Dupuis et al. BMC Musculoskeletal Disorders (2022) 23:281
https://doi.org/10.1186/512891-022-05237-5 BMC Musculoskeletal

Disorders

RESEARCH Open Access

. ®
Does musculoskeletal pain interfere s

with motor learning in a gait adaptation task?
A proof-of-concept study

Frédérique Dupuis', Benoit Pairot de Fontenay', Jason Bouffard'?, Marc Bouchard?, Laurent J. Bouyer'?,
Catherine Mercier'? and Jean-Sébastien Roy'?"

Abstract

Background: Experimental pain during gait has been shown to interfere with learning a new locomotor task. How-
ever, very few studies have investigated the impact of clinical pain on motor learning due to the challenges associ-
ated with clinical populations.

Objective: The first objective of this proof-of-concept study was to determine the feasibility to obtain two groups of
participants with chronic ankle pathology with or without residual pain while walking. The second objective was to
evaluate the impact of clinical musculoskeletal pain on motor learning during gait.

Methods: Participants with chronic isolated ankle pathology were recruited and their personal and clinical charac-
teristics were collected (functional performance, dorsiflexion maximal strength, range of motion). To assess motor
acquisition (Day 1) and retention (Day 2), participants performed an adaptation task on two consecutive days that
consisted of walking while experiencing a perturbing force applied to the ankle. The level of pain during the task was
measured, and participants who reported pain were attributed to the Pain group and participants without pain to
the No Pain group. Learning performance was assessed by measuring ankle kinematics (Mean plantarflexion abso-
lute error) and learning strategy was assessed by measuring the Relative timing of error and the tibialis anterior (TA)
electromyographic activity.

Results: Twenty-five participants took part in the experiment. Eight (32%) were excluded because they could not be
included in either the Pain or No Pain group due to the intermittent pain, leaving eight participants in the Pain group
and nine in the No Pain group. Both groups were similar in terms of baseline characteristics. Musculoskeletal pain had
no influence on learning performance, but the learning strategy were different between the two groups. The No Pain
group showed a TA activity reduction before perturbation between the days, while the Pain group did not.

Conclusion: Some barriers were identified in studying musculoskeletal pain including the high rates of participants’
exclusion, leading to a small sample size. However, we showed that it is feasible to investigate clinical pain and motor
learning. From the results of this study, musculoskeletal pain has no influence on motor learning performance but
influences the learning strategy.

Introduction

Pain is one of the most common and disabling symp-
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functional recovery than patients with similar injuries
but without associated pain [2].

Although it is well accepted that pain interferes with
motion, movement alterations observed in the pres-
ence of pain are often deemed to simply be a conse-
quence of anticipating and minimizing pain [3]. However,
basic research using experimental pain in humans have
shown that the interactions between pain and move-
ment is much more complex [4-9]. For instance, pain
influences the excitability of the primary and secondary
somatosensory cortex, the primary motor cortex and the
spinal cord [6, 9], structures involved in motor learning.
Using a force-field adaptation paradigm during walking,
experimental muscle pain in ankle dorsiflexors has also
been shown to alter the motor strategy used by healthy
individuals without affecting their task performance [10].
Specifically, participants relied less on anticipatory motor
strategies to adapt to the force perturbation when they
experienced pain [10]. Interestingly, such motor strategy
is retained when performing a transfer test the next day
without pain. The presence of pain while walking could
therefore interfere with the way we learn a new locomo-
tor task after a lower limb musculoskeletal injury, and
this may be associated with the poorer recovery reported
after musculoskeletal injury.

To our knowledge, only a few studies have evaluated
the effect of clinical pain on motor learning [11-14]. In
the upper extremity, no impairment in learning skills
were observed in people suffering from hand arthritis
[11], fibromyalgia [12] or complex regional pain syn-
drome [13]. As for the lower limb, Rittig-Rasmussen et al.
showed that participants with knee pain improved less
their performance when training to a shoulder elevation
tracking task than participants with neck pain [14]. There
was, however, no pain-free control group for comparison
which limits our ability to interpret these results [14].
To our knowledge, no study has evaluated the effects of
clinical pain during a task relevant to populations with
a lower limb injury such as locomotion, despite the fact
that experimental pain applied to ankle dorsiflexors or
around the ankle joint has been shown to impact on loco-
motor adaptation [10, 15, 16]. As a majority of patients
treated for an isolated ankle injury still report symptoms
1year after the injury and 61% of those patients still expe-
rience pain during walking 14 months after injury [1, 2,
17], it is important to better understand the impact of
clinical pain on locomotor learning.

