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Background: Footdrop is a significant problem in multiple sclerosis, reducing the safety and efficiency of
walking. Functional electrical stimulation (FES) can produce dorsiflexion, correcting footdrop. The pur-
pose of this retrospective analysis of clinical study data was to compare the effect of external and implanted
FES devices for the correction of footdrop.

Methods: External FES was used for a minimum of 6 months before implantation. Walking performance
was assessed using 10-m walking speed, 3-minute walking distance, the Physiological Cost Index, and
health- and device-related quality of life and device-use questionnaires. Assessments were made before
implantation and a mean (SD) of 128 (24) days after surgery, with additional walking speed measure-
ments at 3 years.

Results: Twenty-three people with multiple sclerosis received the STIMuSTEP implant. Both devices
enabled statistically significant increases in walking speed and walking distance, with a strong trend
toward a reduced Physiological Cost Index, indicating that walking required less effort (P = .07). Both
devices improved device-related quality of life. Walking speed gain with FES was maintained at 3 years.
Three implants failed after falls, and there was one case of neuropraxia. The implant was used more days
per week and was quicker to put on each day than the external FES device.

Concdlusions: The STIMuSTEP implanted dropped foot stimulator is an effective long-term intervention
Jor the correction of footdrop. Int ] MS Care. 2016;18:239-247.

ultiple sclerosis (MS) affects approximately
127,000 people in the United Kingdom.'

Approximately 31% of the total MS popu-

is increasingly being used. In these systems, dorsiflexion
is produced by stimulation of the common peroneal
nerve, timed to the gait cycle using a footswitch placed
in the shoe’ or a tilt sensor mounted on the lower leg.*

lation has walking difficulty, defined by an Expanded

Disability Status Scale score of 4 to 7, with the most | Skin surface electrodes are placed over the nerve as it

common walking problem being footdrop.? Although | passes over the head of the fibula or the popliteal fossa

traditionally an ankle-foot orthosis has been worn to and over the tibialis anterior muscle. Studies have shown

correct footdrop, functional electrical stimulation (FES) that FES can cause improved mobility, demonstrated by

improved walking speed, reduced walking effort, and
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reduced incidence of falls, leading to improved qual-
ity of life in people with MS and other conditions.>”
Functional electrical stimulation is a practical long-term
intervention that has been demonstrated to be cost-

effective.® It may have some advantages over the use of

Note: Supplementary material for this article is available on JMSC an ankle-foot orthosis due to greater ground clearance
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and reduced walking effort.”!
Although adherence to FES treatment is high,®!! for
a few patients, external FES systems can have disadvan-
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tages, which may limit their use. First, it is necessary
to correctly place the electrodes each day. This may be
mitigated to some extent by mounting electrodes on a
cuff worn around the leg. However, clinical experience
shows that not all FES users correctly place the cuff,
misaligning the electrodes with the nerve. Placing elec-
trodes correctly is also more challenging for people who
have reduced hand function. A further problem can be
skin irritation. The reported occurrence of skin irritation
varies, with one study reporting that 48.5% of device
users experienced irritation over a 42-week period,'?
while another study reported a prevalence of 2.4% at
all follow-up clinic appointments.'" Skin irritation can
usually be managed by changing electrode type, adjust-
ing stimulation parameters, or limiting the hours per day
or days per week that FES is used. However, effective
management is not always possible, and around 1% of
FES users discontinue use due to persistent skin irrita-
tion.? Finally, setting up external electrodes each day is a
burden that some FES users may want to diminish. In a
survey sent to 140 regular FES users, 66% reported that
they would consider an implanted FES device."

The STIMuSTEP implanted dropped foot stimulator
was developed by the University of Twente (Enschede,
the Netherlands) and Finetech Medical Ltd (Welwyn
Garden City, UK).!*" Two channels of stimulation are
used to stimulate the two branches of the common pero-
neal nerve. The deep branch produces dorsiflexion and
inversion, and the superficial branch produces eversion
and plantarflexion of the foot. By adjusting the relative
proportions of stimulation to each nerve, the movement
of the foot can be controlled. The device consists of a
passive receiver that receives stimulation pulses from an
external controller strapped to the leg over the receiver,
via close-coupled radio telemetry. The device uses epi-
neural electrodes (a 9 x 2.75 x 0.8-mm assembly with
a 1-mm diameter separated by 5 mm). The device is
controlled using a pressure-sensitive footswitch placed in
the shoe.

