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Objective: To determine the effect of previous treatments of
functional electric stimulation (FES) and transcutaneous elec-
tric stimulation (TENS) on improving gait speed in subjects
poststroke.

Data Sources: Relevant articles were obtained through a
search of English-language articles cited in Medline, EM-
BASE, CINHAL, and PubMed databases from January 1966 to
May 2005.

Study Selection: Prospective clinical studies were included
if electric stimulation was used to treat subjects poststroke and
gait speed was used as an outcome measure. Excluded studies
examined subjects with a variety of neurologic conditions, used
implantable electrodes, or combined electric stimulation with
treadmill training. A paired consensus between authors pro-
duced 8 articles.

Data Extraction: Two investigators extracted data indepen-
dently. The methodologic quality of the studies was assessed
with the Downs and Black checklist.

Data Synthesis: A fixed-effects model produced a mean
difference (.18; 95% confidence interval, .08—.28) that was
significant (z=3.65, P<<.01), indicating the effectiveness of
FES treatment at increasing gait speed in subjects poststroke.
The effect sizes of the studies ranged from —.11 to 1.43 for
FES and .19 to .42 for TENS. The type of FES and TENS
devices, location of electrodes, amount of exposure, and sub-
jects’ stages of recovery varied between the studies.

Conclusions: FES is effective at improving gait speed in
subjects poststroke. Future research should examine the effective-
ness of practical and readily available FES units to improve
function in subjects in the subacute stages of recovery from a
stroke. These studies should attempt to use a randomized con-
trolled design with blinding and standardized outcome measures.
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ANY PEOPLE ARE ADMITTED each year to Canadian

hospitals as a result of a cerebrovascular accident, more
commonly known as a stroke. The crude rate of hospitalization
per 100,000 people for cerebrovascular disease was 1199 for
men and 748 for women between the ages of 65 and 74 years
in 1996 and 1997." After a stroke, people will have resulting
motor deficits including decreases in muscle activation, in-
creases in muscle stiffness, and changes in gait patterns.>>

Many different therapeutic techniques have been used to
treat motor dysfunctions in patients after a stroke. Functional
electric stimulation (FES), also commonly referred to as neu-
romuscular electric stimulation, and transcutaneous electric
stimulation (TENS) are techniques that have been used in the
rehabilitation of these patients. Both FES and TENS deliver an
electric current through electrodes to muscles. The intensity of
the FES current is able to activate motoneurons and produce a
muscle contraction. The intensity of the TENS current is below
motor threshold, but it is able to produce a pins-and-needles
sensation. Some studies*> have examined simple single-chan-
nel FES units with 2 electrodes that stimulate along the path of
a nerve or a muscle. Other studies®’ have examined more
complicated multichannel FES units with more than 2 elec-
trodes that stimulate numerous muscles.

Studies have shown that FES and TENS can improve
strength, decrease spasticity, and improve motor perfor-
mance.*® Many review articles’'* have concluded that electric
stimulation can improve gait, functional ability, and motor
function in patients who have sustained a stroke; however, they
comment that more research is required and future studies
should use better methodologic controls. In general, these
narrative reviews did not critically appraise the articles using a
systematic approach and did not use statistical methods to
support their conclusions.

Two meta-analyses have been conducted that have system-
atically researched the literature and have combined study
results. Glanz et al'® conducted a meta-analysis of the effec-
tiveness of electric stimulation in poststroke rehabilitation.
They concluded that electric stimulation significantly improved
muscle strength. Kottink et al'® conducted a meta-analysis
examining the ability of FES to improve gait speed in subjects
poststroke. They argued that FES can be used as an orthosis,
and they pooled the gait speeds of subjects when ambulating
with the FES device active. Subjects were treated with FES,
with either indwelling or surface electrodes, for 3 weeks to 6
months depending on the study. They determined that gait
speed could be significantly improved in people poststroke
during FES treatment (orthotic effect). It is not known whether
these improvements in walking speed were maintained after the
FES machine was removed (therapeutic or carryover effect).
The orthotic effect is the ability of the FES device to improve
gait while subjects are receiving electric stimulation of the
lower-extremity muscles. The therapeutic effect examines
changes in gait that have occurred after a series of FES treat-
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ments have been applied over a period of weeks or months.
Measurements of gait speed for the therapeutic effect are
performed without subjects receiving FES during testing.

The purpose of this meta-analysis was to determine the
therapeutic effect of lower-extremity FES and TENS with
surface electrodes on gait speed in subjects poststroke. This
meta-analysis will focus on FES protocols that are clinically
feasible (eg, surface electrodes).

