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RIGINAL ARTICLE

ensorimotor Deficits Remain Despite Resolution of Symptoms
sing Conservative Treatment in Patients With Tennis Elbow:
Randomized Controlled Trial
eanne M. Bisset, PhD, Michel W. Coppieters, PhD, Bill Vicenzino, PhD
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ABSTRACT. Bisset LM, Coppieters MW, Vicenzino B.
ensorimotor deficits remain despite resolution of symptoms
sing conservative treatment in patients with tennis elbow: a
andomized controlled trial. Arch Phys Med Rehabil 2009;90:
-8.

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

Design: Single-blind randomized controlled trial.
Setting: University laboratory, Australia.
Participants: A total of 198 participants with unilateral LE

f a minimum 6 weeks duration and normative data from a
roup of 40 healthy participants.
Interventions: Participants with LE were randomly as-

igned to physical therapy, corticosteroid injection, or a wait-
nd-see approach with ergonomic advice.

Main Outcome Measures: Upper-limb reaction time (sim-
le, 1-choice and 2-choice reaction time) and speed of move-
ent were assessed at baseline and 6 and 52 weeks of

ollow-up.
Results: Patients with LE exhibited delayed reaction times

P�.001) and slower movement speeds (P�.001) for both the
ffected and unaffected arm at baseline, compared with nor-
ative data. Despite some improvement over time, significant

ilateral deficits remained compared with healthy participants,
ith no significant differences between the affected and unaf-

ected arm. Overall, there was no significant difference be-
ween the 3 treatment groups over time.

Conclusions: Sensorimotor deficits remain relatively un-
hanged over time and are present bilaterally in patients with
nilateral LE. Treatment did not influence the time course of
he sensorimotor deficits. This prompts conjecture as to the
elationship and clinical relevance of sensorimotor deficits in
E. It should be noted that treatment evaluated in this study
id not specifically target sensorimotor function, and further
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ATERAL EPICONDYLALGIA (tennis elbow) is primar-
ily a condition of pain in the area of the lateral humeral

picondyle. LE affects 1% to 3% of the general population and
p to 15% of workers in at-risk industries.1-4 In addition to the
linical characteristics of pain and reduced function,5-7 bilateral
ensorimotor impairments are present in patients with LE.8,9

he sensorimotor system is defined as a component of the
otor control system and is used to describe the sensory,
otor, and central integration and processing components in-

olved in maintaining stability during dynamic movement.10,11

he sensorimotor system includes joint position sense, sensa-
ion of force, and neuromuscular control that involves both
eedforward and feedback mechanisms.11

Reaction time and speed of movement are simple measures
f sensorimotor function and have been shown to be signifi-
antly slower in participants with LE compared with healthy
ontrols.8,9 Deficits in sensorimotor function have been iden-
ified previously in other chronic musculoskeletal conditions
uch as patellofemoral pain syndrome,12 low back pain,13,14

nd shoulder disorders.15,16 Conservative treatments have
een found to be beneficial in improving sensorimotor func-
ion in knee and shoulder disorders17-19; however, the impact
f conservative treatments on sensorimotor deficits in LE is
nknown.
Typically, conservative treatment is aimed at reducing pain

nd improving function in patients with LE. There is strong
vidence to suggest that most patients with LE report improve-
ent in their condition in the long term (52 weeks) if they

dopt a wait-and-see approach, a physical therapy program, or
orticosteroid injections.20-22 In particular, a physical therapy
rogram of mobilization with movement and therapeutic exer-
ise was found to be more effective than a wait-and-see ap-
roach in the short term and superior to corticosteroid injec-
ions in the long term. Corticosteroid injections were found to
e superior to both physical therapy and wait-and-see in the
hort term, but had a high recurrence rate after 6 weeks.20-22

he effect of these treatment approaches, while demonstrating
fficacy on outcome measures of pain and function, is un-
nown for sensorimotor impairments in patients with LE.