Up to now, all studies interested in locomotor learning
have evaluated the effect of experimental pain on learn-
ing in healthy participants, but not in participant with
musculoskeletal pain. While experimental pain models
are useful tools to isolate the effects of pain on the vari-
able under study, they are not entirely representative of
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pain experienced by people with musculoskeletal inju-
ries [18]. Indeed, most experimental pain models have
a very short-term effect, whereas chronic musculoskel-
etal pain develops over a long period, which might affect
motor learning differently. However, there are many chal-
lenges associated with studying motor learning in clini-
cal populations with musculoskeletal pain. For example,
injury-related factors other than pain (e.g., stiffness, mus-
cle atrophy and joint degeneration) might impact motor
learning strategy. Additionally, it is difficult to know
in advance whether and for which participants the task
assessed will be painful [19], and if the above-mentioned
injury-related cofactors will be balanced between groups
of participants (pain vs no pain). Furthermore, the inten-
sity of clinical pain is known to be highly variable from
1 day to another in a given participant [20], which gen-
erates a particular challenge in motor learning studies
as skill acquisition and retention must be assessed on
different days. Whether pain is stable or not across days
appears to impact on retention based on experimental
pain studies [15, 16]. All these methodological challenges
probably explain why so few studies have focused on the
effect of clinical musculoskeletal pain on motor learning
so far [11-14], despite the clear clinical relevance of that
question.

Therefore, the first objective of this proof-of-concept
study was to determine the feasibility to obtain two
groups of participants affected by chronic ankle pain with
or without residual pain during walking, while otherwise
presenting similar characteristics (e.g., in terms of age,
anthropometric characteristics, type of injury, functional
performance, strength and range of motion). The second
objective was to explore the impact of chronic clinical
musculoskeletal pain on motor acquisition and retention
of a locomotor adaptation task by comparing participants
affected by isolated ankle pathology with residual pain
to participants also affected by isolated ankle pathology
but without any pain during walking. We looked at global
performance (quantity of movement error) and motor
strategy (anticipatory or reactive muscle activations)
while a force-field was repeatedly applied to perturb the
gait pattern. The hypothesis was that participants with
clinical musculoskeletal pain would use less anticipatory
and more reactive strategies during the gait adaptation
task than participants without pain, and that this would
carry over to the retention phase [15].

Methods

A convenience sample of 25 participants with isolated
ankle pathology took part in the experiment. All partici-
pants were recruited through the orthopaedic depart-
ment of a local hospital and the electronic mailing list of
employees and students at Université Laval. The ethics
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committee of the Centres intégrés universitaires de santé
et de services sociaux de la Capitale Nationale (CIUSSS-
CN) (rehabilitation and social integration section) and
of the Centre hospitalier universitaire de Québec granted
the ethical approval. All participants provided their writ-
ten informed consent.

Inclusion criteria were: 1) to be aged over 18; 2) to
be living with one of these two isolated ankle patholo-
gies: ankle fracture or ankle osteoarthrosis for at least
3months; and 3) to be able to walk for at least 20 min
without a walking aid. Exclusion criteria were: 1) to have
a history of chronic pain or presence of pain unrelated to
the ankle condition and 2) to have a neurological disorder
that could affect task performance.