METHODS

A systematic search was conducted to identify all articles
published between January 1966 and March 2005 relating to
the effectiveness of FES and TENS for the treatment of the
lower extremity poststroke. Updates were received from the
databases until May 2005. The databases searched included
Medline, EMBASE, CINHAL, and PubMed. Search terms and
subject headings included electric stimulation, functional elec-
tric stimulation, neuromuscular electric stimulation, transcu-
taneous electric stimulation, cerebrovascular accident, stroke,
hemiplegia, and lower extremity. We examined the citations
and abstracts from the various articles and reviewed controlled
trials, before-after trials (noncontrolled with a single group),
and literature reviews. Inclusion criteria included prospective
studies that (1) used the treatment of FES or TENS with surface
electrodes, (2) studied subjects who had sustained a stroke, (3)
used gait speed as an outcome measure and assessed without
electric stimulation (therapeutic effect), and (4) were written in
English. Exclusion criteria included indwelling or implantable
electrodes, mixed patient populations (ie, spinal cord injury,
acquired brain injury) where the data were not presented sep-
arately, retrospective or case study designs, studies repeating
previously published data, electric stimulation combined with
treadmill training, or sufficient data that were not available (eg,
estimates of random variability) despite contacting the authors.
Complete articles were retrieved from all relevant citations and
from those that were unclear or were missing abstracts from the
database citations. In addition, the references from these arti-
cles were examined and secondary articles were obtained. A
paired consensus between the authors ensured that the articles
met the criteria for inclusion.

The methodologic quality of the studies was critically ap-
praised using the Downs and Black checklist.'” This checklist
was developed to assess the quality of randomized and non-
randomized studies. The checklist includes 27 items under 5
subscales. The subscales, with the number of items in each
subscale in brackets, include reporting (n=10), external valid-
ity (n=3), internal validity bias (n=7), internal validity con-
founding (n=6), and power (n=1). The total score is 32, with
a higher score representing a better methodology. The test-
retest reliability (r=.88), interrater reliability (r=.75), and in-
ternal consistency (Kuder-Richardson formula 20=.89) of the
checklist are good.'” The articles were rated independently by
2 authors. The authors met to discuss any discrepancies be-
tween the scores of each item and to ensure consistency in
rating the items. The amount of initial agreement between the
raters was calculated for each subscale. During the discussion,
a consensus was met between the raters for the scoring on each
checklist item. This consensus produced the final ratings for the
studies.

An investigator and a research assistant separately extracted
data from the studies from the tables or the text of the articles
to ensure accurate copying of the data. The data included group
means and standard deviations (SDs). The data were analyzed
in 2 forms.

First, the results of the controlled studies that examined the
effectiveness of FES with an outcome measure of gait speed
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were combined. The data were entered into Review Manager
4.2.7.'%* The heterogeneity of the studies (x*) was calculated
and significance determined with P less than .05.'" Heteroge-
neity is a statistical measure of the variability of the treatment
difference between the studies.'® If the studies are not hetero-
geneous, their results are considered similar and therefore they
can be combined. A weighted mean difference with 95%
confidence intervals (CIs) was calculated and the fixed-effects
model was run to determine the statistical differences of the
combined results. A more stringent significance criterion is
required with the fixed-effects model to account for artificially
narrow CIs.?%?! Accordingly, P less than .01 was accepted for
statistical significance.

In addition, the effect sizes for the studies were calculated
using the following equation®*:

where d is the effect size index; m, is the mean change in gait
speed in the treatment group (FES, TENS) in the controlled
trials, or the posttreatment measure in the before-after (1
group) trials; m,. is the mean change in gait speed in the control
group in controlled trails, or the pretreatment measure in the
before-after trials; and s is the pooled SD between the m, and
m, measures. For before-after trials, s is equal to the average
SD of the m, and m,. groups. For controlled trials, s is equal to*

L (= DY+, — DY
n+n.—2

where n, and n, are the sample sizes of the treatment and
control groups and s” and s¢ are the SDs of the treatment and
control groups. The studies were then grouped and mean effect
sizes calculated to make different comparisons. These compar-
isons and groups included studies examining FES with subjects
in the acute and subacute (onset of stroke <6mo) compared
with the chronic (onset >6mo) stages of recovery from a
stroke, studies examining single-channel FES compared with
multichannel FES, and studies examining FES compared with
TENS.

