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Article

Functional electrical stimulation may
reduce bradykinesia in Parkinson’s
disease: A feasibility study

Livia Popa and Paul Taylor

Abstract

Objectives: This feasibility study investigated the effect of combined upper and lower limb functional electrical stimu-
lation (FES) to reduce bradykinesia in Parkinson’s disease (PD).

Method: Eleven people with PD and Hoehn and Yahr score 2—3 used FES to assist dorsiflexion and hand opening or fine
hand movements for 2 weeks. Outcome measures were the nine-hole peg test, box and block test, 10 m walking test,
Tinetti balance scale, modified Parkinson’s disease quality of life questionnaire (PDQL), SPES/SCOPA scale, and compli-
ance. All tests were carried out without FES. Comparisons were tested using the Student paired t-test.

Results: Two participants dropped out due to difficulty in using the equipment. Mean walking speed increased by
0.29m s~ ' (p=0.002), step length by 0.09m (p=0.007), and cadence by 19.8 steps min~' (p=0.045). Tinetti balance
score increased by 2.9 (p =0.006). There was an increase in the box and block test of 5.1 (p =0.025). The PD symptoms
score of the PDQL improved by 4.9 (p =0.013) and a reduction in SPES/SCOPA score of 5.7 (p =0.005) indicated a
reduced impact of PD.

Conclusions: FES produced clinically meaningful improvements in gait and upper limb function. Some participants found

using both interventions challenging and we would recommend that their introduction be staggered.
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Introduction

Functional electrical stimulation (FES) is a means of
producing an active muscle contraction controlled in
such a way to provide functional movement to assist
everyday tasks. It is most frequently used for correction
of dropped foot for individuals who have brain or spinal
cord damage with preserved nerve and muscle integ-
rity." 1 Electrical stimulation is applied to the
common peroneal nerve using skin electrodes placed
over the head of the fibula bone and the tibialis anterior
muscle. The stimulation is timed to the gait cycle using a
foot switch placed in the shoe, causing the foot to be
lifted when the foot is taken from the ground. The prac-
tical assistance this produces increases the safety of gait,’
improves walking speed,'' and is associated with an
improvement in quality of life measures.? Further, lon-
gitudinal studies have shown that FES users with non-
progressive conditions can also receive a training effect,
demonstrated by increased walking speed without FES
after several months of FES use.'" *

Parkinsonian gait is characterized by bradykinesia,
hypokinesia, and akinesia. This can severely restrict
mobility and increase the risk of falls. Mann et al.
hypothesized that FES, when used to produce dorsiflex-
ion may be a useful intervention to assist the initiation
of stepping,'* overcoming freezing in gait. In a feasibil-
ity study, seven people with Parkinson’s disease (PD)
who exhibited freezing in gait used an FES device for a
period of 2 months. The participants chosen for the
study did not have dropped foot, therefore allowing
the effect on freezing to be studied independently. The
study showed that FES use was associated with reduced
episodes of freezing, increased gait speed, increase
stride length and reduced incidence of trips and falls.
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Further, it was found that there was a training effect,
demonstrated by improved gait parameters, four weeks
after FES was withdrawn.

More recently, Popa et al. have attempted to exploit
the effect on bradykinesia and hypokinesia seen in the
lower limb (LL) to improve dexterity and speed of
movement in the upper limb (UL).">'® Electrical stimu-
lation was used to train the finger, thumb and wrist
extensors for 30 minutes per day for 10 days on the
most affected UL. Improvements were seen in the
nine-hole peg test (9-HPT) and in the vertical tapping
test (VTT), demonstrating that dexterity was bilaterally
improved; this may be due to an interhemispheric trans-
fer called “cross education.”'>"!” Initial experience with
UL stimulation has used stimulation to open the hand.
This was done because hand opening is required at the
initiation of a movement sequence when acquiring an
object. However, we have observed that people with PD
often have difficulty in producing fine movements of the
hand involved in a palmar grasp where the tips of
the index and middle fingers are brought together
with the thumb. This movement can be produced by
stimulation of the median nerve at the wrist and of the
ulnar nerve supplying the lumbricals on the dorsal face
of the hand.

