI: 142.7,199.0 N), 317
kPa lower PPT (95% CI: 247.8, 386.3
kPa), and 5.0° less wrist extension (95%
CI: 2.0°, 8.0°).

Conditions

There were no adverse events reported
by participants during the study. There
was no significant condition-by-time
interaction on the affected side for PFG
(P =.07), PPT (P = .48), or wrist angle
(P = .2). There was a significant main
effect for time (P = .001) but not condi-
tion (P = .1) for PFG on the affected side.
At post hoc testing, the affected side
demonstrated a small improvement of
17.2 N in PFG (effect size, 0.2; 95% CI:
7.5, 26.8 N), regardless of the interven-
tion condition. There was no significant
change in PFG on the unaffected side,
either over time or between conditions
(TABLE 2).

Consistent with PFG, PPT also dem-
onstrated a significant main effect for
time (P = .002) but not condition (P =
.9) on the affected side, with a mean im-
provement of 42.2 kPa (effect size, 0.2;
95% CI: 16.5, 68.0 kPa) from precondi-
tion to postcondition. The unaffected
side remained unchanged between con-
ditions (P = .4); however, the change
over time approached significance
(mean difference from precondition to
postcondition, 29 kPa; 95% CI: -1.2,
59.6 kPa; P = .06).

The only significant difference in wrist
angle was precondition to postcondition
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PREINTERVENTION AND POSTINTERVENTION AND WITHIN- AND BETWEEN-
TABLE 2
INTERVENTION SCORES FOR AFFECTED AND UNAFFECTED SIDES FOR EAcH OUTCOME*
Forearm-Elbow - Forearm-Elbow -
Control Forearm-Elbow Forearm Forearm Control Forearm - Control
Affected side
PFG, N
Preintervention 110.0 = 66.7 112.8 =707 130.1 + 1036
Postintervention 1174 = 615 1350 =828 1520 + 114.1
Mean differencet 73(-15,16.0) 22.2(84,36.0) 219 (91,34.6) 04(-157,16.4) 15.0(06,29.3) 146(0.0,292)
Wrist angle during PFG, deg
Preintervention 300 =64 28988 289 +10.1
Postintervention 294 =74 283+82 306 =92
Mean differencef -12(-36,13) -07(-30,17) 15(-0.8,38) 2.2 (-5.2,09) 05(-3.0,4.0) 26(-0.3,5.5)
PPT, kPa
Preintervention 4082 +176.8 403.3 = 164.8 3978 = 1847
Postintervention 4227 + 1882 4435 + 1576 4650 + 221.3
Mean difference’ 14.5(-370, 66.0) 402 (4.4,847) 672(267,1078)  -270(-770,229) 257 (-497,10L.1) 527 (-137,119.)
Unaffected side
PFG, N
Preintervention 2918 =925 2874 +96.5 286.4 =995
Postintervention 2876 +102.3 2907 + 94.2 2875 = 95.8
Mean difference’ -45(-136,4.5) 3.3(-4.8,11.5) 1.0 (-11.4,134) 2.3(-92,137) 78(-20.2,4.5) 56(-9.3,204)
Wrist angle during PFG, deg
Preintervention 36.0 =89 335=93 347 +88
Postintervention 371+92 367 =80 36384
Mean differencef 11(-10,31) 29(05,5.3) 16 (-07,3.8) 11(-21,4.3) 18(-14,5.1) 01(-34,37)
PPT, kPa
Preintervention 7174 + 236.2 707.3 = 2176 7356 + 2291
Postintervention 712.5 + 2445 6519 + 2084 708.3 + 2586
Mean differencef -49 (-58.6, 43.8) -55.4(-92.6,-18.2) -273(-76.6,219)  -281(-8L1, 25.0) -50.5 (-1137,12.8) -22.4(-92.8,483.0)
Abbreviations: PFG, pain-free grip; PPT, pressure pain threshold.
*Values are mean + SD unless otherwise indicated.
Values in parentheses are 95% confidence interval.

on the unaffected side (P = .004:); how-
ever, the difference was small (1.7°; 95%
CI: 0.6°, 2.7°) and not meaningful, based
on the MDC of 5.2° (TABLE 1).