List of Abbreviations

CI confidence interval
LE lateral epicondylalgia (tennis elbow)

SRT simple reaction time
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M
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.
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Table 1: Mean Values � SDs for Patient Characteristics at Baseline for the LE Group and Normative Data9

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) 346�41 344�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

ean � SD unless otherwise noted.
Fig 1. Flow of participants through the study.

rch Phys Med Rehabil Vol 90, January 2009
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3SENSORIMOTOR DEFICITS REMAIN DESPITE RESOLUTION OF SYMPTOMS, Bisset
The aim of this study was to evaluate the effect of physical
herapy and corticosteroid injections compared with a wait-
nd-see (natural history) approach on sensorimotor function.

e hypothesized that sensorimotor deficits would abate over
ime, in line with the previously reported resolution of the
ondition,20 and that an active physical therapy treatment
ould speed up this recovery more than a corticosteroid injec-

ion or natural resolution over time.

METHODS
We conducted an assessor-blinded, randomized controlled

rial that investigated the effects of 3 treatment interventions
or patients with LE.20 Participant recruitment, determination
f eligibility, and the randomization procedure have been de-
cribed elsewhere, as have the primary outcome measures of
lobal improvement, assessor severity, and pain-free grip
trength.20 In addition to these primary outcome measures, we
valuated sensorimotor function, which is the focus of this
rticle. All participants gave written informed consent prior to
nrollment into the study, and ethical approval was gained
rom the institutional human research ethics committee prior to
ommencement of data collection.

articipants
One hundred ninety-eight participants, recruited from the

eneral community (Brisbane, Australia), age 18 to 65 years
ith a clinical diagnosis of unilateral LE of a minimum 6
eeks duration were enrolled in the trial. A prerequisite for

nclusion was that participants had not received any active
reatment by a health practitioner in the previous 6 months. The
articipants were randomly assigned via concealed allocation
o physical therapy, corticosteroid injections, or a wait-and-see
pproach. Demographic and baseline characteristics are re-
orted in table 1, and figure 1 illustrates the flow of participants
hrough the trial.

ntervention
The participants assigned to the wait-and-see group were

iven ergonomic advice on how to modify their daily activities
o avoid aggravating their elbow symptoms. Participants as-
igned to the corticosteroid injection group were given a local
njection of 1mL 1% lignocaine with 10mg of triamcinolone
cetonide in 1mL, at painful points of the elbow, with the
dvice to return gradually to normal activities. The physical
herapy treatment consisted of Mulligan’s Mobilization with

ovement manipulation technique23 and a customized therapeu-
ic exercise program.24 There were 8 treatment sessions over 6
eeks. Participants in the physical therapy group were also in-

tructed on a home exercise program and self-mobilization.

utcome Measures
A series of reaction time tasks for the upper limb were

valuated by a blinded assessor using a Sensorimotor Interface
and Module.a Reliability has previously been reported for this
odule.25 The tasks consisted of SRT, 1-choice reaction time

nd corresponding speed of movement 1, and 2-choice reaction
ime and corresponding speed of movement 2. Reaction times
ere measured in milliseconds as the time delay between a

ight stimulus and the release of the hand from the central plate
figure 2). In the simple reaction task, participants were asked
o move their hand off the plate in reaction to the light. The
ther 2 reaction time tests required hand movements from the
entral plate toward the plate with a light stimulus, with
ither 1-choice reaction time or 2-choice reaction time pos-

ible choices. Movement speed (cm/s) was calculated by c
ividing the distance between the central and target plate by
he time taken for hand movement from 1 plate to the other.
ll participants were tested according to the protocol pro-
ided by the manufacturer.26 The tasks were assessed in a
redetermined sequence—SRT, 1-choice reaction time �
peed of movement 1, 2-choice reaction time � speed of
ovement 2—with the unaffected side measured first to

acilitate familiarization with the protocol.27 Outcome mea-
ures were taken at baseline and at 3, 6, 12, 26, and 52 weeks
f follow-up to evaluate the time course of sensorimotor
unction. In addition to the evaluation of changes over time,
he results from the participants with LE were compared
ith previously published normative data.9

ata Analysis
Baseline characteristics known to affect upper-limb reaction

ime and speed of movement (age, sex, hand dominance, du-
ation of condition)25 were evaluated for the pooled LE cohort
sing 2-way analysis of variance (P�.05).
The primary end points for the trial were 6 weeks (short-

erm) and 52 weeks (long-term). For the LE population, we
erived estimates of effect for all continuous outcome mea-
ures by using change scores from baseline in a 3-way analysis
f variance with time, treatment group, and side (affected,
naffected) defined as fixed factors. We reported adjusted
esults if patient characteristics (eg, age, sex) were found to
nfluence outcomes over time significantly. Significance was
et at 0.01 (99% CI) to compensate for the increase in type I
rror resulting from multiple testing.