This article reports our experience in providing the
STIMuSTEP implant as a clinical service in the United
Kingdom’s National Health Service.

Methods

This study is a retrospective analysis of clinical data
from all people with MS referred to the FES service for
the STIMuSTEP implant between 2006 and 2013. The
selection criteria for STIMuSTEP use were the same as

those for external FES use®: single or bilateral footdrop
due to MS defined as a deficit of dorsiflexion and/or
eversion of the ankle and the ability to stand from sitting
and walk at least 10 m with appropriate aids but without
assistance from another person. Contraindications to
external FES were poorly controlled epilepsy, the pres-
ence of active implanted devices, pregnancy, and cancer
in proximity to the area of the electrodes. An additional
selection criterion for the STIMuSTEP was that external
FES had been used for a minimum of 6 months. This
was to ensure that FES provided useful assistance with
walking. It also allowed those who had sufficient ben-
efit from external FES to avoid an unnecessary surgical
procedure. However, one study participant used external
FES for only 3 months because although effective foot-
drop correction was demonstrated, poor hand function
prevented the effective daily application of electrodes
and, hence, the trial of external FES was stopped early.
Further additional contraindications were diabetes,
immunosuppressive drug use, and any standard medical
factor that increased the risk of surgery under general
anesthesia.

The procedure was performed in day surgery under
general anesthesia by a plastic surgeon (J Hobby, MSK,
or DEMS-S). Surgery took 45 to 90 minutes and
was performed using loupe magnification. The com-
mon peroneal nerve was exposed via a 6-cm incision
at the head of the fibula. An intraoperative stimulation
probe was used to identify the branches of the nerve by
observing the movement of the foot. Multiple locations
around the nerve were tested until sites that produced
dorsiflexion without excessive inversion/toe extension
and eversion without excessive plantarflexion were
found. Microscissors were used to make an incision in
the epineurium, and a subepineural pocket was cre-
ated. The electrode was slid into the pocket and held in
place by polypropylene 6.0 sutures to the epineurium
at the neck of the electrode and tags, 10 mm from the
electrode. A subcutaneous pocket was created posterior
and slightly inferior to the fibula head, into which the
implant receiver was sutured in place. Before closure, the
response was tested using the STIMuSTEP controller.
The relative proportion of stimulation to the two nerve
branches was adjusted until dorsiflexion with moderate
eversion was produced. The response was tested with the
knee in both flexion and extension to ensure that a con-
sistent response was obtained.
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After wound closure, the site was covered using a
surgical dressing, and the leg was bandaged from the
foot to above the knee to give compression and support.
The dressing was changed to a lightweight dressing after
1 week. Three weeks were allowed for healing, after
which the external controller was set up for walking by
a clinical scientist (PNT) or a physiotherapist (IAWH).
Follow-up was provided 4 weeks after setup, 3 months
after that (20 weeks after surgery), 6 months later, and
then yearly for as long as the device was used.

Walking performance was assessed using 10-m
walking speed and the Physiological Cost Index (PCI;
an estimate of walking effort derived by dividing the
increase in heart rate measured at the end of a walk rela-
tive to the resting heart rate before walking by walking
speed) and 3-minute walking distance and PCI.?2*%!
Ten-meter walking speed was measured over a 12-m
straight course, with 1 m at each end for acceleration
and deceleration. Two walks without FES were followed
by a walk with FES. The first walk was used as a warm-
up walk, and the second and third walks were used for
data analysis. A single instruction to “walk briskly but
safely” was given. For the PCI measurement, heart rate
was recorded at the end of each walk using a Polar heart
rate monitor (Polar Electro Inc, Lake Success, NY).”!!
The 3-minute walking distance was measured by walk-
ing repeated lengths of a room 14.2 m long. Heart rate
was recorded at the end of the walk. No instruction was
given except that participants could stop before the end
of the 3 minutes if they became tired.

Health-related quality of life was measured using the
36-item Short Form Health Status Survey question-

> and device-related quality of life was recorded

naire,?
using the Psychosocial Impact of Assisted Devices Scale
(PIADS).”* Participant experience using the devices was
assessed using custom-designed questionnaires (Supple-
mentary Appendix 1, published in the online version
of this article at ijmsc.org).?**> All the assessments were
made at the preoperative assessment and again 20 weeks
postoperatively. Ten-meter walking speed was also
recorded at subsequent follow-up assessments.