Blinding

The assessor guessed the correct interven-
tion condition on 39 of 102 (38%) occa-
sions. Specifically, the assessor correctly
guessed the use of the forearm-elbow brace
on 14: (41%) occasions, the use of the fore-
arm brace on 15 (44%) occasions, and
the control condition on 10 (30%) occa-
sions. At the end of the study, 21 (62%), 11
(82%), and 2 (6%) participants reported
a preference for the forearm-elbow-brace,

forearm-brace, and control (no-brace)
conditions, respectively.

DISCUSSION

HIS STUDY SHOWED THAT THERE
Twas a small but statistically sig-

nificant immediate improvement
in PFG strength and PPT preinterven-
tion to postintervention on the affected
side, but this improvement did not dis-
criminate between the brace and control
conditions. Regardless of the bracing in-
tervention, minimum improvements of
17.2 N in PFG and 42.2 kPa in PPT were
achieved on the affected side. However,

the improvements in PFG and PPT re-
ported in this study are smaller than the
MDCs, and may therefore be due to mea-
surement error rather than a true clini-
cal change. Furthermore, the change in
PPT on the unaffected side approached
statistical significance (P = .06), which
may reflect a lack of statistical power (ie,
insufficient sample size). We should note
that this study only measured immediate
effects, and it may be that a larger change
in outcomes on the affected side occurs
with increased time spent in the brace.
Our findings are somewhat consistent
with a number of other studies that have
investigated the effect of bracing on grip
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and pain in lateral epicondylalgia. These
studies, with various degrees of rigor,’
have assessed the effectiveness of a va-
riety of elbow braces against other cur-
rently accepted treatments or placebo/
control. Overall, despite variations in
study designs, timing of outcomes, type
of brace, and comparator groups,® most
studies have shown that elbow or fore-
arm braces improve pain and function in
people with lateral epicondylalgia.!>1#32
Although the results of our study found
an improvement between prebracing
and postbracing measures, overall, the
brace conditions were no more effective
than the control at improving immediate
outcomes. As such, it appears that the ad-
ditional strap on the forearm-elbow brace
does not improve the efficacy of the exist-
ing forearm brace to immediately relieve
pain or improve function.

It is hypothesized that the mecha-
nism by which the forearm brace exerts
its clinical efficacy is by decreasing the
muscle and tendon forces acting at the
lateral epicondyle, thereby offloading the
site of pain. There is some evidence to
support this theory. Studies have shown a
46% decrease in acceleration amplitudes
at the lateral epicondyle with the use of
a forearm brace with a silicon pad,* de-
creased electromyographic activity in the
wrist extensors with both the standard
and air-pillow forearm braces,** and
decreased strain at the origin of the ex-
tensor carpi radialis brevis muscle when
a forearm brace was applied.??® If this
mechanism of action is accepted, then
by association with our outcomes, the
additional strap located on the forearm-
elbow brace does not appear to enhance
this muscle-tendon deloading.

In contrast, the effect of bracing on
neuromuscular performance in lateral
epicondylalgia is less convincing. The
current study found that neither brace
significantly influenced the angle of wrist
extension spontaneously adopted during
the pain-free gripping task. In fact, a
previous study® found that bracing may
adversely affect wrist joint position error
but may have no effect on stretch latency

| RESEARCH REPORT |

of the extensor carpi ulnaris. Interest-
ingly, we did identify a significant differ-
ence in wrist angle between sides, with
the affected side gripping with approxi-
mately 5° less wrist extension than the
unaffected side. This has implications for
the performance of everyday activities, as
gripping with a flexed wrist posture has
been shown to be inefficient in producing
maximum grip force in normal popula-
tions.”?*> As our lateral epicondylalgia
cohort did still grip with some degree
of wrist extension, further research is
required to investigate the contribution
of wrist posture to muscle activity and
the relationship between wrist angle and
other symptoms in people with lateral
epicondylalgia. However, these findings
may help to explain some of the symp-
toms experienced by those with lateral
epicondylalgia, such as weakness during
gripping tasks.