In addition, comparison between the LE group at baseline
ith the previously reported control group data,9 and the LE
roup at 52 weeks of follow-up with the control group data
n�40), were performed using a 2-way analysis of variance
ith time (baseline and 52 weeks) and condition (LE and
ormative) as fixed factors. For these post hoc comparisons,
ignificance was set at .01.

All statistical analyses were performed on an intention-to-
reat basis. In addition to statistical significance, whether the
ize of the differences were clinically meaningful was judged
sing a data-driven approach in which previously reported
tandard error of the measure acted as a proxy for the minimal

ig 2. Sensorimotor measures of upper limb reaction time and
peed of movement were tested using the Sensorimotor Interface
and Module of the Human Performance Measurement/Basic Ele-
ents of Performance system.a
linically important difference.28

Arch Phys Med Rehabil Vol 90, January 2009
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RESULTS

emographic Effects
There were differences in baseline sensorimotor measures

ased on sex, arm dominance, age, and duration of the condi-
ion at the time of presentation. Men were significantly faster
han women for SRT (mean difference of 11ms for their
ffected arm, 95% CI, 1–20; and 10ms for their unaffected arm,
5% CI, 0.6–19), speed of movement 1 (mean difference
ffected arm, 13cm/s, 95% CI, 6–20; unaffected arm, 11cm/s,
5% CI, 5–17), and speed of movement 2 (mean difference

ig 3. Significant differences in reaction time and speed of move-
ent between men and women at baseline (means and 95% CIs).
bbreviation: AS, affected speed; US, unaffected speed; ASRT, af-

ected reaction time; USRT, unaffected reaction time.

ig 4. Significant differences in reaction time and speed of move-
ent between dominant and nondominant affected sides at base-
ine (means and 95% CIs). Abbreviation: RT, reaction time; Speed-2,
peed of movement 2.

t
f

rch Phys Med Rehabil Vol 90, January 2009
ffected arm, 15cm/s, 95% CI, 8–23; unaffected arm, 11cm/s,
5% CI, 4–19) (fig 3). The dominant side affected was signif-
cantly slower than the nondominant side at baseline for
-choice reaction time (mean difference, 14ms, 95% CI, 2–26)
nd 2-choice reaction time (mean difference, 15ms, 95% CI,
–27). In contrast, the dominant side affected was significantly
aster than the nondominant side affected for speed of move-
ent 2 by 9 cm/s (95% CI, 0.3–18) (fig 4). There was a

ignificant difference in reaction times between older and
ounger participants for the baseline measures of affected
-choice reaction time and unaffected SRT (fig 5). To under-

ig 6. Significant differences in reaction time between participants,
ubgrouped according to duration of condition at baseline (about

ig 5. Significant differences in reaction time between age sub-
roups (decades) at baseline (means and 95% CIs). Abbreviations:
RT2, affected reaction time 2-choice; USRT, unaffected simple

eaction time.
he median�22wk; means and 95% CIs). Abbreviation: ASRT, af-
ected simple reaction time.
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5SENSORIMOTOR DEFICITS REMAIN DESPITE RESOLUTION OF SYMPTOMS, Bisset
tand better the influence of age on these measures, we sub-
rouped our participants according to decades (�40y, 41–50y,
51y)25 and found the youngest group (�40y) was signifi-

antly faster for affected side 2-choice reaction time (mean
ifference, 18ms, 95% CI, 1–34) and slower for unaffected side
RT (mean difference, 16ms, 95% CI, 3–28) compared with the
ldest age group (�50y). For duration of condition (fig 6), par-
icipants with a longer duration of condition at presentation
split about the median of 22 weeks) were significantly faster
n SRT than those with a shorter duration of condition (mean
ifference, 11ms, 95% CI, 1–20).

omparison With Normative Data
All measures of reaction time and speed of movement were

ignificantly delayed in the LE group at baseline compared
ith normative data (P�.001) (see table 2; figs 7–9). Despite
tendency towards improvement in reaction time, the LE

roup did not significantly improve from baseline to 6 and 52
eeks of follow-up (see table 3). Furthermore, the LE group

emained significantly delayed in reaction times (P�.001) and
lower in speeds of movement (P�.001) at 52 weeks compared
ith normative data (see table 2; figs 7–9). There was no

ignificant difference in sensorimotor performance between
ffected and unaffected sides at follow-up in the LE cohort
P�.30) (see table 3).

