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Abstract

Despite improvements made in stroke rehabilitation, motor impairment and gait
deficits persist at discharge. New interventions are needed. Mirror therapy has
promise as one element of a rehabilitation program. The primary objectives were to
1) describe a bilateral, lower extremity mirror therapy (LE-MT) device and training
protocol and 2) investigate the feasibility of LE-MT. A LE-MT device was
constructed to train bilateral LE movements for 30 min, 3 times/week for 4 weeks,
as an adjunct to physiotherapy in three individuals post-stroke. Sessions were
digitally recorded and reviewed to extract feasibility measures; repetitions, rests
and session duration. Pre and post measures of gait and motor impairment were
taken. Two participants completed 100% of the sessions and a third completed 83%
due to a recurrence of pre-existing back pain. Repetitions increased and session
duration was maintained. Number of rests decreased for two participants and
increased for one participant. Participants reported fatigue and mild muscle
soreness but also that the intervention was tolerable. Positive gait changes included

increased velocity and decreased variability. LE motor impairment also improved.
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A bilateral LE-MT adjunct intervention for stroke is feasible and may have positive

effects. A history of low back pain should be a precaution.

Keywords: Health sciences, Medicine, Rehabilitation

1. Introduction

Impairments in strength, coordination, and balance lead to gait complications post-
stroke [1] and improving gait is the number one rehabilitation goal stated by
individuals with stroke [2]. Despite improvements made with rehabilitation, post-
stroke gait remains slower, more variable, and asymmetric compared to healthy
adults [3, 4, 5]. Therefore, new approaches to gait rehabilitation are required to
improve outcomes. It is likely that the most effective approach is comprised of
exercises and interventions that specifically address stroke-related deficits
contributing to gait dysfunction [6]. Mirror therapy (MT) has promise as one
element of such a multidimensional gait rehabilitation program. First used in the
mid-1990s to treat phantom limb pain [7], it has since been adopted for the
treatment of a variety of conditions including stroke [8, 9, 10].

The main goal of MT is to provide visual feedback about the affected limb
movement which is generated from the mirror reflection of unaffected limb
movement [11]. Visual information is critical to the performance and monitoring of
skilled movements including postural control [12] and gait [13]. Furthermore,
based on evidence of neuroplastic reorganization in the absence of sensory input, it
has been suggested that sensory input is integral to the preservation of cortical
representations and therefore motor function following stroke [14]. It is proposed
that MT acts to restore the correspondence between motor output (commands sent
to the affected limb) and sensory input (visual feedback of the affected limb
moving as commanded) [11], and thus enhances recovery of motor control in the
affected limb. Motor outcomes associated with upper limb MT include motor
recovery as measured by the Brunnstrom stages and Fugl-Meyer [15, 16, 17], and
improved speed and accuracy of movement [10] (see Thieme et al. [18],

Rothgangel et al. [19] and Ezendam et al. [20] for reviews).

Despite success with MT in the upper limb post-stroke, there is little work on the
benefits of MT for the lower extremities (LE-MT). One randomized controlled trial
(RCT) of a MT intervention that used ankle dorsiflexion movement for 5 days a
week, 2 to 5 h a day, for 4 weeks in individuals with chronic stroke reported
improved motor recovery and functional independence, but no difference in
functional ambulation category (FAC) [21]. A second RCT included six LE-MT
exercises for individuals with acute stroke for 30 min a day, six days a week, for
two weeks [22]. Findings included improved ambulation as measured by FAC but
no differences between groups in Brunnel Balance Assessment scores or motor

