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Sensorimotor Deficits Remain Despite Resolution of Symptoms
Using Conservative Treatment in Patients With Tennis Elbow:

A Randomized Controlled Trial

Leanne M. Bisset, PhD, Michel W. Coppieters, PhD, Bill Vicenzino, PhD

ABSTRACT. Bisset LM, Coppieters MW, Vicenzino B.
Sensorimotor deficits remain despite resolution of symptoms
using conservative treatment in patients with tennis elbow: a
randomized controlled trial. Arch Phys Med Rehabil 2009;90:
1-8.

Objectives: To evaluate the time course of sensorimotor
deficits in lateral epicondylalgia (LE; tennis elbow) and how
these deficits may be influenced by common conservative
treatments.

Design: Single-blind randomized controlled trial.

Setting: University laboratory, Australia.

Participants: A total of 198 participants with unilateral LE
of a minimum 6 weeks duration and normative data from a
group of 40 healthy participants.

Interventions: Participants with LE were randomly as-
signed to physical therapy, corticosteroid injection, or a wait-
and-see approach with ergonomic advice.

Main Outcome Measures: Upper-limb reaction time (sim-
ple, 1-choice and 2-choice reaction time) and speed of move-
ment were assessed at baseline and 6 and 52 weeks of
follow-up.

Results: Patients with LE exhibited delayed reaction times
(P<<.001) and slower movement speeds (P<<.001) for both the
affected and unaffected arm at baseline, compared with nor-
mative data. Despite some improvement over time, significant
bilateral deficits remained compared with healthy participants,
with no significant differences between the affected and unaf-
fected arm. Overall, there was no significant difference be-
tween the 3 treatment groups over time.

Conclusions: Sensorimotor deficits remain relatively un-
changed over time and are present bilaterally in patients with
unilateral LE. Treatment did not influence the time course of
the sensorimotor deficits. This prompts conjecture as to the
relationship and clinical relevance of sensorimotor deficits in
LE. It should be noted that treatment evaluated in this study
did not specifically target sensorimotor function, and further
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investigation into the significance of sensorimotor deficits in
patients with LE is required.

Key Words: Sensorimotor; Reaction time; Rehabilitation;
Tennis elbow.

© 2009 by the American Congress of Rehabilitation
Medicine

ATERAL EPICONDYLALGIA (tennis elbow) is primar-

ily a condition of pain in the area of the lateral humeral
epicondyle. LE affects 1% to 3% of the general population and
up to 15% of workers in at-risk industries.'™ In addition to the
clinical characteristics of pain and reduced function,>” bilateral
sensorimotor impairments are present in patients with LE.>°
The sensorimotor system is defined as a component of the
motor control system and is used to describe the sensory,
motor, and central integration and processing components in-
volved in maintaining stability during dynamic movement.'%"'
The sensorimotor system includes joint position sense, sensa-
tion of force, and neuromuscular control that involves both
feedforward and feedback mechanisms.'’

Reaction time and speed of movement are simple measures
of sensorimotor function and have been shown to be signifi-
cantly slower in participants with LE compared with healthy
controls.®” Deficits in sensorimotor function have been iden-
tified previously in other chronic musculoskeletal conditions
such as patellofemoral pain syndrome,'? low back pain,'*'*
and shoulder disorders.'>'® Conservative treatments have
been found to be beneficial in improving sensorimotor func-
tion in knee and shoulder disorders'’'?; however, the impact
of conservative treatments on sensorimotor deficits in LE is
unknown.

Typically, conservative treatment is aimed at reducing pain
and improving function in patients with LE. There is strong
evidence to suggest that most patients with LE report improve-
ment in their condition in the long term (52 weeks) if they
adopt a wait-and-see approach, a physical therapy program, or
corticosteroid injections.??* In particular, a physical therapy
program of mobilization with movement and therapeutic exer-
cise was found to be more effective than a wait-and-see ap-
proach in the short term and superior to corticosteroid injec-
tions in the long term. Corticosteroid injections were found to
be superior to both physical therapy and wait-and-see in the
short term, but had a high recurrence rate after 6 weeks. 2022
The effect of these treatment approaches, while demonstrating
efficacy on outcome measures of pain and function, is un-
known for sensorimotor impairments in patients with LE.