Experiment
Baseline characteristics such as age, injury type and
anthropometric characteristics were first collected on
day one. Then, maximal ankle dorsiflexion strength
(using a dynamometer) [21] and maximal weight-bearing
dorsiflexion range of motion [22] were measured and
participants filled three validated self-reported question-
naires: the Lower Extremity Functional Scale (LEFS), the
Tegner Activity Scale (current level of activity) and the
Pain Interference Subscale of the Brief Pain Inventory
(BPI). The LEFS is a 20-item questionnaire assessing the
impairment of the lower-extremity musculoskeletal sys-
tem in everyday activities with a score ranging from 0
(minimal impairment) to 80 (maximal impairment) [23].
It has been validated in individuals with ankle patholo-
gies [23]. The Tegner Activity Scale evaluates work and
sports activities using a score ranging from 0 (maximal
disability) to 10 (full participation in sports) [24, 25]. The
BPI includes 11 items scored on a numeric 0 to 10 scale
where 0=no interference and 10 =total interference. The
mean score on the 11 items was reported [24, 25]. The
BPI was also completed on Day 2, to characterize the sta-
bility of pain experienced on Day 1 and Day 2 [26].
Thereafter, all participants performed a gait adapta-
tion task on two consecutive days, to assess both motor
acquisition (Day 1) and retention (Day 2). On each day,
they walked on a treadmill at 1 m/s [27, 28] while wear-
ing the robotized ankle foot orthosis (rAFO) on their
injured side [29]. The rAFO is a custom-designed elec-
trohydraulic ankle-foot orthosis that can produce sev-
eral types of force fields during walking [29]. It has been
used in several studies evaluating force-field adaptation
paradigm during walking [16, 30]. Detailed information
on the rAFO can be found in Noel et al. [29] During the
gait task, the level of ankle pain was rated verbally every
minute on a 0-10 numerical rating scale (0=no pain and
10=worst imaginable pain) and the mean level of pain
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during the task was reported. A familiarization period
(5min) preceded data collection.

Motor learning test

Details of the experimental procedures have been previ-
ously described by Bouffard et al. [10, 15, 16] For 5min,
participants walked on the treadmill with the rAFO while
no force field was applied to quantify baseline gait. For
the next 5min, the rAFO applied a force field resisting
ankle dorsiflexion during the midswing phase of each
stride (adaptation phase). The torque magnitude of the
perturbation was constant during the entire adaptation
phase. Participants were not told about the exact time
at which the force field would be turned on. They were
instructed to “overcome the perturbation in order to walk
as normally as possible” For the last 5min, participants
walked again without the force field to recover their nor-
mal walking pattern (washout). The rAFO actively can-
celled torques produced by its mechanical components
to minimise interference with gait pattern during base-
line and washout periods (i.e. force cancellation mode)
[31].

During the experiment, the ankle angle in the sagit-
tal plane was recorded by an optical encoder located on
the rAFO (encoder resolution is <1°) [29]. The torque
applied by the rAFO was measured by a load cell and the
heel contact (custom made foot switch placed under the
shoe) was recorded to calculate stride cycle duration. The
tibialis anterior (TA) muscle activity was recorded on
the trained lower limb using surface electromyography
(EMG). The electrodes were placed just below the calf
band of the rAFO, at 1/3 on the line between the tip of
the fibula and the tip of the medial malleolus as recom-
mended by the Surface Electromyography for the Non-
Invasive of Muscles (SENIAM) guidelines [32].

Variables of interest
Participants’ global performance (i.e., how much the par-
ticipant can cancel the effect of the force field) was char-
acterized using the Mean absolute ankle angle error. This
measure represents the difference in the relative ankle
angle curves between the baseline and the adaptation
phases. The motor strategy used by the participant to
overcome the force field during the adaptation phase was
characterized by 1) the Relative timing of error (a meas-
ure of the temporal center of error distribution relative to
the peak force command) [10] and by 2) the Tibialis ante-
rior EMG activity change before and after the perturba-
tion (peak force command [PEC]) (i.e., TA iopeforeprc and
TA iioasterprcs indicators of feedforward and feedback
control, respectively) [15].

Both the Mean absolute ankle angle error and the Rela-
tive timing of error were derived from generated error
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curves. Using the heel contact and rAFO control signals,
data were separated into individual gait cycles and tagged
as perturbed or non-perturbed strides. Ankle angle data
were low-pass filtered with a second-order zero-lag But-
terworth filter at 15Hz. With the use of the ankle angle
obtained from the optical encoder, the swing phase was
identified as described by Bouffard et al. [16] and time
normalized to 1000 points. A baseline swing phase ankle
angle template was then created by averaging 45 of the
last 50 baseline strides for each day (after removing the
5 most different strides from the mean). The ankle angle
error was then calculated by subtracting point-by-point
the baseline template values from each stride of the adap-
tation phase. The absolute value of ankle error of all 1000
swing phase points was averaged to define the Mean
absolute error. An increased Mean absolute error repre-
sents a lower motor learning performance. In addition,
changes leading to smaller (i.e., earlier) Relative timing of
error during the adaptation phase represent switching to
a more anticipatory strategy, while larger (i.e., later) val-
ues represent a more reactive strategy.