The evidence to date indicates that people with PD
may benefit from both upper and lower limb stimulation
but to our knowledge, there are no reports of both inter-
ventions being used in combination. The aim of this
feasibility study was to explore the practicality of pro-
viding, in a standard clinical setting, combined upper
and lower limb FES treatment in PD, using a pragmatic
approach to selection of stimulation targets, determined
by the symptom presentation of the person with PD.

Method

The study was a prospective interventional clinical
feasibility study. The study was reviewed by the insti-
tutions ethical review process and was conducted fol-
lowing the principles outlined in the “Declaration of
Helsinki.”

Participants were identified by the hospital’s PD spe-
cialist nurse and invited to contact the researchers if
they wished to take part in the study. Volunteers then
attended an assessment clinic where they were assessed
using the following criteria. Inclusion criteria: aged 18
years or above; Hoehn and Yahr stages I-III under
medication; difficulty with gait; medically stable; able
to understand and comply with the protocol and give
informed consent. Exclusion criteria: other treatment
than standard oral drug therapy (deep brain stimula-
tion, Duodopa, apomorphine); atypical or secondary
parkinsonism; parkinsonism related to other neurode-
generative diseases; pyramidal and/or extrapyramidal

systems injuries; untreated or refractory epilepsy; preg-
nancy; cardiac pacemaker; radial, median, ulnar or
common peroneal nerve injuries; osteoarticular path-
ology that involves the forearm or leg bones or wrist,
elbow, knee, and tibiotarsal joint; malignancy or der-
matological conditions in the area of the electrodes;
severe cardiovascular disease; major cognitive impair-
ment or dementia.

Suitable participants were asked to return to the
clinic on two consecutive days to begin the study. On
the first day the outcome measures were performed. On
the following day participants were taught how to use
the FES device and followed up by telephone 2 days
later. If participants were experiencing difficulties an
extra clinic appointment was offered in the first week
of treatment. Final assessments were made 14 days
after beginning treatment. The 2 week treatment
period was chosen because clinically meaningful results
were seen after 10 days in our previous upper limb
study.'>'® Participants were allocated to one of two
groups based on clinical observation of hand function.
If the functional deficit was predominantly hand open-
ing they were allocated to the radial nerve stimulation
group (group 1), while if the deficit was predominantly
related to the manipulation of objects they were allo-
cated to the median/ulnar nerve group (group 2). In
each case the most affected upper and lower limbs
were treated. Group 1 received stimulation of wrist
finger and thumb extensors and group 2 received stimu-
lation of the intrinsic muscles of the hand (Figure 1).
The stimulation parameters were pulse width 180 us,
frequency 40 Hz, on time 5s, off time 5s, ramp time
2s. The current intensity was adjusted until a strong
but comfortable muscle contraction was produced.
Participants were asked to use the stimulator twice a
day starting with sessions of 10min on the first day,
15min on the second day, and 20 min on the third to
14th day. Both groups received common peroneal stimu-
lation in the swing phase of gait. Stimulation parameters
were: pulse width 180 us, frequency 40 Hz with the cur-
rent increased until dorsiflexion with mild eversion were
produced. Other stimulation parameters (rising and fall-
ing ramps, extension time an output waveform) were
adjusted to suit each individual in accordance with
standard clinical practice. Participants were asked to
build up use of LL stimulation over the two week
study, starting with short walks of 5-10 min, building
up to unlimited use by 2 weeks.

Stimulation was delivered using an ODFS® Pace
V1.2 using its cyclic exercise mode for the upper limb
and foot switch control for the lower limb (Odstock
Medical Ltd, Salisbury, UK).'"® For upper limb exer-
cises, 30 mm x 50 mm Pals Plus electrodes were used
while 50mm x 50mm Pals Platinum Blue electrodes
were used in the lower limb (Axelgaard, CA, USA).
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Figure 1. Electrode positions.