List of Abbreviations

Cl confidence interval
LE lateral epicondylalgia (tennis elbow)
SRT simple reaction time
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Table 1: Mean Values + SDs for Patient Characteristics at Baseline for the LE Group and Normative Data®

Baseline Patient Characteristics

Total LE Group (n=198)

Normative Data (n=40)

Mean age (range) (y) 47.6 (28-69) 48.4 (33-64)
Women, n (%) 70 (35) 16 (40)
Dominant side right (n) 183 36
Mean duration (wk) 30.9+29.2 NA
Dominant side affected 133 NA
Affected Unaffected Normative Data

SRT (ms) 211+33 210+32 177+18
RT1 (ms) 267+40 259+43 225+24
RT2 (ms) 34641 344+40 307+32
Speed-1 (cm/s) 88.0+24.4 86.5+21.8 105+21
Speed-2 (cm/s) 93.4+29.0 95.6+26.2 110+26

Mean *+ SD unless otherwise noted.

Abbreviations: NA, not applicable; RT1, 1-choice reaction time; RT2, 2-choice reaction time; Speed-1, 1-choice speed of movement; Speed-2,

2-choice speed of movement.

People assessed: N=497

v

Not randomized: n=299

- Did not meet inclusion criteria: n=96

- Met exclusion criteria: n=148
= Concomitant neck/shoulder problems: n=43
= Bilateral LE: n=9
= QOther elbow problems: n=63
= Contraindications: n=23
= Treatment in previous 6 months: n=10

- Declined to participate: n=55
= Failed fo reply to invitation: n=13
= Lack of time from patient: n=13
= Preference for a specific treatment; n=13
= Aversion to a specific treatment: n=16

v

Participants randomized: n=198

v v

v

Wait and see: n=67 Corticosteroid injection; n=65

Intervention not according to protocol: n=9
- Received 2 injections: n=8

- Received 3 injections: n=1

Intervention not according to protocol: n=0

MWM and exercise: n=66

Intervention not according to protocol: n=8
- Failed to complete treatment: n=7
- Received additional neck treatment: n=1

v v

v

Follow up: Week 3: n=57 Follow up: Week 3: n=64
Week 6: n=59 Week 6: n=65
Week 12: n=59 Week 12: n=65
Week 26: n=54 Week 26: n=63
Week 52: n=57 Week 52: n=64

n=63
n=63
n=58
n=57
n=57

Follow up: Week 3:
Week 6:
Week 12:
Week 26:
Week 52:

v v

v

Completed trial: n=57 Completed trial: n=64

Completed trial: n=57

Fig 1. Flow of participants through the study.
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The aim of this study was to evaluate the effect of physical
therapy and corticosteroid injections compared with a wait-
and-see (natural history) approach on sensorimotor function.
We hypothesized that sensorimotor deficits would abate over
time, in line with the previously reported resolution of the
condition,® and that an active physical therapy treatment
would speed up this recovery more than a corticosteroid injec-
tion or natural resolution over time.

METHODS

We conducted an assessor-blinded, randomized controlled
trial that investigated the effects of 3 treatment interventions
for patients with LE.?® Participant recruitment, determination
of eligibility, and the randomization procedure have been de-
scribed elsewhere, as have the primary outcome measures of
global improvement, assessor severity, and pain-free grip
strength.? In addition to these primary outcome measures, we
evaluated sensorimotor function, which is the focus of this
article. All participants gave written informed consent prior to
enrollment into the study, and ethical approval was gained
from the institutional human research ethics committee prior to
commencement of data collection.

Participants

One hundred ninety-eight participants, recruited from the
general community (Brisbane, Australia), age 18 to 65 years
with a clinical diagnosis of unilateral LE of a minimum 6
weeks duration were enrolled in the trial. A prerequisite for
inclusion was that participants had not received any active
treatment by a health practitioner in the previous 6 months. The
participants were randomly assigned via concealed allocation
to physical therapy, corticosteroid injections, or a wait-and-see
approach. Demographic and baseline characteristics are re-
ported in table 1, and figure 1 illustrates the flow of participants
through the trial.