recovery [22].
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Both of these studies demonstrate the potential for LE-MT to improve motor
recovery, balance and gait outcomes post-stroke. But there is an opportunity for
improvement. Both previous MT studies employed unilateral movements of the
non-paretic LE only. The paretic LE remained inactive throughout the MT
intervention. We questioned whether bilateral LE movements could be combined
with MT to improve outcomes. Bilateral movement training of the upper
extremities post-stroke is associated with increased activation of the non-affected
motor cortex during paretic UE movements [23] and during MT [24] compared to
unilateral training. This is because bilateral movements involve a facilitory drive
from the intact hemisphere to increase excitability in motor pathways of the paretic
limb [25]. Therefore, we proposed that coupling bilateral LE movements with the
visual feedback about the affected LE movement provided by the mirror would
improve outcomes achieved with MT. Since the emphasis in MT is on the visual
feedback created by the mirror, the paretic LE movements occurring behind the
mirror (and obscured from the patient’s view) need not be exact. Rather, it is the
best attempt by the individual to move the LE [10] and the associated descending
motor command that are required [11].

Abnormal muscle activation timing, increased passive tone and spasticity act to
resist joint movement and interfere with voluntary motor control of the affected LE
following a stroke [26]. These factors may explain why the previous studies of MT
for the LE [21], [22] chose to train unilateral movement of the unaffected LE only.
Therefore, the challenge of our proposed combination of bilateral LE movement
training with MT was to design a device that facilitated movement of the affected
LE behind the mirror. Furthermore, it was important to determine whether such an
intervention involving bilateral LE movement could be tolerated by individuals
with stroke. To our knowledge, the combination of bilateral training with MT post-
stroke has not been investigated for the LE before. Therefore, the primary objective
of this study was to investigate the feasibility of a bilateral LE-MT intervention. A
secondary objective was to explore pre- to post- intervention changes in

spatiotemporal gait parameters and motor impairment.

2. Materials and methods

Participants were individuals with stroke receiving outpatient physiotherapy from a
private clinic. They were selected for inclusion in the study by their
physiotherapist, who was privy to the study objectives and intervention protocol.
To be included in the study participants had to: 1) be greater than 3 months post
unilateral stroke, 2) be able to walk independently for 10 m, and 3) have a Chedoke
McMaster Stroke Assessment (CMSA) leg and foot score of 2 or greater. The study
was approved by the local Research Ethics Board and all participants provided
written informed consent to participate in the LE-MT intervention and pre-post

assessments. After participants completed the study, separate informed consent
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was obtained to review their physiotherapy documentation. These clinical notes
were reviewed retrospectively to determine the number of physiotherapy visits and
types of exercises and training activities the participant received while enrolled in
the MT intervention.

2.1. Bilateral lower extremity mirror therapy device

Bilateral LE-MT is MT that involves volitional movement of the paretic LE behind
the mirror performed simultaneously with unaffected LE movement and has not
been studied previously to the best of our knowledge. The LE-MT device (Fig. 1a)
designed for the investigational purposes of this study cost approximately $500 in
materials and took 4 h to construct. The device includes a base constructed of wood
that securely houses the mirror in a vertical position and two slider boards on either

side which facilitate the bilateral LE movement. The base also houses a vertical

Fig. 1. The device used for the LE-MT intervention (a). The recording view of the intervention (b).
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wall made of styrofoam. Attached to the mirror and draped over the styrofoam
wall, is a black curtain which serves to obscure the affected LE movement from the

participant’s view.

2.2. Bilateral lower extremity mirror therapy intervention

The LE-MT intervention involved 12 sessions completed over a 4 week period.
The intervention sessions were conducted as an adjunct to each participant’s
conventional physiotherapy which continued throughout the study. Given the
eventual intended application of the current MT intervention (as one component of
a multidimensional gait rehabilitation program), administering MT as an adjunct to

participants’ usual therapy was appropriate.

The device was positioned so that the mirror was between the LEs with the affected
extremity obstructed from view by a black curtain. The participant’s feet were
secured in heel blocks of slider boards. In long-sitting, the participants performed
simultaneous bilateral LE flexion-extension movements at the hip and knee while
viewing the reflection of unaffected limb on the mirror’s surface. Participants were
instructed to perform the movements with the affected LE behind the mirror to the
best of their ability [10]. Participants were also instructed to perform as many
repetitions as they could, at their own pace and to take rests as needed. The goal for
session duration was 30 min but ultimately depended upon participant tolerance.
Since greater intensity of training (defined here by number of repetitions) enhances
functional recovery after stroke [27] participants were allowed to complete as

many repetitions as they could until fatigue or the 30 min was complete.