The hospital’s charge throughout the study period for
delivery of the STIMuSTEP was £6442 in the first year
and £351 per year thereafter for annual follow-up and
device maintenance. The hospital’s charge for the exter-
nal device was £1640 in the first year and £300 per year

Implanted FES for Footdrop in MS

thereafter.® This work was performed in accordance with
the Declaration of Helsinki.

Analysis

The following comparisons were made for 10-m
walking speed, 10-m PCI, walking distance in 3 min-
utes, and PCI in 3 minutes®: orthotic effect (the differ-
ence in a parameter between walking with and without
FES assistance on any same occasion), training effect
(the difference in a parameter between walking without
FES before implant and without FES at a later date),
and total orthotic effect (the difference in a parameter
between walking without FES before implant and with
FES at a later date). The difference between orthotic
effects before and after surgery was used to demonstrate
equivalency of the two devices.

The number of participants achieving a clinically
significant change in walking speed was calculated using
three methods. This was to enable comparison with
published studies for external FES and also with the
Miller et al.?** model for the prediction of decline in
walking speed in MS. Pereira et al.”” determined that
the minimum change that was clinically meaningful
was 0.05 ms™', and a substantial change was 0.1 ms™ or
greater. Perry et al.”® related walking speed to functional
independence, defining people with a walking speed
of less than 0.4 ms™' as household walkers, 0.4 to 0.58
ms™' as the most restricted community walkers, 0.58 to
0.8 ms™ as the least limited community walkers, and
more than 0.8 ms™ as nonlimited community walkers.
Finally, Kaufman et al.” determined that a meaningful
change in 25-foot walk time for MS was 20%, which
equates to a change in walking speed of 16.67%.

The data were explored for normal distribution, and
it was found that some data sets were nonnormally dis-
tributed. Hence, except for demographic data, nonpara-
metric analysis is used. Results are presented as median
with 95% confidence interval. Change was calculated as
the median of the differences and was tested using the
Wilcoxon signed rank test using Minitab 14 statistical
software (Minitab Inc, State College, PA). A significance
level of P = .05 was used.

Results

Twenty-three people with MS received the STIMu-
STEP implant (Table 1). All the participants achieved
effective correction of footdrop using the implant, dem-
onstrated by the production of dorsiflexion and eversion
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Table 1. Demographics, assistive device use,
reason for receiving the implant, and reasons
for discontinuing use (n = 23)

Characteristic Value

Sex, M/F, No. 10/13

Age at implantation, mean (SD) [range], y  56.5 (11.3) [32-79]
Time since diagnosis, mean (SD) [range], y  17.3 (11.5) [5-46]
Time external FES used, mean (SD) 29.0 (19.1) [3-70]
[range], mo

Assistive device use (full or part time), at

assessment/at 20-wk follow-up, No.

(n=17)
Walking stick 9/10
Walking frame 2/3
Crutches 3/4
Wheelchair 3/4
Ankle-foot orthosis 2/3
Assistance from another person 2/3
Reason for changing from external FES to
the STIMuUSTEP, No.
Difficulty placing electrodes M
Skin irritation 9
Convenience 3
Side implanted, No.
Left 1
Right 9
Bilateral 3

Time of implant use (Jan 2015), mean (SD) 4.2 (2.0) [1.0-8.4]
[range], y

Time of implant use by reason for

stopping, No.

MS progression 2(2.1and 4.3
y, both bilateral
STIMuSTEP)
Death 1(3.5y)

Abbreviations: FES, functional electrical stimulation; MS, multiple
sclerosis.

when the device was used, enabling a heel strike and safe
walking in the clinic and at home. The mean (SD) time
from preoperative assessment to surgery was 142 (104)
days. The follow-up assessment was a mean (SD) of 128
(24) days after surgery, giving a total mean (SD) time
between assessments of 270 (107) days.

For 10-m walking speed, 20 complete sets of data
were available for analysis. One preoperative assess-
ment record was lost, one postoperative assessment was
delayed by a relapse, and a third postoperative assess-
ment was delayed by a fall (see the Adverse Events sub-
section later herein). In addition, two sets of 3-minute
walking data were missing at baseline. Further PCI data
were missing because of recording device failure or the

use of B-blockers, preventing the reliable measurement

of heart rate change in response to exercise. In addition,

some questionnaire data were not recorded.