Intervention

The participants assigned to the wait-and-see group were
given ergonomic advice on how to modify their daily activities
to avoid aggravating their elbow symptoms. Participants as-
signed to the corticosteroid injection group were given a local
injection of ImL 1% lignocaine with 10mg of triamcinolone
acetonide in 1mL, at painful points of the elbow, with the
advice to return gradually to normal activities. The physical
therapy treatment consisted of Mulligan’s Mobilization with
Movement manipulation technique and a customized therapeu-
tic exercise program.”* There were 8 treatment sessions over 6
weeks. Participants in the physical therapy group were also in-
structed on a home exercise program and self-mobilization.

Outcome Measures

A series of reaction time tasks for the upper limb were
evaluated by a blinded assessor using a Sensorimotor Interface
Hand Module.” Reliability has previously been reported for this
module.?® The tasks consisted of SRT, 1-choice reaction time
and corresponding speed of movement 1, and 2-choice reaction
time and corresponding speed of movement 2. Reaction times
were measured in milliseconds as the time delay between a
light stimulus and the release of the hand from the central plate
(figure 2). In the simple reaction task, participants were asked
to move their hand off the plate in reaction to the light. The
other 2 reaction time tests required hand movements from the
central plate toward the plate with a light stimulus, with
either 1-choice reaction time or 2-choice reaction time pos-
sible choices. Movement speed (cm/s) was calculated by

Fig 2. Sensorimotor measures of upper limb reaction time and
speed of movement were tested using the Sensorimotor Interface
Hand Module of the Human Performance Measurement/Basic Ele-
ments of Performance system.?

dividing the distance between the central and target plate by
the time taken for hand movement from 1 plate to the other.
All participants were tested according to the protocol pro-
vided by the manufacturer.”® The tasks were assessed in a
predetermined sequence—SRT, 1-choice reaction time +
speed of movement 1, 2-choice reaction time + speed of
movement 2—with the unaffected side measured first to
facilitate familiarization with the protocol.>” Outcome mea-
sures were taken at baseline and at 3, 6, 12, 26, and 52 weeks
of follow-up to evaluate the time course of sensorimotor
function. In addition to the evaluation of changes over time,
the results from the participants with LE were compared
with previously published normative data.’

Data Analysis

Baseline characteristics known to affect upper-limb reaction
time and speed of movement (age, sex, hand dominance, du-
ration of condition)*® were evaluated for the pooled LE cohort
using 2-way analysis of variance (P<.05).

The primary end points for the trial were 6 weeks (short-
term) and 52 weeks (long-term). For the LE population, we
derived estimates of effect for all continuous outcome mea-
sures by using change scores from baseline in a 3-way analysis
of variance with time, treatment group, and side (affected,
unaffected) defined as fixed factors. We reported adjusted
results if patient characteristics (eg, age, sex) were found to
influence outcomes over time significantly. Significance was
set at 0.01 (99% CI) to compensate for the increase in type I
error resulting from multiple testing.

In addition, comparison between the LE group at baseline
with the previously reported control group data,” and the LE
group at 52 weeks of follow-up with the control group data
(n=40), were performed using a 2-way analysis of variance
with time (baseline and 52 weeks) and condition (LE and
normative) as fixed factors. For these post hoc comparisons,
significance was set at .01.

All statistical analyses were performed on an intention-to-
treat basis. In addition to statistical significance, whether the
size of the differences were clinically meaningful was judged
using a data-driven approach in which previously reported
standard error of the measure acted as a proxy for the minimal
clinically important difference.?®
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Fig 3. Significant differences in reaction time and speed of move-
ment between men and women at baseline (means and 95% Cls).
Abbreviation: AS, affected speed; US, unaffected speed; ASRT, af-
fected reaction time; USRT, unaffected reaction time.