A study investigator (LC) observed all sessions for every participant. At the
beginning of each session, LC questioned participants about their tolerance of the
previous session and then monitored for fatigue throughout the session by
soliciting self-reported level of fatigue from the participant. MT requires that the
affected LE is obscured from the patient’s view so an illusion of intact movement
is created by the mirror. However, we required the ability to monitor the movement
of the affected LE behind the mirror in order to assess the number of repetitions.
Therefore, sessions were also recorded with a digital video camera positioned at
the individual’s midline in such a way that both LEs were in view (Fig. 1b). This
recording ensured an accurate count of repetitions performed and rest periods

taken.

2.3. Intervention feasibility

We were interested in determining the potential use of the bilateral LE-MT
intervention post-stroke. To verify the intervention’s potential use, we looked to

ensure that the desired bilateral LE movements could be completed by the
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participants and that the intervention was well tolerated. Therefore, we defined
feasibility as: a) adherence to the training protocol, b) an increase or maintenance
of the number of bilateral movement repetitions performed over the intervention
period, ¢) a maintenance or decrease in the number of rest periods accumulated per
session over the intervention period, and d) positive subjective report of tolerance

from the participants with stroke.

Feasibility measures were extracted from the session recordings. These were
viewed by a study investigator (LC) who recorded the number of repetitions
completed and the amount of rest periods taken. A repetition was defined as one
simultaneous and synchronous flexion and extension movement of both LEs. Out
of sync movements were not counted as this was believed to indicate the illusion
of MT was lost and thus the goal of MT was not being achieved. Comparable
range of motion in the affected limb to the unaffected limb was not expected but
some activation in the affected limb was required. A rest period was defined as a
stop from movement for any amount of time in excess of 10 s. A second study
investigator (SM) viewed 3 randomly selected recordings (one from each
participant) and recorded repetitions and rest periods using the same criteria. The
average percent difference in recorded repetitions and rest periods between

investigators was 1.1% and 5.7% respectively.

2.4. Measuring change in gait and motor impairment

To address the secondary study objective, gait and motor impairment were
measured before (BASE) and after (POST) completion of the LE-MT
intervention. Over-ground spatiotemporal gait parameters were measured with a
pressure-sensitive mat (Protokinetics, Havertown, PA, USA). Participants
performed 4 walking trials each at their preferred and fastest possible pace with
their customary gait aid (if applicable). The parameters were averaged over the 4
trials and included gait velocity, step length and swing time variability (standard
deviation, SD) [28], and step length and swing time symmetry [29]. Symmetry is
calculated as the ratio of the affected and unaffected limb values for step length in
centimeters and swing time in seconds, with the larger value in the numerator as
per published recommendations [29]. Stroke severity was characterized with the
National Institutes of Stroke Scale (NIHSS) [30] and motor impairment of the leg
was measured with the CMSA leg and foot [31].

Change scores were calculated for each of the measures over the LE-MT
intervention period as follows: CHANGE = POST — BASE. Changes in velocity
and variability were reported in terms of multiples of the meaningful clinical
importance difference (MCID) values; 6 cm/s for velocity, 0.25 cm for step

length variability and 0.01 s for swing time variability [32], [33]. Since MCIDs
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were not available for gait symmetry, changes were analyzed in reference to the
reported upper confidence interval thresholds for symmetry ratios in step length
(1.08) and swing time (1.06) [29]. A ratio greater than the threshold indicates

asymmetric gait.