RESULTS

The literature search produced 533 citations from Medline,
230 from CINHAL, 539 from EMBASE, and 438 from
PubMed databases. Abstracts were reviewed and secondary
references were collected, resulting in 67 full articles that were
retrieved. Eighteen review articles were also collected and
reference lists were examined for relevant articles. Thirty-
seven of the 67 full articles were excluded because they did not
meet the inclusion and exclusion criteria. Of the excluded
articles, 21 studies included subjects with a variety of neuro-
logic conditions, 1 had repeated data from another study, 7
examined the immediate changes of 1 electric stimulation
session and did not involve extended treatment, 5 used indwell-
ing or needle electrodes to deliver the electric stimulation, and
3 were case studies. From the remaining 30 articles, 10 articles
used gait speed as an outcome measure. One of these studies’
was excluded because the researchers measured gait speed for
only 3 subjects and presented the results in a case study format.
Another article®* was excluded because subjects were treated
only once with FES and the authors of this study believe that
a single treatment was unlikely to produce a therapeutic effect.
The remaining 8 articles were used in the analyses. Four of the
trials are controlled studies, 3 examining FES*?” and 1 ex-
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Table 1: Description of the Included Studies

Methodologic Stroke Onset

Study n Quality (mo) Intervention Duration Study Design Outcomes
Alon and Ring¥” C:9 16 C:51.6 Multichannel FES 2mo Control trial Gait speed and cadence
1:10 1:48.6 improved
Bogataj et al*® C:10 15 C:39 Multichannel FES 3wk Two group Gait speed and cadence,
I: 10 crossover step length, and FMA
score improved
Burridge et al*®  C: 16 17 C:59 Single-channel FES 12wk RCT Gait speed and PCI not
I: 16 improved
Burridge and 18 13 35 Single-channel FES 12wk Before-after trial ~ Gait speed and PCI
McLellan®°® improved
Chen et al®® C: 12 16 12-35% Single-channel 1mo RCT Gait speed and some
1: 12 TENS spasticity measures
improved
Granat et al®® 16 15 7 Single-channel FES Tmo One group Gait speed and
crossover parameters not
improved
Peurala et al®? 19 14 39.6" Single-channel 3wk Before-after trial Motor scale improved;
TENS gait speed and
sensation not
improved
Sonde et al®’ 13 14 12 Single-channel 3mo Before-after trial ~ Gait speed and
TENS spasticity improved;

FMA not improved

Abbreviations: C, control group; FMA, Fugl-Meyer Assessment; |, intervention group, PCIl, Physiological Cost Index; RCT, randomized

controlled trial.

*No mean given; stroke onset range for both the control and intervention groups.
"Mean onset includes subjects in both upper-extremity and lower-extremity intervention groups.

amining TENS,?® with 48 subjects in the treatment group and
47 subjects in the control group. Four of the trials used a
before-after or crossover design with a total of 66 subjects
receiving treatment. Two of these before-after trials examined
FES**** and 2 examined TENS.*!** A description of the
included studies is provided in table 1.

The 3 controlled trials examininsg FES differed in method-
ology and treatment. Bogataj et al*> used a randomly assigned
controlled trial with a crossover. Subjects were treated with
multichannel FES over the peroneal nerve, soleus, hamstrings,
quadriceps femoris, gluteus maximus, and triceps brachii for 3
weeks while ambulating during therapy. Gait speed was mea-
sured over 20m. The mean time from stroke onset for subjects
was approximately 3 to 4 months. Burridge et al*® used a
randomized controlled trial (RCT) design. Subjects were
treated with a single-channel FES stimulator over the peroneal
nerve for 3 months while they ambulated at home. Subjects
were instructed to walk briskly for 10m to measure gait speed.
Subjects were also permitted 1m at the start and finish for
acceleration and deceleration, respectively. Alon and Ring?’
treated subjects with an integrated leg orthosis—stimulation
system with electrodes over the peroneus longus, tibialis ante-
rior, and gastrocnemius for 8 weeks. Subjects also received
FES treatment to the upper extremity. The program was home
based and required subjects to use the stimulators twice a day
for 10 to 60 minutes. A non-RCT design was used by the
researchers and gait speed was measured with a 10-m walk.
Burridge®® and Alon and Ring®’ used subjects with a mean
time since onset of stroke longer than 3 years.

A single-group crossover design was used by Granat et a
Subjects with a drop foot were treated with an FES device with
a single set of electrodes over the peroneal nerve for 1 month
while they ambulated. Gait speed was measured over 6 or 10m
over different surfaces. Subjects were given 1.5m at the begin-

1.29

ning and the end of the test to accelerate and decelerate. Only
the results for the trials over linoleum are used in the analysis
to prevent data from subjects being repeated. Burridge and
McLellan®™® performed a before-after trial. Subjects were
treated for 3 months with a drop-foot stimulator while they
ambulated at home. A 10-m walk test was used to measure gait
speed. Both Granat® and Burridge and McLellan®® used sub-
jects in the chronic stage of recovery.