RESULTS

Demographic Effects

There were differences in baseline sensorimotor measures
based on sex, arm dominance, age, and duration of the condi-
tion at the time of presentation. Men were significantly faster
than women for SRT (mean difference of 11ms for their
affected arm, 95% CI, 1-20; and 10ms for their unaffected arm,
95% CI, 0.6-19), speed of movement 1 (mean difference
affected arm, 13cm/s, 95% CI, 6-20; unaffected arm, 11cm/s,
95% CI, 5-17), and speed of movement 2 (mean difference

Dominant Side Affected
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Fig 4. Significant differences in reaction time and speed of move-
ment between dominant and nondominant affected sides at base-
line (means and 95% Cls). Abbreviation: RT, reaction time; Speed-2,
speed of movement 2.
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Fig 5. Significant differences in reaction time between age sub-
groups (decades) at baseline (means and 95% Cls). Abbreviations:
ART2, affected reaction time 2-choice; USRT, unaffected simple
reaction time.

affected arm, 15cm/s, 95% CI, 8-23; unaffected arm, 11cm/s,
95% CI, 4-19) (fig 3). The dominant side affected was signif-
icantly slower than the nondominant side at baseline for
1-choice reaction time (mean difference, 14ms, 95% CI, 2-26)
and 2-choice reaction time (mean difference, 15ms, 95% CI,
2-27). In contrast, the dominant side affected was significantly
faster than the nondominant side affected for speed of move-
ment 2 by 9 cm/s (95% CI, 0.3-18) (fig 4). There was a
significant difference in reaction times between older and
younger participants for the baseline measures of affected
2-choice reaction time and unaffected SRT (fig 5). To under-
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Fig 6. Significant differences in reaction time between participants,
subgrouped according to duration of condition at baseline (about
the median=22wk; means and 95% Cls). Abbreviation: ASRT, af-
fected simple reaction time.
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Table 2: Mean Difference (99% CI) for Reaction Time and Speed of
Movement at Baseline and 52 Weeks of Follow-Up Between the
LE Group and Normative Data

Sensorimotor Measures Baseline 52 Weeks of Follow-Up
SRT (ms) 33 (24-43) 20 (7-32)
RT1 (ms) 39 (27-51) 20 (5-34)
RT2 (ms) 38 (22-54) 24 (7-40)
Speed-1 (cm/s) 18 (8-29) 19 (10-28)
Speed-2 (cm/s) 16 (4-28) 18 (6-29)

NOTE. All measures averaged between sides.

Abbreviations: RT1, 1-choice reaction time; RT2, 2-choice reaction
time; Speed-1, 1-choice speed of movement; Speed-2, 2-choice
speed of movement.

stand better the influence of age on these measures, we sub-
grouped our participants according to decades (<40y, 41-50y,
>51y)*® and found the youngest group (<40y) was signifi-
cantly faster for affected side 2-choice reaction time (mean
difference, 18ms, 95% CI, 1-34) and slower for unaffected side
SRT (mean difference, 16ms, 95% CI, 3-28) compared with the
oldest age group (>50y). For duration of condition (fig 6), par-
ticipants with a longer duration of condition at presentation
(split about the median of 22 weeks) were significantly faster
on SRT than those with a shorter duration of condition (mean
difference, 11ms, 95% CI, 1-20).

Comparison With Normative Data

All measures of reaction time and speed of movement were
significantly delayed in the LE group at baseline compared
with normative data (P<<.001) (see table 2; figs 7-9). Despite
a tendency towards improvement in reaction time, the LE
group did not significantly improve from baseline to 6 and 52
weeks of follow-up (see table 3). Furthermore, the LE group
remained significantly delayed in reaction times (P<<.001) and
slower in speeds of movement (P<<.001) at 52 weeks compared
with normative data (see table 2; figs 7-9). There was no
significant difference in sensorimotor performance between
affected and unaffected sides at follow-up in the LE cohort
(P>.30) (see table 3).
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Fig 7. Reaction times for the total LE group over time (means and
99% Cls) and normative data (means and 99% Cls) for SRT, 1-choice
reaction time (RT1), and 2-choice reaction time (RT2). Normative
data (means and 99% Cls) are represented by the gray bands.
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Fig 8. Speed of movement 1 for the total LE group over time (means
and 99% Cls). Normative data (means and 99% Cls) are represented
by the gray bands.

Between-Group Effects

The sensorimotor measures were similar at baseline between
all 3 treatment groups (wait-and-see, corticosteroid injection,
and physical therapy) within the LE cohort (see table 3). The
type of treatment did not significantly influence sensorimotor
performance over time for any measure (see table 3).