2.5. Participants

Participant 1 was a 56 year old female 43 months post-stroke with left hemiparesis
and walked with a cane. Baseline NIHSS and CMSA scores are outlined in
Table 1. Her physiotherapy goals included improved balance and left LE function.
The intervention period lasted 29 days. During this period she received 9 visits of
physiotherapy which included treadmill, bike and elliptical training, balance
training, and strengthening of the LEs.

Participant 2 was a 48 year old female 54 months post-stroke with left hemiparesis
and walked with a cane. NIHSS and CMSA scores at baseline are summarized in
Table 1. Her therapy goals were to improve gait and walk without her cane. The
intervention period lasted 29 days. During this period she received 8 visits of
physiotherapy which included LE strengthening and stretching exercises, treadmill

and bike training, mobilization with activator pole, and balance training including

yoga.

Participant 3 was a 69 year old male 58 months post-stroke with left hemiparesis
and walked without an aid. Baseline NIHSS and CMSA values are outlined in
Table 1. The intervention period lasted 27 days. He received 2 visits of
physiotherapy during this period. After he completed the MT intervention and
POST assessment he discontinued his conventional physiotherapy for personal
reasons. As a result, he could not be contacted and therefore we were unable to

obtain retrospective consent specifically for the chart review.

Table 1. Summary of clinical measure scores.

NIHSS CMSA (leg/foot)
BASE POST BASE POST
Participant 1 4 3 5/4 6/4
Participant 2 4 3 5/4 5/4
Participant 3 5 4 5/5 5/5

NIHSS = National Institutes of Health Stroke Scale, CMSA = Chedoke McMaster Stroke Assessment.
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3.1. Intervention feasibility

The LE-MT intervention was completed with 100% adherence by Participants 1
and 2 with no adverse events observed during the sessions or reported by the
participants. Participant 3 completed 83% of sessions. He missed the final two
sessions due to an acute recurrence of pre-existing back pain. However, Participant
3 did return to complete the POST assessment session. All participants reported
fatigue following each session and mild muscle soreness the day after a session, but

also reported that the intervention was tolerable.

The number of movement repetitions, rests and session duration per LE-MT
session are displayed for each participant in Fig. 2. The number of repetitions

(mean (standard deviation)) was greater in the final session (937 (141)) compared
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Fig. 2. Performance during LE-MT intervention. a. duration of each LE-MT session; b. number of
repetitions completed per LE-MT session; and c. number of rest periods taken per LE-MT session for

Participant 1 (solid line), Participant 2 (dotted line), and Participant 3 (dashed line).
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to the first session (531 (44)) across all three participants. The number of rests for
the first and last session was 6 and 31 for Participant 1, 10 and 1 for Participant 2
and 12 and 11 for Participant 3, respectively. Session duration increased from the
first session to the last (Participants 1 and 3), or was maintained at 30 min

throughout the intervention period (Participant 2).

3.2. Observed performance during LE-MT

For Sessions 1 through 7 Participant 1 completed movement repetitions and took
rests as needed until she ultimately terminated the session due to fatigue. For
Sessions 8§ through 12 Participant 1 performed repetitions in blocks of 25 which
was always followed by a rest. This pattern would carry on until she terminated the
session due to fatigue. Participant 2 completed movement repetitions and took rests
as needed until the session duration goal of 30 min was reached. She performed the
repetitions in this manner for all MT sessions. Participant 3 completed movement
repetitions and took rests as needed until he either terminated the session due to

fatigue (sessions 1 and 3) or until the session duration goal of 30 min was reached.

-
o
o

©
o

Velocity (cm/s)
<]
o

70
60 y
BASE POST
b. c
12 0.09
0 b s o Bt ieceeusanasnssnansnnnsnssusssrnssssanasesnsans -
S0 Gt - :
3 ¢ 2
£ 6 R R e -
5 =
R S 2 003
AP - e
2 w
0 j 0.01 y
BASE POST BASE POST
d. e
15 -
................................................. -
1.4 § 1.3
................................................ -
%1.3 % 12 I
1.2
l.‘c1 ] 14 11 e
A ST=1.08 ST=1.06
. - 1.0
09 i 0.9 } i
BASE POST BASE POST