As for the Tibialis anterior EMG activity gains, EMG
data were digitally filtered with a second-order zero-lag
butterworth filter (bandpass 20-450Hz) and rectified,
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and the envelope was extracted using a nine-point mov-
ing average [33]. As EMG activity precedes movement
onset, the time window used for EMG analysis was
extended by 30% of the identified swing phase, starting
earlier to include the onset of TA stance-to-swing burst.

To quantify changes in TA activity during adapta-
tion, an EMG gain was calculated, consisting of a point-
by-point ratio between the TA activity of adaptation
divided by baseline (TAratio) (see Fig. 1 for an example).
EMG gains were then linearized using a log2 transfor-
mation. Mean gains before (TA ;opeforerrc) and after
(TA y60afrerpec) PEC were computed. For more details on
data analysis, see Bouffard et al. [10] All data were ana-
lysed using custom-made software written in MATLAB
(The MathWorks Inc., Natick, USA).

Statistical analysis

Participants who experienced pain constantly during
the adaptation phase on both Day 1 and 2 were assigned
to the Pain group (minimum pain at each time point
>1/10). Participants who did not experience pain dur-
ing the adaptation phase on both days were assigned to
the No Pain group. Participants who had intermittent
pain (e.g., >1/10 on Day 1 and<1/10 on Day 2) were

TA activity (au)

o2 TAratio before PFC
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Swing phase + 30%
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— Adaptation
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L J
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J

Fig. 1 EMG analysis. A Tibialis anterior (TA) activity during baseline (gray trace) and adaptation (black trace). B point-by-point ratio of the early
adaptation period's TAratios. PFC, peak force command; EMG, electromyography; HS, heel strike; TO, toe off
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excluded from statistical analyses. Personal and clinical
characteristics were compared between the Pain and No
Pain groups using Mann Whiney tests and x2 (e.g., age,
gender, anthropometric characteristics, functional per-
formance, strength, range of motion and pain during the
task). The stability between the perceived levels of pain
during the task on Day 1 and Day 2 was also evaluated by
comparing participant’s scores between the days for the
Pain group, using an Intraclass Coefficient Correlation
(ICC; Two-way mixed effects) and a paired t-test [34].
The number (%) of participants excluded from analyses
was reported as an indicator of protocol feasibility.

For the second aim, data from the Pain and No Pain
groups were compared using a three-way non-para-
metric ANOVA for repeated measures (NparLD; Time
[within subject]: Early vs. Late; Day [within subject]: Day
1 vs. Day 2 and Group [between subjects]: No Pain vs.
Pain) on the following dependent variables: Mean abso-
lute error, Relative timing of error and TAratios during
the adaptation period. Time was characterized as Early
adaptation (mean of strides 2-11 of the adaptation
phase) and Late adaptation (mean of strides 151-200
of the adaptation phase). NparLD analyses are particu-
larly relevant for small sample sizes and do not require
normality of the data [35]. Effect sizes were reported as
relative treatment effect (RTE). RTE is used to compare
causal effect of a treatment on outcome; the distribu-
tion of the two groups is compared based on mean ranks
and can thus be related to each other (>.71 or <.29: high
effect; >.64 or <.36: medium effect; >.56 or <.44: low
effect) [36].

Statistical analyses were conducted using the nparLD
and AOV packages of the R software, respectively (ver-
sion R.2.7.2; R Foundation for Statistical Computing,
Vienna, Austria). Mann Whiney test and x2 were con-
ducted in IBM SPSS Statistics (IBM SPSS Statistics 26,
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IBM Corp., NY, USA). Results are presented as means
+ standard errors of the mean (SEM). Considering the
exploratory design of this study and the statistical power
limitation due to the small sample size, we decided to
not apply correction for multiple comparisons for post
hoc analyses. Level of statistical significance was set at
p<0.05.