able 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)

OTE. All measures averaged between sides.
bbreviations: RT1, 1-choice reaction time; RT2, 2-choice reaction

ime; Speed-1, 1-choice speed of movement; Speed-2, 2-choice
peed of movement.

ig 7. Reaction times for the total LE group over time (means and
9% CIs) and normative data (means and 99% CIs) for SRT, 1-choice

eaction time (RT1), and 2-choice reaction time (RT2). Normative
ata (means and 99% CIs) are represented by the gray bands.

a
b

etween-Group Effects
The sensorimotor measures were similar at baseline between

ll 3 treatment groups (wait-and-see, corticosteroid injection,
nd physical therapy) within the LE cohort (see table 3). The
ype of treatment did not significantly influence sensorimotor
erformance over time for any measure (see table 3).

DISCUSSION
Sensorimotor deficits such as delayed upper-limb reaction

ime and slower speed of movement are present in participants

ig 8. Speed of movement 1 for the total LE group over time (means
nd 99% CIs). Normative data (means and 99% CIs) are represented
y the gray bands.

ig 9. Speed of movement 2 for the total LE group over time (means

nd 99% CIs). Normative data (means and 99% CIs) are represented
y the gray bands.

Arch Phys Med Rehabil Vol 90, January 2009
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6 SENSORIMOTOR DEFICITS REMAIN DESPITE RESOLUTION OF SYMPTOMS, Bisset

A

ith LE. This is consistent with previously reported findings.8,9

his study is the first to reveal that these deficits do not return
o values comparable to those of healthy controls over a 12-
onth period in participants with LE. Reaction times showed a

endency toward normalization over the first 6 weeks, but this
hange slowed after 6 weeks, and a plateau was observed for
he remainder of the follow-up. This pattern of improvement in
he first 6 weeks was not significant for reaction time or speed
f movement measures. The plateau in improvement seen after
weeks and the deficits noted at long-term follow-up when the
E group data were compared with normative data, suggest

hat sensorimotor deficits do not recover in the long term.
verall, the affected and unaffected side behaved similarly for

ll measures, with no significant difference between sides over
ime, suggesting that the bilateral deficits previously identi-
ed8,9 persist over time in patients with a unilateral condition.
The sensorimotor deficits identified in participants with LE
ay be explained through changes to central neuromotor pro-

essing. There is evidence to suggest that pain has an effect on
iming of muscle activation and reorganization within the pri-
ary somatosensory cortex of the brain.29,30 It may be that with

ontinued use of the affected limb in the presence of pain, such
s that experienced with LE, movement of the upper limb is
ltered.31,32 Faulty proprioceptive input through altered move-
ent may then disrupt the internal representation of the body

hat the brain uses to control movement.33 This disruption may
ause incongruence between motor output and sensory feed-
ack, thereby resulting in impairments in sensorimotor func-
ion.34 In this study, however, measures of sensorimotor func-
ion did not follow a pattern of recovery similar to that of
easures of pain and function. Measures of pain and function

o not appear to capture directly the sensorimotor deficits in
articipants with LE, and therefore, there is a need to investi-
ate further the significance and relevance of sensorimotor
eficits in LE.
Central neuromotor changes and communication between

erebral hemispheres35,36 may be responsible for the bilateral
eficits in upper-limb reaction time and speed of movement
een in this study as well as previously.8,9 It has been proposed
hat transfer of information between homologous cortical areas
uring a unilateral motor task occurs in the healthy population,
egardless of hemisphere dominance.35,36 Perhaps through a
echanism of interhemispheric communication,36 the im-

Table 3: Mean � SD of Each Group, Mean � SD Difference With
Reaction Time and Speed of Move