DISCUSSION

Sensorimotor deficits such as delayed upper-limb reaction
time and slower speed of movement are present in participants
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Fig 9. Speed of movement 2 for the total LE group over time (means
and 99% Cls). Normative data (means and 99% Cls) are represented
by the gray bands.
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Table 3: Mean =+ SD of Each Group, Mean =+ SD Difference Within Each Group, and Mean + 99% CIl Difference Between Groups for
Reaction Time and Speed of Movement Outcomes at Primary End Points

Groups
Week 0 Week 6 Week 52
Outcome PT INJ WS Total PT INJ WS Total PT INJ ws Total
SRT* affected 212+29 208+34 214+36 211+33 196*+31 195+32 206=*31 199+32 194+32 192+34 200+31 195+32
SRT* unaffected 209+30 208+30 214*37 210%32 200+x29 203+30 210+36 204*32 195+28 201+x30 20136 199+31
RT1* affected 263+37 269+42 270+x40 267*+40 249+34 25649 265+36 256+40 241+29 243+38 257*42 247+37
RT1* unaffected 257+44 257+39 264+47 260+43 245+32 246*+45 253*+37 248+38 237*37 243*40 248+35 243+37
RT2* affected 346+42 344+41 349+42 346+41 334+36 335+48 342+34 337+40 333+x41 335*x41 341+40 337x41
RT2* unaffected 341+36 345+43 347*+42 344+40 325+34 327+48 339+36 33040 325+39 324+38 327+40 325*39
Speed-1 affected 91+29 90+25 84+19 88+24 90+25 88+20 82+19 87+22 91+23 87+23 84+19 88+22
Speed-1 unaffected 90+23 89+24 82+19 87+22 88+23 84+19 81+19 84+21 88+22 85+21 83+19 85+21
Speed-2 affected 96+33 95+30 89+24 93+29 97+28 96+24 86+22 93+25 97+27 94+31 88+24 93+28
Speed-2 unaffected 96+26 98+27 93+25 96+26 94+22 96+24 90+22 94+23 96+25 94+25 88+20 92+24

Abbreviations: INJ, corticosteroid injection; PT, physiotherapy; RT1, 1-choice reaction time; RT2, 2-choice reaction time; Speed-1, 1-choice
speed of movement; Speed-2, 2-choice speed of movement; WS, wait-and-see.
*Adjusted for covariate appearing in the model at the following values: age=47.81y.

with LE. This is consistent with previously reported findings.>*
This study is the first to reveal that these deficits do not return
to values comparable to those of healthy controls over a 12-
month period in participants with LE. Reaction times showed a
tendency toward normalization over the first 6 weeks, but this
change slowed after 6 weeks, and a plateau was observed for
the remainder of the follow-up. This pattern of improvement in
the first 6 weeks was not significant for reaction time or speed
of movement measures. The plateau in improvement seen after
6 weeks and the deficits noted at long-term follow-up when the
LE group data were compared with normative data, suggest
that sensorimotor deficits do not recover in the long term.
Overall, the affected and unaffected side behaved similarly for
all measures, with no significant difference between sides over
time, suggesting that the bilateral deficits previously identi-
fied®® persist over time in patients with a unilateral condition.

The sensorimotor deficits identified in participants with LE
may be explained through changes to central neuromotor pro-
cessing. There is evidence to suggest that pain has an effect on
timing of muscle activation and reorganization within the pri-
mary somatosensory cortex of the brain.?>** It may be that with
continued use of the affected limb in the presence of pain, such
as that experienced with LE, movement of the upper limb is
altered.?'-** Faulty proprioceptive input through altered move-
ment may then disrupt the internal representation of the body
that the brain uses to control movement.** This disruption may
cause incongruence between motor output and sensory feed-
back, thereby resulting in impairments in sensorimotor func-
tion.>* In this study, however, measures of sensorimotor func-
tion did not follow a pattern of recovery similar to that of
measures of pain and function. Measures of pain and function
do not appear to capture directly the sensorimotor deficits in
participants with LE, and therefore, there is a need to investi-
gate further the significance and relevance of sensorimotor
deficits in LE.