Results

Feasibility of obtaining pain and no pain groups that are
otherwise comparable

Of the 25 participants with ankle pathology who took
part in this experiment, 8 (32%) participants experienced
constant ankle/foot pain during the adaptation phase
on both Day 1 and 2 (Pain group, mean pain level and
standard deviation [sd]: Day 1 2.1+£1.3, Day 2 2.3+0.8)
and 9 (36%) participants did not experience pain dur-
ing the experiment (No Pain group). Participants who
reported intermittent pain (e.g., pain on Day 1 but not
on Day 2) during the experiment were excluded from
the analysis (=8 [32%]) as they could not be inte-
grated either in the Pain group or in the No Pain group
(Fig. 2). In the Pain group, 6 participants suffered from
an ankle fracture, one from ankle osteoarthritis and one
from talocalcaneal synostosis (mean number of days
since injury or onset of pain=167 £ 54 days). In the No
Pain group, all the participants suffered from an ankle
fracture (mean number of days since injury =138 433).
Participants’ characteristics are described in Table 1.
There was no statistical difference in terms of baseline
characteristics (all p>.05) except for the BPI (p<.05).
The mean level of pain experienced during the task in
the Pain group was moderately stable between the days
(ICC=.53). The mean level of pain was slightly superior
on Day 2 (Fig. 2) but was not significantly different from
Day 1 (Paired t-test p =.88).

Pain during the task

e Pain Group n=8
4 No Pain Group n=9
o Excluded n=8

4-
[ ]
3_
[ ]
o~ . LN J
? 2] o . °
o
(o]
14
0 8 T T T ]
0 1 2 3
Day 1

Fig. 2 Pain during the task at Day 1 and Day 2. Data are presented as mean values of each time points pain was assessed during the task, for each
participant. Only two No Pain group participants could be seen in Fig. 2 as they are all located at 0,0 except one participant
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Table 1 Characteristics of participants
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Pain group (n =8)

Gender (male; female)

Age (X £sd)

Height, cm (X £ sd)

Mass, kg (X £ sd)

Number of days since injury

LEFS (/80)

Tegner score (0-10)

Brief Pain Inventory (Day 1) (0-10)
Brief Pain Inventory (Day 2) (0-10)
Dorsi-flexor strength (N)
Dorsi-flexion (°)

Pain during the task (Day 1) (0-10)
Pain during the task (Day 2) (0-10)

3;5 3,6
5494139 43.6+146
1644+34 1699487
71080 716144
167 £54 138£33
5711142 6771738
2618 24+£17
2041.3% 0.7+£04*
15+0.7 0.7+04
12864349 15194395
258463 28067
20+£11 0

23407 0

No Pain group (n =9)

X+ sd: mean and standard deviation. * p <0.05

Impact of clinical musculoskeletal pain on motor
acquisition and retention

Motor learning performance

A significant main effect of both Day and Time (p=.03;
Relative treatment effect [RTE] Day 1=.57, Day 2=.43
and p=.005; RTE Early=.56 and Late=.44, respec-
tively) was found on the Mean absolute error: both
groups showed a decrease in Mean absolute error (i.e.,
improvement in global performance) between Day 1 and
Day 2 and between Early and Late adaptation. No main
effect of Group (p=.49; RTE Pain group=.54 and No
Pain group =.47) or interaction (Group x Time: p=.29;
RTE No Pain x Early=.52; No Pain x Late=.43; Pain x
Early=.62 and Pain x Late=.46 / Group x Day: p=.80,
RTE No Pain x Day 1=.54; No Pain x Day 2=.39; Pain
x Day 1 =.60 and Pain x Day 2 =.48) was found (Fig. 3).

Motor learning strategy

No main effect of either Day (p=.08; RTE Day 1=.56
and Day 2 = .44), Time (p=.88; RTE Early and Late =.50)
or Group (p=.36; RTE No Pain group=.45 and Pain
group=.55) and no interaction (Group x Time p=.76;
RTE No Pain x Early=.46; No Pain x Late=.44; Pain x
Early=.55 and Pain x Late =.56.44/ Group x Day p=.70;
RTE No Pain x Day 1=.53; No Pain x Day 2=.37; Pain x
Day 1=.60 and Pain x Day 2=.50) were observed on the
Relative timing of error (Fig. 3).