To our knowledge, this is the first
study to identify side-to-side differences
in wrist extension angle during gripping
in individuals with unilateral lateral epi-
condylalgia. A previous paper’ found that
those with lateral epicondylalgia gripped
with 11° less wrist extension than an age-
and gender-matched healthy control
cohort; however, the authors found no
difference between sides within groups.
This difference in results between studies
might be due to the equipment used. The
previous study’ used digital photographs
and computer software to measure wrist
extension angle, whereas the present
study used a 3-D motion-tracking sen-
sor. It is possible that the level of error
in the photographic technique was higher
than the error using the motion sensor.
Limits of agreement using the digital-
image technique compared to a univer-
sal goniometer have been reported at
-1.9° to 1.8° for knee flexion,*' whereas
the manufacturers of the MTi device
(Xsens Technologies BV) report a static
accuracy of less than 0.5°. Therefore, it
is plausible that the lower measurement
error associated with the motion sensor
allowed identification of side differences
within our lateral epicondylalgia popula-

tion that previously went unseen.

While this is the first study, to our
knowledge, to evaluate the immediate
effects of the forearm-elbow brace com-
pared to the forearm brace in lateral epi-
condylalgia, there are limitations that
must be acknowledged. The physiothera-
pist applied the braces in a manner reflec-
tive of clinical practice, ensuring that the
brace felt supportive but comfortable. Al-
though the physiotherapist attempted to
apply the braces with consistent tension
on the straps, it is possible that the level
of tension varied between applications, as
this was not quantified. However, consid-
ering that brace tension does not appear
to influence wrist extension strength,>
it is unlikely to have influenced the PFG
measures. Though the use of analgesic
and anti-inflammatory medication was
not controlled in this study, it is unlikely
to have improved the results, as analge-
sia would minimize the change between
baseline and postcondition measures,
providing a more conservative estimate
of effect. Furthermore, we attempted to
blind participants (and the assessor) to
the type of brace by not revealing the dif-
ference between the 2 braces, by applying
ablindfold while the braces were applied,
and by draping the limb that covered the
arm, except for a small area through
which the PPT measures could be taken.
It appears that the assessor blinding was
not completely successful, as the asses-
sor correctly guessed the intervention on
more occasions than would be expected
by chance alone. Approximately 60% of
participants preferred the forearm-elbow
brace, suggesting that, while these results
do not support the use of one brace over
another, participants’ choice of brace may
be based on features other than random
selection. Furthermore, while patients
typically wear an elbow brace to improve
pain-free function, the impact of the test
braces on general upper-limb function
was not assessed in this study. Finally,
this study only evaluated the immedi-
ate effects of the forearm braces, with
no longer-term follow-up. This should
be addressed in future studies of brace
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effectiveness. Nevertheless, considering
that the application of a forearm brace is
expected to have an immediate effect on
symptoms and is rarely applied in isola-
tion in the clinical setting, the evaluation
of the braces’ immediate effects was be-
lieved to be most clinically relevant as an
initial stage in comparing effectiveness.

CONCLUSION

TATISTICALLY SIGNIFICANT IMMEDI-

ate improvements in PFG and PPT

were identified in individuals with
lateral epicondylalgia, preapplication
to postapplication of a forearm brace, a
forearm-elbow brace, and no brace (con-
trol condition), with no difference found
between conditions. The improvements
in outcomes may be due to measurement
error rather than true clinical change.
As neither brace appeared to provide
superior immediate benefits, decisions
regarding their use in clinical practice
should not be based on type, but rather
on other factors such as patient prefer-
ence, comfort, and cost. Further research
is required to investigate longer-term ef-
fects and improve our understanding of
the significance of neuromotor deficits,
such as wrist angle with gripping, in lat-
eral epicondylalgia. ®

IKEY POINTS

FINDINGS: The application of a forearm
brace or a forearm-elbow brace has

an immediate positive effect on grip
strength and pain in people with lateral
epicondylalgia, although this improve-
ment may be a function of measurement
error, as reflected by a similar improve-
ment in the control condition. There
was no difference in outcomes between
the braces tested.

IMPLICATIONS: The choice of brace should
not be based on the brace type but,
rather, on other factors, such as patient
preference, comfort, and cost.

CAUTION: The improvements identified in
this study may be due to measurement
error. The long-term effectiveness of
braces requires further investigation.
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