Central neuromotor changes and communication between
cerebral hemispheres®>~*® may be responsible for the bilateral
deficits in upper-limb reaction time and speed of movement
seen in this study as well as previously.®° It has been proposed
that transfer of information between homologous cortical areas
during a unilateral motor task occurs in the healthy population,
regardless of hemisphere dominance.>>® Perhaps through a
mechanism of interhemispheric communication,®® the im-
paired motor task on the injured side is mapped onto the

Arch Phys Med Rehabil Vol 90, January 2009

uninjured side, resulting in bilateral deficits associated with this
group of participants with unilateral LE.

Baseline measures of sensorimotor function were different
between sexes, dominant/nondominant sides, ages, and dura-
tion of condition. These findings are in line with previously
reported data® with respect to sex, in which men demonstrated
significantly faster speed of movement and reaction time, but
contrast with a previous study on the influence of the dominant
side and age on sensorimotor measures.

Kauranen and Vanharanta,? as part of a reliability study,
reported standard error of the measures for 2-choice reaction
time (17.4ms) and speed of movement 2 (8.8cm/s) for the
upper limb. Using the assumption that a minimal clinically
important difference will lie outside the standard error of the
measure,”® it is possible that the differences seen between
subgroups of patients at baseline, although statistically signif-
icant, are not clinically meaningful, particularly for the reaction
time measures, where the differences averaged 13.5 millisec-
onds. Alternatively, these differences between our data and
previously reported data may be a function of the condition of
LE, lz)secause the previous study used a healthy uninjured co-
hort.~

The physical therapy treatment in this study, which included
pain-free upper-limb endurance and strength exercises, did not
preferentially influence the sensorimotor deficits as hypothe-
sized. The effects of a 10-week exercise program on sensori-
motor function in 16 healthy women has been investigated by
Kauranen et al*” in a previous study that reported a statistically
significant improvement of 16ms in 2-choice reaction time, but
no significant change in speed of movement 2, pre-exercise to
postexercise. The authors postulated an increase in neural ac-
tivation may have been responsible for the improvement seen
in some sensorimotor measures after the 10-week exercise
program. However, in our trial, the physical therapy treatment,
which showed an improvement of 12 milliseconds for 2-choice
reaction time at 6 weeks, was no different from the improve-
ment seen in the corticosteroid injection or wait-and-see
groups. Kauranen®” did not include a comparison (control)
group in their study, so it is difficult to evaluate the clinical
relevance of their findings. It should be noted that the conser-
vative treatments applied in our study were not designed to
target sensorimotor function specifically. The treatment inter-
ventions used in our study were designed to target pain and
functional deficits (eg, pain-free grip strength) rather than sen-
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Table 3 (Cont’d): Mean + SD of Each Group, Mean * SD Difference Within Each Group, and Mean =+ 99% CIl Difference Between Groups
for Reaction Time and Speed of Movement Outcomes at Primary End Points