Fig. 3. Spatiotemporal gait parameters (a. gait velocity; b. step length variability (SD); c. swing time
variability (SD); d. step length symmetry; e. swing time symmetry measured at each assessment time
point (BASE and POST) for the preferred pace with usual walking aid condition for Participant 1 (solid
line), Participant 2 (dotted line) and Participant 3 (dashed line). SD = standard deviation; ST = symmetry
threshold.
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3.3. Changes in gait and motor impairment

Gait parameters (velocity, variability and symmetry) measured at BASE and POST
are summarized in Fig. 3 (preferred pace condition) and Fig. 4 (fast pace condition)
for all three participants. Change in gait parameters as measured by multiples of
MCID values for each participant are summarized in Table 2. Motor impairment
scores (NIHSS and CMSA) at BASE and POST are summarized for each
participant in Table 1.

4. Discussion

This study demonstrated that a 4 week bilateral LE-MT adjunct intervention can be
administered to individuals with chronic stroke. By the last LE-MT session, all
participants performed a greater number of repetitions compared to their initial
session. It is important to emphasize that this intervention combined MT with
bilateral training of LE movements which to our knowledge is the first post-stroke
MT intervention for the LE to do so. While previous MT interventions for the UE
incorporated bilateral movements [10], those for the LE have employed unilateral

movement of the unaffected limb only [21], [22]. In the present study, participants

a.
140
’(-’; - — -
T2 __ o cmee--- .
S
2100 L ettt .
(%3
S
2 80
60 :
BASE POST
b. c.
12 0.08
LTS (R o . e .
g O g oo
2 7]
42; e o004 e mmm == -
Y ;, /
E', 2 T == g 0.02
& (2]
[2]
0 ‘ o |
BASE POST BASE st
d. e
1.50 15
140 ..... Y 14
©1.30 geeemerserserssest s S 13
S [0
©1.20 & 12
1.1
1.10
== = = — —¢ ST=108 1
1.00 o
e y 0.8 :
BASE POST BASE POST

Fig. 4. Spatiotemporal gait parameters (a. gait velocity; b. step length variability (SD); c. swing time
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point (BASE and POST) for the fast pace with usual walking aid condition for Participant 1 (solid line),
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Table 2. Summary of change in gait parameters from BASE to POST measured in multiples of MCID and symmetry upper thresholds.

Change in velocity in multi- Change in step length variability Change in swing time variability Change in step length symmetry Change in swing time symmetry
ples of MCID (6 cm/s) in multiples of MCID (0.25 cm) in multiples of MCID (0.01 s)  with respect to normal threshold with respect to normal threshold

(1.08) (1.06)
preferred fast preferred fast preferred fast preferred fast preferred fast
Participant 1 0.3 (-) 0.7 (+) 2.0 (-) 0.1 (+) 0.4 (-) 1.0 () n/c n/c worsened n/c
Participant 2 04 (+) 0.5 (+) 32(H#) 52 () 02 (+) 02 (+) n/c n/c n/c n/c
Participant 3 2.6 (+) 1.1 (4) 4.2 (+) 71 (+) 0.3 (+) 0.5 (-) improved n/c n/c n/c

Change scores of 1.0 MCIDs or greater are in bold for emphasis. MCID = meaningful clinical important difference, (+) = improvement of gait parameter, (-) = worsening of gait parameter, n/c =

no change to symmetry.
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demonstrated improved tolerance and endurance for bilateral MT training over the
intervention period. The number of movement repetitions performed by each
participant at their final MT session ranged from 820-1093, which is in line with
the lower end of repetitions associated with neuroplastic change and/or recovery in
animal models neurologic injury (i.e. 600 repetitions of UE movement and
600-1800 steps on a treadmill) [34].