Comparisons After 18 Weeks of
STIMuSTEP Use

Both external and implanted devices gave a sub-
stantial clinically meaningful increase in walking speed
(external FES: 0.125 ms™!, P < .001; implanted FES:
0.130 ms™', P < .001) with no significant difference
between the devices (0.01 ms™!, P = .627) (Table 2).
Although there was no significant change in walking
speed over 270 days when not assisted by FES (train-
ing effect: -0.037 ms™, P = .235), five participants did
experience a reduction of more than 16.67%. This is
in line with the Miller et al.** model prediction for 270
days of seven people with MS (37%) (95% confidence
interval, 5-9), suggesting that receiving the implant did
not adversely affect the progression of MS. However,
three participants did achieve a training effect, increas-
ing their walking speed by more than 16.67%, and ten
walked faster than 16.67% when either device was used.
Using Pereira et al.’s” definition of clinically meaningful
change in walking speed, 16 participants achieved either
a small or a substantial clinical change using external
FES and 15 using the implant. Six participants walked
fast enough with external FES to improve their func-
tional walking category, and nine achieved this using the
implant. A summary of clinically meaningful changes is
given in Table 3.

Both devices enabled a statistically significant increase
in walking distance in 3 minutes relative to no device
(external FES: 27 m, P < .001; implanted FES: 28 m,
P < .001) (Table 2). The PCI showed a strong trend
toward a reduction in walking effort before (P = .070)
and after (P = .069) surgery when measured over 10 m.
There was no reduction in the PCI when measured over
3 minutes (Table 2).

Overall, there were no differences in 36-item Short
Form Health Status Survey scores between devices
(Table 4), and both devices improved device-related
quality of life (PIADS) (Table 5).

Complete device use experience questionnaire data
were available for 17 participants. There was an increase
in the mean (SD) number of days per week that FES
was used from 4.3 (2.9) with the external FES device
to 6.5 (0.9) with the STIMuSTEP (P = .006). Both
devices were used in similar activities of daily living

except for work, where the STIMuSTEP was used by
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Table 2. 10-m walking speed, 10-m Physiological Cost Index (PCI), 3-minute walk distance, and

3-minute walk PCI

Postop Postop
Preop (mean, (mean, Pre-post
Preop with 128 d) 128 d) with Orthotic difference Total

without  external  Orthotic  without implanted effect orthotic ~ Training  orthotic
Variable FES FES  effect preop  FES FES postop effect effect effect
10-m walking speed, ms™' (n = 20)
Median 0.675 0.831 0.125 0.613 0.775 0.130 0.010 -0.037 0.085
95% confidence  0.505to0  0.670to  0.075to  0.480to  0.595to0  0.080to -0.055to -0.095to 0.035to
interval 0.800 0.970 0.175 0.775 0.875 0.180 0.045 0.015 0.145
P value <.001 <.001 .627 .235 .035
10-m PCI, hbm™ (n = 14)
Median 0.460 0.380 -0.07 0.510 0.445 -0.060 -0.015 0.020 -0.0125
95% confidence  0.340to  0.310to  -0.285to0 0.370to  0.310to  -0.110to -0.055to -0.130to -0.195 to
interval 0.690 0.535 0.01 1.025 0.900 0.005 0.130 0.195 0.185
P value .070 .069 .650 754 .851
3-min distance, m (n = 18)
Median 100 132 27.0 92.5 125.5 28.0 0.5 -4.5 235
95% confidence 75 to 103.5 19 to 71.0 to 95.5to 19 to -9.5to -12to 13.5to
interval 123 to 159 42.5 116 153 38 8.0 2.0 34.5
P value <.001 <.001 931 156 .001
3-min PCl, hbm™" (n = 15)
Median 0.673 0.720 -0.020 0.785 0.695 -0.010 0.0325 -0.01 -0.035
95% confidence  0.545to  0.470to -0.240to  0.560 to 0.510to -0.130to -0.220to -0.32to -0.275to
interval 0.980 1.030 0.195 1.13 1.200 0.100 0.260 0.350 0.350
Pvalue .906 .828 724 >.99 906