Both assessments were made at the same time of day
to ensure the same presentation of PD symptoms.
Assessments were made using the following:

e Hochn and Yahr (H-Y):' the severity of the disease
(0 =no symptoms, 5=incapacitated state).

e Modified Parkinson’s disecase quality of life ques-
tionnaire (PDQL):>° 37 items, scored with a five-
point scale covering four domains, a higher score
indicating better quality of life.

e SPES/SCOPA scale (short Parkinson’s evaluation
scale/scales for outcomes in Parkinson’s discase) sec-
tion A:*' a motor evaluation scale with 10 items each
with a range from 0 to 3. A lower total score indi-
cates better function.

e Box and block test (BBT):*> a measure of gross
manual dexterity. The total number of blocks trans-
ferred from one box to another in lmin was
recorded.

e 9-HPT:* a measure of fine manual dexterity. The
time taken to fill and then empty nine-hole peg
board with pegs was recorded.

e Tinetti balance evaluation (TBE):** a nine-item
scale, with a range from 0 to 1 or 0 to 2 each (the
total score: 16 =no symptoms, 0 =major balance
problems).

e 10-meter walk test (10-MWT):* the volunteer was
asked to cover a 10 m course over smooth flooring in
an open environment without FES. A single instruc-
tion, ““‘walk briskly but safely” was given. Two meas-
urements were taken and the mean walking speed,
stride length and cadence were calculated.

e Treatment compliance: device usage was recorded
using the ODFS® Pace data logger.

post FES

Comparisons were tested using the Student’s paired
t-test.

Results

Eleven people were recruited to the project (see demo-
graphic details in Table 1). However one participant
was unable to use upper limb stimulation due to an
arm injury. Two people dropped out, both because
they were unable to successfully use the equipment.
Table 1 also gives the participations opinions of the
treatment. Five people wanted to continue to use FES
following the trial.

The results for the upper limb are shown in Table 2.
Eight participants were allocated to group 1 (radial
nerve), while two were allocated to group 2 (medial
and ulna nerves). Both groups’ responded similarly to
treatment so the results were pooled. Statistically sig-
nificant increases in Box and Block score were seen on
the treated side with a strong trend seen in the reduc-
tion in the time to perform the 9-HPT. There was no
change seen in the non-treated UL.

Results of the lower limb tests are shown in Table 3.
Statistically significant changes were seen in walking
speed, cadence, steps taken over 10m, and stride
length indicating a training effect. A significant reduc-
tion was also recorded in the SPES/SCOPA score indi-
cating that PD specific motor function symptoms were
reduced. Similarly, a significant improvement was rec-
orded in the Tinetti Balance score. Table 3 also gives
the results of the PDQL. There were statistically signifi-
cant improvements in the Systemic Symptoms domain
with a strong trend to statistical significance in the
Social Function and Total scores, indicating that the
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Table |. Demographic data and participant opinions.

Time since Most Participant Participant
Age years diagnosis Hand effected Hoehn opinion lower  opinion upper Want to continue
No. (SD) Gender years (SD) dominance side and Yahr limb FES limb FES FES post study?
| 72 m 13 r I 3 dropped out
2 78 f 6 | I 25 not useful fairly useful no
3 72 m 4 r r 3 useful useful yes
4 74 m 6 r r 2 fairly useful fairly useful no
5 80 m 7 r r 3 very useful useful yes
6 70 m 3 r r 2 yes no yes
7 66 f 4 r r 25 not useful not useful no
8 74 m 9 r r 2.5 very useful no
9 77 m 3 | r 2.5 very useful very useful yes
10 63 f 2 r r 2 useful not useful yes
Il 80 m 4 r I 2 dropped out
73.3 (55) 8m 5.5 9 right 8 right HY2: 4 not useful: 2 not useful : 2 Yes: 5
3f (3.2) 2 left 3 left HY2.5: 4 fairly useful: |  fairly useful: 2 No: 4
HY3: 3 useful: 2 useful: 2 dropped out: 2
very useful: 3 very useful: |
dropped out: 2 dropped out:2
Table 2. Upper limb results.
Treated Treated Non treated
Treated hand  hand hand mean Non treated Non treated  hand mean
pre FES post FES difference p hand post FES  hand pre FES difference p
nine-hole peg test (s) 33.2 (5.9) 29.7 (5.1) —-35(#42) 0072 33.2(l0.3) 30.6 (5.0) 2.6 (5.6) 0.269
Box and block (n) 41.6 (6.7) 46.7 (7.7) 5.1 (46) 0.025 49.7 (9.9) 47.3 (6.6) 24 (4.7) 0.219

combined upper and lower limb treatment had a posi-
tive impact on quality of life.

Table 4 shows the stimulator usage. It appeared that
most participants did not use the stimulator all the time
but used it for a set walk each day. This was in part
because we asked participants to build up walking
gradually over the 2 week period. Hence the number
of walks each day is relatively low averaging about five.
A mean of 2350 steps were taken each day. The exercise
time was less than expected (9 hours) at around 5
hours.