Change Within Groups

Difference Between Groups

Week 6 Minus Week 0 Week 52 Minus Week 0

Week 6 Minus Week 0

Week 52 Minus Week 0

PT INJ WS PT INJ WS PT Minus INJ PT Minus WS INJ Minus WS PT Minus INJ PT Minus WS INJ Minus WS
16+30 13*29 7+30 20+31 16*+27 16*28 3*—11to 17 9+—-51t023 6+—81to 20 4+—-10to 17 4+-101t0 18 0+—14to 14
8+29 5+24 2+28 15+30 8x25 1438 3+x-9to 15 6x—-71t019 3=x—10to 16 8+—-7t022 2+-14t017 —-6+-21t09
12+43 12*40 3+£35 21+37 26*+36 15*40 —1*x-19t018 8+—10to 27 9-—10t0 28 —4*x-22t014 7t—11t025 11+x-7to 29
10+43 10*+43 13%41 21+44 14+33 19*x47 —-1+*-20t0o19 -3*x-23to17 —-2+x-22to18 7+—-13to 27 1=-19t022 -6+—-25t0 14
11+34 9+34 9+32 14+40 9+33 1137 2+-13t0 17 3+t-13to 18 1=—151t0 16 6+—12to 23 2+-15t020 —3*—-20to 14
14+37 17x36 1130 16+x37 21+30 24*35 —3+*-19t013 3+—13t0 20 6+x—10t023 —-6*+-22t011 —-8x—-25t09 —2+x-19t014
—-2*+17 -2%£16 —4*16 1+18 —-3*x17 —-2*16 0+—-8to7 2+—-61t0 10 2+—-61t0 10 4+—-41012 3t—5t011 —1+*-9to7
—-2*16 —4*x15 —-3*15 0x16 —-4*16 —2*16 2+—-5t09 2+—-6t09 —1+-8to 6 4+—41to0 11 2+—-6t09 —2*x-10to5b
1+18 0£19 —6+13 1x17 -2x19 -5x15 0x—7to8 6x—2to 14 6x—2to 14 3x—-5t012 6+—3t0 14 3x—6to 11
-2*+18 —-2*17 —-5+18 0*+20 -5*22 -—-9*19 0+—-9to8 3+t—-5t012 4*-5t012 4+—-5t014 9+—-11t0 18 4+-—6to 14

sorimotor deficits. It is possible, therefore, that other treatments
that specifically target the sensorimotor deficits may influence
measures of sensorimotor function more than was observed in
this study.

A post hoc power analysis confirmed that the number of
participants in the clinical trial was adequate to identify a
clinically important difference over time for the physiotherapy
group. Using a data-driven approach in which the standard error
of the measure acts as a proxy for the minimal clinically important
difference,”® an improvement in 2-choice reaction time greater
than the standard error of the measure of 17.4ms> would require
a sample size of 59 participants a group (power=90%, a=.05,
SD=40). Importantly, the sample size of 66 participants a group
was based on the previously published outcome measure of global
improvement.>' This sample size was found to be sufficient to
detect statistically and clinically important differences between the
treatment groups for measures of global improvement, pain, and
function.”

Reaction time and speed of movement are only 1 way by
which sensorimotor function may be measured. Sensorimotor
function also encompasses joint position sense, sensation of
force and effort through muscle contraction, and sensations of
perceived timing of muscle contractions.*®*° Thus, deficits in
reaction time and speed of movement may be reflective of
deficits in other sensorimotor measures such as joint position
error and sensation of force in participants with LE; however,
this requires further investigation if we are to understand better
the significance of sensorimotor deficits in LE.

A limitation of this study is that the normative data used in
this study were measured at a single time point and not re-
peated over time, as the LE cohort data were. It is possible that
the initial improvements seen within the LE cohort represent a
learning effect through repeated testing over time. However, if
a learning effect is present in sensorimotor testing, then it is
reasonable to expect similar improvements over time in a
healthy population. As a result, the differences between the
participant with LE and the healthy group that we observed in
this study may be an underestimation of the real differences.
This would add support to our conclusion that sensorimotor
deficits remain present over time despite resolution of symp-
toms.

It is unclear what significance these sensorimotor impair-
ments hold in patients with LE. Several possibilities may
explain our findings. One explanation may be that sensorimotor

performance is not closely related to pain and disability in the
condition of LE, because the change over time is markedly
different in sensorimotor measures compared with pain and
function measures.?%2? If this is the case, then it is conceivable
that continuing sensorimotor deficits will be present despite
reported recovery in patients with LE. It is also feasible that the
slower upper-limb reaction times and speed of movement pre-
cede the development of chronic injuries such as LE.* Finally,
the continuation of sensorimotor deficits after a participant
reports recovery may explain the tendency of chronic condi-
tions such as LE to recur,*” in some ways similar to patel-
lofemoral pain syndrome.*' Tt is clear after our study that
further work is required to understand better the significance of
sensorimotor impairments in LE.

CONCLUSIONS

Sensorimotor deficits are bilateral in unilateral LE, and al-
though they demonstrate a tendency toward resolution in the
first 6 weeks, deficits were still present after 12 months. The
persistence of sensorimotor deficits over time contrasts with
the resolution of pain and normalization of function, such as
pain-free grip strength. The treatment interventions investi-
gated in this trial did not specifically aim to restore sensorimo-
tor function and did not influence sensorimotor function over
time.
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