Abbreviations: FES, functional electrical stimulation; hbm~', heartbeats per meter; PCI, Physiological Cost Index; postop, postoperative;

preop, preoperative.

eight participants, three more people than external
FES. Participants were asked to identify from a list of
13 possible responses their reasons for using FES. The
reasons identified were the same for both devices (n =

Table 3. Number of participants who changed
their walking speed when walking with and
without FES sufficiently to be considered a
clinically meaningful change (N = 20)

Preop Postop

exter- (mean, 128

nal FES d) implanted Miller Total
orthotic FES orthotic Training prediction orthotic

Variable effect effect effect  (95% Cl) effect
>16.67% 10 10 3 7
<16.67% 0 0 5 7 (5-9) 0
FWC + 6 9 1 6
FWC - 0 0 4 0
SmCD + 4 3 3 4
SubCD+ 12 12 2 7
SmCD - 0 0 3 1
SubCD - 0 0 6 1

Abbreviations: Cl, confidence interval; FES, functional electrical
stimulation; FWC, functional walking category; postop, postopera-
tive; preop, preoperative; SmCD, small clinical difference (0.05 to
<0.1 ms™); SubCD, substantial clinical difference (0.1 ms™); +, the
number who increased; —, the number who decreased.

external/implanted), with the most commonly cited
being reduced the effort of walking (17/17), reduced
trips or falls (17/16), increased confidence while walking
(17/15), walked further (14/15), walked faster (14/15),
and greater independence (14/14). Participants were
asked to rate the sensation they experienced from each
device on a visual analogue scale. There was no signifi-
cant difference in the mean (SD) score for each device:
external FES, 4.8 (1.6) and the STIMuSTEP, 4.3 (1.6)
(P = .41), where 10 is a very strong sensation and 1 is no
sensation. When asked if they agreed with the statement
that the sensation from each device was comfortable, 11
external FES and 14 STIMuSTEP users agreed and two
external FES and one STIMuSTEP user disagreed with
the statement. All the participants agreed or strongly
agreed with the statement, “I am glad I have the external
FES (or STIMuSTEP),” with four more strongly agree-
ing with the statement relating to the STIMuSTEP.
Participants were asked to estimate the time it took them
to put on each device. The mean (SD) estimate for the
external FES device was 15.0 (11.3) minutes and for the
STIMuSTEP was 2.6 (1.8) minutes (P < .001).
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Table 4. 36-item Short Form Health Status Survey quality of life (n = 18)

Physical Role limit General Role limit Energy Emotional Social
functioning  physical Pain health emotional fatigue well-being functioning
Preop
Median 27.5 50.0 77.5 62.5 100 50.0 78.0 75.0
95% confidence 17.5t037.5 25t062.3 67.3t085.0 52.5t075.0 66.7to100 40.0t062.5 66.0to88.0 56.3to 100
interval
Postop
(mean, 128 d)
Median 30.0 50.0 72.5 55.0 60.7 50.0 78.0 75.0
95% confidence 22.5t040.0 25.0t087.5 56.3t085.0 45.0t065.0 50.0to 100 40.0to 62.5 66.0to 88.0 56.3 to 87.5
interval
Preop to postop 0.0 0.0 -5.0 -5.0 0.0 -2.5 0.0 0.0
difference
95% confidence -7.5t0 10.0 -12.5t037.5-17.5t010.0 -20.0to 2.5 -33.3t0 0.00 -10.0t0 5.0 -6.0t08.0 -18.8t0 18.8
interval
Wilcoxon P value 975 .600 .394 211 .106 .623 .816 .826
Abbreviations: postop, postoperative; preop, preoperative.
Note: A higher value indicates a better health-related quality of life.
Table 5. Psychosocial Impact of Assistive Devices Scale scores (n = 17)
Preop Preop Preop Postop Postop Postop
competence  adaptability self-esteem competence adaptability self-esteem
Median 1.750 1.420 1.438 1.585 1.335 1.439
95% confidence interval 1.500 to 2.000 1.080 to 2.000 1.063to 1.750 1.290t01.920 0.913t01.750 1.063to 1.813
Preop to postop difference -0.040 -0.085 0.125
95% confidence interval -0.375t00.290 -0.500 to 0.245 -2.500 to 0.500
Wilcoxon P value .887 514 453

Abbreviations: postop, postoperative; preop, preoperative.