Discussion

In this study modest improvements in upper limb
function were recorded. However, in contrast to our
previous study, we did not observe an effect on the
non-stimulated upper limb.'>'® This may be due to dif-
ferences between the protocols. In the earlier study,'
electrical stimulation was used for longer each day,
30 minutes, while in this study compliance with UL

stimulation was less than expected, averaging 21 min a
day. It is possible that the combination of UL FES with
FES with walking may have effected UL treatment
compliance. Further, the mean age of participants in
the present study at 73.5 years is older than either pre-
vious study (66.4 and 67.3 years).">!'® The first study
was also significantly larger with 26 participants.
Changes seen in this study were more marked in the
lower limb, with a substantial clinically meaningful
change in walking speed (>0.1m s™') being achieved
by all but one of the participants who completed the
protocol (Figure 2). Further, all five participants whose
initial walking speed was sufficiently reduced so that they
could be categorized as household walking only (<0.4m
s71), most limited community walking (0.4-0.58 m s~ ),
or least limited community walking (0.59-0.79m s~ ") all
changed their functional walking category.'*'® Four of
the five participants who wanted to continue FES use
were in this group, suggesting the intervention has great-
est impact on the slower walkers. Statistically significant
increases were also seen in stride length and cadence
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Table 3. Lower limb and quality of life results.

Pre FES Post FES Mean difference

mean (SD) mean (SD) mean (SD) p
Steps in 10m (n) 24.4 (8.7) 20.5 (8.5) -39 (43) 0.025
10 m walking speed (m s™') 0.82 (0.44) .11 (0.43) 0.29 (0.19) 0.002
Stride length (m) 0.90 (0.26) 1.08 (0.32) 0.18 (0.14) 0.007
Cadence (steps/minute) 100.8 (33.0) 121.2 (18) 19.8 (25.2) 0.045
SPES/SCOPA 12.1 (3.8) 6.4 (5.1) —5.7 (2.8) 0.005
Tinetti balance score 10.8 (3.5) 13.7 (3.3) 2.9 (2.3) 0.006
PDQL: PD symptoms 46.7 (10.6) 51.0 (7.9) 4.3 (l0.1) 0.236
PDQL: Systemic symptoms 20.7 (4.4) 25.6 (4.0) 4.9 (4.6) 0.013
PDQL: Social function 22.7 (5.4) 26.0 (3.8) 3.3 (44) 0.053
PDQL: Emotional function 324 (5.5) 34.6 (5.4) 2.1 (7.8) 0.439
PDQL: Total 122.4 (94) 137.1 (111) 14.7 (22.6) 0.087
Table 4. Adherence and dosage.
Steps,® n (SD) Walks,? n (SD) Walk time,© hours (SD) Exercise sessions,® n (SD) Exercise time,® hours (SD)

32,868 (9373) 76 (49) 8.6 (24) 429 (28.6)

49 (2.6)

Steps is the number of steps taken with FES.

®Walks is the number of times the stimulator is put into active mode to begin walking.
“Walk time is the total stimulation time, i.e. the swing phase of gait only.

9Exercise sessions is the number of times the stimulation is switched on in exercise mode.
°Exercise time is the total time of spent in exercise mode.

Figure 2. 10 m walking speed of each participant.

indicating improvements in both hypokinesia and improve. LL stimulation had a direct orthotic effect,
bradykinesia. assisting gait by increasing dorsiflexion and stabilizing

In contrast to the UL, LL electrical stimulation was  the ankle in early stance. The mean stimulation time
applied synchronized to the gait cycle and therefore in  was also greater than received in the UL. A possible
direct association with the function it was intended to confounding effect in understanding the mechanism



6 Journal of Rehabilitation and Assistive Technologies Engineering 0(0)

behind the reported gait changes may be the increased
amount of walking that was reported by some partici-
pants in the study period, compared to their normal
levels of activity. The protocol required that the time
spent walking was increased through the intervention
period. However, it is possible that FES use also
enabled greater activity. Several studies have investi-
gated the use of physiotherapy interventions aimed at
increasing activity and walking speed changes have
been reported.?** A weighted mean gain in walking
speed in these studies was calculated to be 0.11m s,
less than half the gain reported in this study, suggesting
that FES may have an additional effect.