A significant Group x Day interaction was observed
on TA_ iopeforerrc @ =.01; RTE No Pain x Day 1=.64;
No Pain x Day 2=.50; Pain x Day 1=.41 and Pain x
Day 2=.46). The No Pain group showed a decrease
in TA, ioBeforerrc Petween Day 1 and Day 2 (p=.04;
RTE.64), while the Pain group did not show any change
(p=.94; RTE .41). No main effect of Group (p=.30; RTE

No pain group=.57 and Pain group =.44), Time (p = .47;
RTE Early=.48 and Late=.52) or Day (p=.23; RTE Day
1=.48 and Day 2=.52) were found, and no other inter-
action (Group x Time p=.99; RTE No Pain x Early=.55;
No Pain x Late=.59; Pain x Early=.42 and Pain x
Late = .46) were observed (Fig. 3).

There was a significant Time effect (p<.001; RTE
Early=.58 and Late=.42) for TA ,;,aferppc: there was a
decrease in TA_ i sserpec Detween Early and Late adap-
tation for both groups. There was no Day (p=.26; RTE
Day 1=.54 and Day 2=.46) or Group (p=.26; RTE
No Pain group=.57 and Pain group=.44) effects and
no interaction (Group x Time p=.60; RTE No Pain x
Early=.66; No Pain x Late=.48; Pain x Early=.50 and
Pain x Late=.37 / Group x Day p=.93; RTE No Pain x
Day 1=.61; No Pain x Day 2 =.54; Pain x Day 1 =.47 and
Pain x Day 2 = .40) (Fig. 3).

Discussion

Feasibility of obtaining pain and no pain groups that are
otherwise comparable

The first aim of this proof-of-concept study was to
determine the feasibility to obtain two groups of par-
ticipants with ankle pathology with or without residual
pain during walking to investigate the effect of clini-
cal pain on motor learning. We anticipated some chal-
lenges related to the study of musculoskeletal pain.
As expected, some were identified, notably the fact
that one third of participants could not be included
in either the Pain or No Pain group due to the inter-
mittent nature of their pain. It is hard to predict how
painful a given task will be for the participants and to
address this challenge in future studies, a larger sam-
ple size should be planned to account for the exclusion
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rate. Moreover, a minimal level of pain at inclusion
should be considered as an inclusion criterion i.e,
using an auto administered questionnaire, to attempt
to minimize the exclusion rate.The BPI score has been
shown to discriminate among musculoskeletal levels
of condition severity, future studies should explore if a
minimal BPI score could be used as an inclusion crite-
rion to ensure the presence of pain during the task and
determine the minimal BPI scores that correlate the
presence of pain during locomotor tasks [37]. We also
aimed to determine the feasibility to obtain two similar
groups of participants with isolated ankle pathology in
terms of baseline characteristics, because several fac-
tors other than pain may alter motor learning (i.e., time
since the injury, stiffness, muscle atrophy, joint degen-
eration) [6, 38—40]., In the present study, we compared
participants’ age, gender, height, mass, number of days
since the injury, maximal dorsiflexion ROM and dorsi-
flexor maximal strength. We did not identify any signif-
icant difference between the two groups, which could
be explained by the small sample size. However, our
results suggests that it is feasible to obtain two similar
musculoskeletal groups to investigate the effect of pain
on motor learning while controlling for other variables.

Impact of clinical musculoskeletal pain on motor
acquisition and retention

The second objective of this study was to determine
the influence of clinical musculoskeletal pain on motor
learning performance and strategy. According to our
results, musculoskeletal pain has no influence on global
learning performance. Both groups showed motor learn-
ing by decreasing their Mean absolute error between the
Early and Late stage and between Day 1 and Day 2. This
is in accordance with similar results of two previous stud-
ies on experimental pain and locomotor learning [10, 15].
In both studies, and using the same gait adaptation task
as in the current study, Bouffard et al. [10, 15] reported
that both groups (i.e., participants receiving experimen-
tal pain vs no pain) showed similar Mean Absolute Error
improvements over Time and Days. The few studies
that have investigated motor learning and musculoskel-
etal pain also concluded that motor learning is preserved
despite the presence of pain [11-13]. However, we can
question whether motor learning in injured people is
similar to that in healthy people, because looking at the
Relative Treatment Effects (RTE), the lack of difference in
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motor learning between the two groups may be due to a
lack of power. Indeed, small Main Effects were detected
(Time effect RTE .44, n=34 / Day effect RTE .43, n=34),
but small interactions were not (Group x Time RTE .43-
.62, n=18 and 16 / Group x Day RTE .39-.60, =18 and
16) [36]. In addition to the high exclusion rates, this sup-
ports the inclusion of a larger sample size when studying
clinical population.