Note: A score of 0 to 3 indicates improved device-related quality of life. A score of -3 to 0 indicates reduced device-related quality of life.

10-m Walking Test at 40 Months

Ten-meter walking speed data were also available
for 12 of the 16 participants who had had the implant
longer than 3 years (mean [SD], 1191 [99] days) (Tables
6 and 7). An overall clinically meaningful increase in
walking speed was achieved when either device was used
(external FES before implantation: 0.11 ms™, P = .003;
implanted FES at 40 months: 0.10 ms™, P = .004), and
again there was no significant difference between devices
(0.005 ms™, P =.937). However, there was a significant
decline in unassisted walking speed over this period, in
line with the progression of MS (-0.232 ms™, P = .014).

Adverse Events

Four implant failures occurred, three of which hap-
pened after a fall. The cause of the other failure is
unknown. All four devices were successfully replaced.
However, one participant had a further fall after the
second surgery and fractured her ulna. This prevented

use of a walker and, consequently, delayed recommence-

ment of walking with the STIMuSTEP. Walking is now

achieved, but it has not yet been possible to repeat the
assessments. Two cases of pain in response to stimula-
tion with the implant have been recorded. One was
likely due to neuropraxia and resolved after 6 months.
The second case was found to be due to external pres-
sure on the nerve from the external controller and leg
strap, which was resolved after modification of the exter-

nal components.

Discussion

Overall, both devices were equivalent in functional
outcome in terms of benefit to walking and device-
related quality of life. Both devices improved walking
speed and distance. These effects were identified in the
questionnaire as important reasons for using FES by
the participants. The questionnaire also identified the
reduction in effort while walking as an important factor,
and a strong trend toward a reduced PCI was recorded
for both devices over 10 m. However, there was no
significant reduction in the PCI over 3 minutes. Stein
et al.% also found no orthotic benefit in terms of PCI
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Table 6. 10-m walking speed preoperatively and at 3 years (mean, 1191 days) postoperatively

(n=12)
Pre-post
Preop  Preop with  Orthotic 3-y with difference Total

without external effect  3-y without implanted 3-y orthotic orthotic Training orthotic
Variable FES, ms™ FES, ms™ preop, ms' FES, ms™ FES, ms' effect, ms?' effect, ms?' effect, ms' effect, ms™
Median 0.700 0.865 0.110 0.425 0.540 0.100 0.005 -0.232 -0.097
95% 0.504 to 0.610 to 0.055 to 0.305 to 0.390 to 0.050to  -0.090to -0.370to  -0.265 to
confidence 0.850 1.035 0.220 0.620 0.710 0.165 0.05 -0.060 0.05
interval
P value .003 .004 .937 .014 224

Abbreviations: FES, functional electrical stimulation; postop, postoperative; preop, preoperative.

from using external FES, although a training effect was
observed over 3 months. Increased gait efficiency when
using external FES has been reported in three studies
that recorded oxygen consumption over a 5-minute
walk, although Miller et al. found this only for slower
walkers.!*?*3! The PCI measured over 10 m can be con-
sidered a non—steady-state measure of the PCI, reflecting
the immediate demand on the cardiovascular system
placed on walking, and the PCI recorded over 3 minutes
may be considered a steady-state measure. The lack of a
difference in the 3-minute PCI may indicate that partici-
pants were walking at their maximum capacity.

The overall change in walking speed (orthotic effect)
when walking with either device was substantially sig-
nificant using the criteria of Pereira et al.,” with 60% of
participants achieving this level. This is a slightly greater
proportion than reported by Street et al.,'" who found
that 49% of external FES users achieved this improve-
ment. Despite the same number achieving a substantial

Table 7. Clinically meaningful change in 10-m
walking speed at 3 years (mean, 1191 days)
postoperatively (n = 12)

Preop-

erative Total

orthotic 3-y orthotic Training  orthotic
Variable effect effect effect effect
>16.67% 6 8 1 2
<16.67% 0 0 8 3
FWC + 3 3 0 2
FWC - 0 0 8 5
SmCD + 4 4 1 1
SubCD + 6 5 3 3
SmCD - 0 0 1 1
SubCD - 0 0 4 5

Abbreviations: FWC, functional walking category; SmCD, small
clinical difference (0.05 to <0.1 ms™); SubCD, substantial clinical
difference (=0.1 ms™); +, the number who increased; —, the number
who decreased.