In EMG studies by Cioni et al. it was identified that
there was a reduced activation of tibialis anterior (TA)
during the early stance and in the early and late swing
phase of the gait in people with PD who were in the “off-
medication” stage of their condition.?'* ** Stimulation to
correct dropped foot directly assists TA function while
the stimulation is active. However, our results indicate a
training or carry-over effect after stimulation was
removed. This may relate to increased TA and other
muscles strength due to hypertrophy but may also indi-
cate improved motor recruitment. In our earlier study,
we measured the excitability of the motor cortex using
transcranial magnetic stimulation (TMS) in 10 people
with PD, who used electrical stimulation of the forearm
extensors for 30 minutes a day for 10 days.'® A statistic-
ally significant increase in cortical excitability was
found, indicating that FES may improve recruitment
of voluntary muscles. However, it is also possible that
FES may have an impact at the spinal level. It has been
reported that there is a reduction in reciprocal inhibition
in PD associated with rigidity.*> Crone et al. demon-
strated disynaptic reciprocal inhibition in 74 neurologic-
ally intact subjects by showing the H reflexes induced in
the soleus muscle were inhibited by stimulation of the
common peroneal nerve.>* The effect was greatly
reduced in 39 patients who had spasticity except for
four people who had multiple sclerosis and were regular
dropped foot stimulator users. This suggests that regular
stimulation of the common peroneal nerve may preserve
this reflex and possibly increase the excitability of the
agonist alpha motor neuron.

The current work was conceived as a feasibility
study, so it presents some limitations. The study did
not have a control group, so it is possible that the
changes seen may be, at least in part due to a placebo
or Hawthorne effect. The intervention period was
shorter than might be envisaged in clinical practice pos-
sibly reducing the effect of the treatment. The outcome
measures were non-blinded. Also, there may be some
question over the accuracy of the observed changes, as
all but one of the second assessments were completed
by a different assessor to the first. Two participants

dropped out because of difficulties using the equipment.
This is a greater dropout rate than stroke or MS in our
experience.' > Setting up and teaching the participant
UL and LL stimulation at the same clinic appointment
was found to be demanding for some participants. In
clinical practice, it may be more effective to spend more
time introducing the treatment and to stagger the intro-
duction of UL and LL interventions by several weeks.

Several of the more able participants while noticing a
difference from the FES did not think it was sufficient
to be worthwhile with their current presentation of PD,
but thought it might helpful in the future. The least able
participant did not get a consistent response to FES
and it was often not possible to overcome freezing.
An association of FES therapy with additional cueing
techniques might overcome this difficulty.

A significant limitation was that the sample size was
small, limiting the power of the study. A sample
size calculation has been made based on data from
this and the previous observational study,'* based
on the repeated measures analysis of covariance
(rmANCOVA) method. The power calculation was
set up to estimate the sample size required to have a
90% chance of detecting a clinically meaningful change
in walking speed of 0.Im s ' relative to a control
group. The between subject standard deviation (SD)
for walking speed was 0.295m s~ with an upper con-
fidence limit of 0.36m s~'. The following assumptions
were made; alpha =0.05 (2 sides), power = 0.9, control
group mean 0.65m s~ ', intervention group mean
0.75m s', between subject SD (walking speed) =
0.36m s~ ', equal numbers in the treatment and control
group, and two pre- and two post-intervention meas-
urements. Analysis from the previous studies showed a
correlation between pre- and post-intervention meas-
ures and between follow up measures of r>0.85.
Conservatively we assume a correlation between
follow up measurements of r = 0.75, between base
line measurements of » = 0.60 and between base line
and follow up measurements of 0.75. This gives a
sample size of 94 (47 participants per group). This esti-
mate makes no allowance for drop outs from the study.
(STATA v.12, Statcorp, USA).

Conclusion

This study confirms the findings of previous studies that
FES can cause a clinically meaningful training effect on
bradykinesia in both upper and lower limb function in
people with PD and indicate that this is associated with
improvements in health related quality of life. Its appli-
cation is feasible for most people with PD but compli-
ance may be improved by a staggered introduction of
each modality. More experience is needed to determine
the best clinical methods, dosage and an appropriately
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powered study is needed to demonstrate the clinical
effectiveness of the intervention.
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