As for the learning strategy, it was different between
the two groups. The No Pain group decreased their
TA tioBeforepec Detween Day 1 and Day 2, while the Pain
group did not. However, this change in motor strategy
was not supported by other variables such as the Rela-
tive timing of error, which limits the interpretation of
this result. The lack of TA activity change before the PFC
in the Pain group could be a protective motor behaviors
related to pain anticipation [4] as increased antagonist
corticospinal excitability have been observed during
painful movement preparation [4]. Also, both groups
showed a reduction of their mean TA ;,agerprc DetWeen
the Early and Late stage, but no Group effect or interac-
tion were found. However, just like for the Mean Abso-
lute Error, looking at Fig. 3 and at the RTEs, it is possible
that the absence of Group effect and interaction are due
to a lack of power.

Previous studies that have investigated locomotor
learning task and experimental pain reported increased
Relative timing of error in the presence of pain, reflecting
a motor strategy that relies less on feedforward mecha-
nisms, which did not occur in the present study [10, 15,
16]. The RTEs do not support the hypothesis of a lack
of power for this variable (Relative Timing of Error RTE
45-.55, no effect) [36]. Experimental pain studies usually
create a mean perceived level of pain of 5/10 [10, 15]. In
the present study, the mean perceived level of pain was
2.2/10 in the Pain group during the task. If pain inten-
sity influences the motor strategy, a lower intensity of
musculoskeletal pain may have affected the magnitude
of the effect measured in this study [6, 38—40]. The rela-
tionship between the pain subjective experience and the
extent of interference with the motor system (measured
for instance using transcranial magnetic stimulation)
is much debated. On one side, no correlation has been
observed between pain perception and pain-induced cor-
ticospinal excitability [7, 8, 41]. On the other side, when
comparing the effect of controlled nociceptive stimula-
tions, high intensity stimulations were found to result in

(See figure on next page.)

Fig. 3 Pain vs No Pain groups results. Results are presented by mean 4 SEM; TA: tibialis anterior, PFC: peak force command; Mean Absolute
error = significant Day and Time effects were observed (p <.05 and p <.01, respectively). Relative timing of error=no main effect of either
Day, Time or Group (all p>.05), and no interaction (all p>.05). TA iiogeforerrc = *Significant Group*Day interaction for TA ,iogeforeprc (0 =.014).

TA stioatterprc = Significant Time effect for TA  oarerpec (P <.001)
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more corticospinal inhibition than stimulations of lower
intensity [5]. Interestingly, the later study showed poten-
tial influence of cognitive factors on these pain-motor
system interactions, which could be an interesting avenue
to explore in future studies.

Strengths and limits

This proof-of-concept study is the first one to investi-
gate the influence of pain on motor learning during a
locomotor task in participants with musculoskeletal
ankle condition. As expected, we did encounter some
challenges related to the study of clinical musculoskel-
etal pain and made recommendations out of it. There
was a limited sample size due to the high data exclusion
rate (33%) and for some participants. These challenges
limit the extrapolation of our results, but there are very
few studies on clinical pain and motor learning, and
none investigated locomotion. This study therefore has
a unique contribution to the literature in addition to be
useful to help further research to be conducted.

Conclusion

From the results of this proof-of-concept study, mus-
culoskeletal pain had no influence on motor learn-
ing performance but influenced the learning strategy
used during the locomotor adaptation task, including
a greater tibialis anterior activity before gait pertur-
bation. Several barriers were identified for studying
musculoskeletal pain, including the high rates of data
exclusion because of some participants’ intermit-
tent nature of pain, leading to a small sample size that
might have affected the results. However, we were able
to recruit two similar group of participants affected
by isolate ankle pathology, with and without pain, and
showed that it is feasible to investigate clinical pain and
motor learning.
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