change, three more participants increased the functional
walking category when using the STIMuSTEP (45%)
than external FES (30%). The latter is in line with
Street et al.,'"! who found that 32% of patients changed
functional walking category. Similarly, the percentage
of participants experiencing a decline in walking speed
of 16.67% was at the low end of the confidence limit
of the prediction made by the Miller et al.** model in
both studies. Of the three methods used to demonstrate
clinical significance, two produced similar results, with
nine people with MS increasing their functional walk-
ing category and ten increasing their walking speed by
more than 16.67% when the implant was used. Twelve
people with MS achieved Pereira et al.’s”” thresholds for
a substantial clinical change and three people with MS
achieved a small clinical change, suggesting that this
method may have greater sensitivity to change. Although
there are no established figures for clinically meaningful
change for 3-minute walking distance, 50 m is accepted
as meaningful change for the 6-minute walk.”” Because
more than half of this value was achieved with either
device, it is likely that the increase in walking distance in
3 minutes is also clinically meaningful.

At the time of writing, more than half of the partici-
pants had used the STIMuSTEP for more than 4 years
and were able to achieve an orthotic effect that remained
the same 3 years after implantation. This suggests that
the device is an effective long-term mobility aid despite
the progression of MS demonstrated by the reduction in
walking speed both with and without FES.

The STIMuSTEP may have advantages in terms
of participation: the number of days per week it was
used and the number of people using it at work were
greater than those for external FES. This may be due to
greater convenience and ease of use, demonstrated by
the significant difference in the perceived time to put the
device on. It may also relate to the elimination of skin
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irritation, ending the need to ration the use of FES to
preserve skin integrity.

Both devices improved device-related quality of life,
as demonstrated by a positive PIADS score. Interest-
ingly, the PIADS score is approximately double in all
three domains compared with that reported for external
FES by Barrett and Taylor.” This may indicate that
those who choose the implanted device may perceive
the benefit from FES to be greater than does the general
population of external FES users.

The cost of providing the implant compared with
external FES is significantly higher in the first year but
comparable in subsequent years. Case series data have
demonstrated that the average time that external FES
is used by each person with MS is approximately 5.5
years.”> The total cost of providing FES for this period
was £3348, giving a cost per quality-adjusted life-year
(QALY)* of £14,492. Although the implant program
has not been in existence long enough to demonstrate
the mean period of use, our experience so far indicates
that the mean time of use is likely to be comparable or
greater. The projected cost for provision of the implant
to 5.5 years is £7846. Assuming the same QALY gain,
the cost per QALY over 5.5 years would be £34,794.
The greater PIADS score found in this study compared
with external FES suggests that the QALY gain may
be greater for the STIMuSTEP, possibly resulting in a
lower cost per QALY.

The present study has several limitations. It is of rela-
tively small size, limiting its statistical power, and it has
some missing data. Data were also not available from the
start of external FES use; therefore, no comparison with
pre-device walking was possible. However, the main
purpose of this study was to compare the STIMuSTEP
with the established external FES intervention, and this
was achieved. The lack of a control group also prevents

e Functional electrical stimulation (FES) is an effec-
tive means of improving walking for people who
have footdrop due to MS.

* Implanted and external FES devices have equiva-
lent effects on walking ability.

* Implanted FES is an effective alternative to exter-
nal FES when consistent use of external FES can-
not be achieved because of difficulty in using
skin electrodes.

comparison with those continuing with external FES.
However, most participants were receiving the implant
to overcome difficulty using external FES, due to either
skin irritation or difficulty placing electrodes, often due
to reduced hand function, so do not represent the gen-
eral population of external FES users, precluding a ran-
domized controlled trial model.

Both external FES device and the implanted STIM-
uSTEP dropped foot stimulator improve walking func-
tion, demonstrated by an increase in walking speed and
3-minute walking distance when the devices are turned
on (orthotic effect). This is associated with an improve-
ment in device-related quality of life. Although there was
no difference in gait performance between devices, setup
time was shorter, and the number of days the device
was used per week was greater for the STIMuSTEP.
Although there is a risk of implant failure and surgical
complication, the STIMuSTEP is a practical alternative
to external FES for the correction of footdrop when skin
irritation or difficulty placing electrodes prevents effec-
tive or consistent use of external FES. O
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