Minor fatigue but no pain was reported during LE-MT sessions. Unfortunately, one
participant experienced an acute recurrence of pre-existing back pain outside of the
LE-MT intervention. Although the exact cause that precipitated this acute episode
was not identified, it is possible that it was related to the long-sitting position and
repeated bilateral hip flexion movements required by the intervention. Future work
will consider pre-existing back pain as a possible precaution for the LE-MT
intervention. Additionally, the next iteration of the MT device design and
intervention protocol will incorporate LE abduction/adduction movements that can
be alternated with the flexion/extension movement pattern. This will alleviate the
repetitive nature of current training protocol which may decrease the risk of
exacerbating a pre-existing chronic condition such as low back pain.

There was variation in the way participants performed the LE movements during
the sessions. During each session, Participants 2 and 3 would perform LE
movement repetitions until fatigue, take a rest and then recommence the LE
movement. This approach was associated with a steady increase in movement
repetitions and session duration over the 4 weeks. In contrast, Participant 1 started
out with this performance strategy, but switched to completing LE movements in
set blocks of 25 repetitions which were consistently followed by a rest. This
explains the sharp increase in the number of rest periods from Session 7 to 8. It
should be noted that while participants received standardized instructions to focus
on the mirror image of their leg and perform the bilateral movements to the best of
their ability, they were not instructed as to the number of repetitions to perform or
the manner in which to perform the movements (i.e. in set blocks repetitions or
repetitions to the point of fatigue). In keeping with the underlying purpose of
mirror therapy (i.e. to provide appropriate visual feedback of successful
movement), future work will include instructions to participants that prioritize
and reinforce the focus of attention on the mirror reflection of the leg rather than on

the number of movements performed in a session.

This study also demonstrated some changes in gait and motor impairment of the
leg. For instance, Participant 2 exhibited a decrease in step length variability at the
preferred pace. Participant 3 also showed decreased step length variability at
preferred and fast pace as well as increased velocity and improved step length
symmetry. Conversely, Participant 1 and 2 exhibited some negative gait changes

such as increased gait asymmetry and variability. Despite the negative changes in
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gait, all 3 participants exhibited an improvement in LE motor control as measured
by the CMSA (Participant 1) and the NIHSS; Item 6—Motor Leg (Participant 3) and
Item 7 — Limb Ataxia (Participants 1 and 2). This variation in responsiveness to
MT across individuals with stroke has been noted in a previous case series [35].
Ultimately, the effects of this bilateral LE MT intervention will need to be
evaluated in a randomized controlled trial.

The rationale for training in-phase LE movement in order to improve gait function
which features antiphase LE movement could be questioned. However, it is
important to emphasize two points. First we present this bilateral LE-MT
intervention as an adjunct to conventional physiotherapy which typically includes
ample practice of anti-phase LE movement during gait training. Second, the
ultimate goal of MT is to restore the motor command and visual sensory feedback
loop that has been disrupted [36]. The illusion of intact movement of the affected
LE combined with bilateral LE movement can only be created with in-phase LE
movement when employing a mirror. Future work could investigate the use of
virtual reality and motion capture equipment such that the movements of the
unaffected LE could be superimposed over the affected LE while performing anti-
phase movements during walking. However, such an intervention would be far less
accessible in the clinical setting compared to the present MT device. Finally, we
reported changes in the ataxia item on the NIHSS scale which is typically used
during the acute phase of stroke. Future randomized controlled trials will include a
specific measure of ataxia more appropriate to the subacute and chronic phase of

stroke.

5. Conclusion

Mirror therapy is a simple and inexpensive adjunct intervention. The current study
demonstrates that a bilateral LE-MT intervention is easily performed and well
tolerated by individuals with chronic stroke. This study differs from two previous
studies on LE-MT post-stroke; the present intervention combined mirror therapy
with bilateral LE movements whereas previous work employed unaffected LE
movements only. Further investigation of this adjunct intervention is warranted
while considering pre-existing back pain as a precaution. The results of the present
study will be used to guide refinement of the mirror therapy device and training

protocol and will also inform the design of a randomized controlled pilot study.
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