Outcome

Week 0

PT INJ WS Total PT

SRT* affected 212�29 208�34 214�36 211�33 196�3
SRT* unaffected 209�30 208�30 214�37 210�32 200�2
RT1* affected 263�37 269�42 270�40 267�40 249�3
RT1* unaffected 257�44 257�39 264�47 260�43 245�3
RT2* affected 346�42 344�41 349�42 346�41 334�3
RT2* unaffected 341�36 345�43 347�42 344�40 325�3
Speed-1 affected 91�29 90�25 84�19 88�24 90�2
Speed-1 unaffected 90�23 89�24 82�19 87�22 88�2
Speed-2 affected 96�33 95�30 89�24 93�29 97�2
Speed-2 unaffected 96�26 98�27 93�25 96�26 94�2

bbreviations: INJ, corticosteroid injection; PT, physiotherapy; RT1
peed of movement; Speed-2, 2-choice speed of movement; WS, w
Adjusted for covariate appearing in the model at the following val
aired motor task on the injured side is mapped onto the f

rch Phys Med Rehabil Vol 90, January 2009
ninjured side, resulting in bilateral deficits associated with this
roup of participants with unilateral LE.
Baseline measures of sensorimotor function were different

etween sexes, dominant/nondominant sides, ages, and dura-
ion of condition. These findings are in line with previously
eported data25 with respect to sex, in which men demonstrated
ignificantly faster speed of movement and reaction time, but
ontrast with a previous study on the influence of the dominant
ide and age on sensorimotor measures.

Kauranen and Vanharanta,25 as part of a reliability study,
eported standard error of the measures for 2-choice reaction
ime (17.4ms) and speed of movement 2 (8.8cm/s) for the
pper limb. Using the assumption that a minimal clinically
mportant difference will lie outside the standard error of the
easure,28 it is possible that the differences seen between

ubgroups of patients at baseline, although statistically signif-
cant, are not clinically meaningful, particularly for the reaction
ime measures, where the differences averaged 13.5 millisec-
nds. Alternatively, these differences between our data and
reviously reported data may be a function of the condition of
E, because the previous study used a healthy uninjured co-
ort.25

The physical therapy treatment in this study, which included
ain-free upper-limb endurance and strength exercises, did not
referentially influence the sensorimotor deficits as hypothe-
ized. The effects of a 10-week exercise program on sensori-
otor function in 16 healthy women has been investigated by
auranen et al37 in a previous study that reported a statistically

ignificant improvement of 16ms in 2-choice reaction time, but
o significant change in speed of movement 2, pre-exercise to
ostexercise. The authors postulated an increase in neural ac-
ivation may have been responsible for the improvement seen
n some sensorimotor measures after the 10-week exercise
rogram. However, in our trial, the physical therapy treatment,
hich showed an improvement of 12 milliseconds for 2-choice

eaction time at 6 weeks, was no different from the improve-
ent seen in the corticosteroid injection or wait-and-see

roups. Kauranen37 did not include a comparison (control)
roup in their study, so it is difficult to evaluate the clinical
elevance of their findings. It should be noted that the conser-
ative treatments applied in our study were not designed to
arget sensorimotor function specifically. The treatment inter-
entions used in our study were designed to target pain and

ch Group, and Mean � 99% CI Difference Between Groups for
Outcomes at Primary End Points

Groups

Week 6 Week 52

INJ WS Total PT INJ WS Total

95�32 206�31 199�32 194�32 192�34 200�31 195�32
03�30 210�36 204�32 195�28 201�30 201�36 199�31
56�49 265�36 256�40 241�29 243�38 257�42 247�37
46�45 253�37 248�38 237�37 243�40 248�35 243�37
35�48 342�34 337�40 333�41 335�41 341�40 337�41
27�48 339�36 330�40 325�39 324�38 327�40 325�39
88�20 82�19 87�22 91�23 87�23 84�19 88�22
84�19 81�19 84�21 88�22 85�21 83�19 85�21
96�24 86�22 93�25 97�27 94�31 88�24 93�28
96�24 90�22 94�23 96�25 94�25 88�20 92�24

oice reaction time; RT2, 2-choice reaction time; Speed-1, 1-choice
d-see.

age�47.81y.
in Ea
ment

1 1
9 2
4 2
2 2
6 3
4 3
5
3
8
2

, 1-ch
unctional deficits (eg, pain-free grip strength) rather than sen-
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7SENSORIMOTOR DEFICITS REMAIN DESPITE RESOLUTION OF SYMPTOMS, Bisset
orimotor deficits. It is possible, therefore, that other treatments
hat specifically target the sensorimotor deficits may influence
easures of sensorimotor function more than was observed in

his study.
A post hoc power analysis confirmed that the number of

articipants in the clinical trial was adequate to identify a
linically important difference over time for the physiotherapy
roup. Using a data-driven approach in which the standard error
f the measure acts as a proxy for the minimal clinically important
ifference,28 an improvement in 2-choice reaction time greater
han the standard error of the measure of 17.4ms25 would require

sample size of 59 participants a group (power�90%, ��.05,
D�40). Importantly, the sample size of 66 participants a group
as based on the previously published outcome measure of global

mprovement.21 This sample size was found to be sufficient to
etect statistically and clinically important differences between the
reatment groups for measures of global improvement, pain, and
unction.20

Reaction time and speed of movement are only 1 way by
hich sensorimotor function may be measured. Sensorimotor

unction also encompasses joint position sense, sensation of
orce and effort through muscle contraction, and sensations of
erceived timing of muscle contractions.38,39 Thus, deficits in
eaction time and speed of movement may be reflective of
eficits in other sensorimotor measures such as joint position
rror and sensation of force in participants with LE; however,
his requires further investigation if we are to understand better
he significance of sensorimotor deficits in LE.

A limitation of this study is that the normative data used in
his study were measured at a single time point and not re-
eated over time, as the LE cohort data were. It is possible that
he initial improvements seen within the LE cohort represent a
earning effect through repeated testing over time. However, if

learning effect is present in sensorimotor testing, then it is
easonable to expect similar improvements over time in a
ealthy population. As a result, the differences between the
articipant with LE and the healthy group that we observed in
his study may be an underestimation of the real differences.
his would add support to our conclusion that sensorimotor
eficits remain present over time despite resolution of symp-
oms.

It is unclear what significance these sensorimotor impair-
ents hold in patients with LE. Several possibilities may

Table 3 (Cont’d): Mean � SD of Each Group, Mean � SD Differenc
for Reaction Time and Speed of Mov

Change Within Groups

Week 6 Minus Week 0 Week 52 Minus Week 0 Week

PT INJ WS PT INJ WS PT Minus INJ P

16�30 13�29 7�30 20�31 16�27 16�28 3��11 to 17 9
8�29 5�24 2�28 15�30 8�25 14�38 3��9 to 15 6

12�43 12�40 3�35 21�37 26�36 15�40 �1��19 to 18 8
10�43 10�43 13�41 21�44 14�33 19�47 �1��20 to 19 �3
11�34 9�34 9�32 14�40 9�33 11�37 2��13 to 17 3
14�37 17�36 11�30 16�37 21�30 24�35 �3��19 to 13 3
�2�17 �2�16 �4�16 1�18 �3�17 �2�16 0��8 to 7 2
�2�16 �4�15 �3�15 0�16 �4�16 �2�16 2��5 to 9 2

1�18 0�19 �6�13 1�17 �2�19 �5�15 0��7 to 8 6
�2�18 �2�17 �5�18 0�20 �5�22 �9�19 0��9 to 8 3
xplain our findings. One explanation may be that sensorimotor
erformance is not closely related to pain and disability in the
ondition of LE, because the change over time is markedly
ifferent in sensorimotor measures compared with pain and
unction measures.20-22 If this is the case, then it is conceivable
hat continuing sensorimotor deficits will be present despite
eported recovery in patients with LE. It is also feasible that the
lower upper-limb reaction times and speed of movement pre-
ede the development of chronic injuries such as LE.8,9 Finally,
he continuation of sensorimotor deficits after a participant
eports recovery may explain the tendency of chronic condi-
ions such as LE to recur,40 in some ways similar to patel-
ofemoral pain syndrome.41 It is clear after our study that
urther work is required to understand better the significance of
ensorimotor impairments in LE.

CONCLUSIONS
Sensorimotor deficits are bilateral in unilateral LE, and al-

hough they demonstrate a tendency toward resolution in the
rst 6 weeks, deficits were still present after 12 months. The
ersistence of sensorimotor deficits over time contrasts with
he resolution of pain and normalization of function, such as
ain-free grip strength. The treatment interventions investi-
ated in this trial did not specifically aim to restore sensorimo-
or function and did not influence sensorimotor function over
ime.

Acknowledgments: We acknowledge Ross Darnell, PhD, for as-
istance with data management and statistical analyses.
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