The single RCT examining the effectiveness of TENS was
performed by Chen et al.® TENS uses electric stimulation with
an intensity that is sufficient for sensory level but it is insuffi-
cient to produce a tetanic muscle contraction. Subjects received
TENS via electrodes placed over the Achilles’ tendon and
gastrocnemius for 20 minutes, 6 times a week for 1 month.
Subjects were instructed to ambulate at a comfortable speed for
10m to measure gait speed. Subjects entered the study 12 to 35
months after the stroke onset.

Two before-after trials examined the effectiveness of TENS
on spasticity, motor performance, and gait speed. Sonde et al*'
applied TENS over the lower leg of subjects for 30 minutes
every day for 3 months. Peurala et al*? treated subjects with
TENS on the foot and ankle for 30 minutes, twice a day for 3
weeks. Both studies used a 10-m walk test and subjects were in
the chronic stage of recovery.

The mean methodologic score using the Downs and Black
checklist of the studies was 15 of 32. The mean score of the
controlled trials?>?® was 16, and the mean score of the before-
after trials®>*-** was 14. The initial agreement between raters for
each subscale, the scores for each subscale, and the total initial
agreement and methodologic scores are presented in table 2.

Many of the studies measured gait speed with and without
the use of FES and TENS before and after the treatment period.
Only the measures of gait speed without FES and TENS were
used in the analyses (therapeutic effect). The 3 controlled
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Table 2: Initial Agreement of the Raters and Final Scores for Each Subscale of the Downs and Black Checklist

Study Reporting External Validity Bias Confound Power Total

Alon and Ring?’

Agreement 9/10 3/3 a/7 5/6 11 22/27

Score 9 1 3 3 0 16
Bogataj et al?*®

Agreement 10/10 3/3 6/7 6/6 11 26/27

Score 9 0 4 2 0 15
Burridge et al®®

Agreement 7/10 3/3 5/7 4/6 (Al 20/27

Score 9 1 4 3 0 17
Burridge and McLellan®®

Agreement 7/10 2/3 5/7 4/6 (Al 19/27

Score 8 0 4 1 0 13
Chen et al®

Agreement 7/10 2/3 5/7 4/6 (Al 19/27

Score 8 0 4 4 0 16
Granat et al?®

Agreement 10/10 3/3 717 5/6 1 26/27

Score 8 1 4 2 0 15
Peurala et al®?

Agreement 7/10 3/3 6/7 5/6 (Al 22/27

Score 6 1 5 2 0 14
Sonde et al®’

Agreement 10/10 3/3 6/7 5/6 1 25/27

Score 9 1 3 1 0 14

studies that examined FES were entered into the fixed-effects
model.”>2” Two of the studies produced a positive effect that
favored treatment®>’ and 1 study produced an effect that
favored the control.>® Outcome measures and effect sizes for
the studies are shown in table 3. A total of 36 subjects were in
the treatment group and 35 subjects were in the control group.
The studies were not heterogeneous (x° test=4.80, P=.09).
The fixed-effects model produced a mean difference and 95%
CI (mean, .18; 95% CI, .08 —.28) that were significant (z=3.65,
P<.01) for the effectiveness of FES treatment (fig 1).

The study examining FES using subjects in the acute or
subacute stages of recovery from a stroke (onset <6mo)>> had
a larger effect size (d=1.43) than the mean effect size (d=.40)
of the studies examining FES using subjects in the chronic

stage of recovery (onset >6mo).?%?"-?*3° The mean effect size
(d=1.38) of the studies using multichannel FES?>**” was larger
than the mean effect size (d=.09) of the studies examining
single-channel FES.?*?%° The mean effect size of the FES
studies?®2"?*3® (4=.61) was higher than the TENS stud-
ies?®3132 (d=. 30).

DISCUSSION

This meta-analysis supports the conclusion that previous gait
training with FES (therapeutic effect) can improve gait speed in
subjects poststroke. A total of 4 controlled trials and 4 before-
after trials examining the effectiveness of FES or TENS were
included. There were an insufficient number of studies exam-
ining TENS and an effect model analysis could not be con-

Table 3: Gait Speed and Effect Sizes of the Included Studies

Study Group Baseline Gait Speed Final Gait Speed Change* %* Pooled SD a*

Alon and Ring?’ (m/s) C 0.76*0.22 0.75*+0.23 —0.01£0.23 —1.32 0.25 1.34
| 0.88+0.23 1.20+0.30 0.32+0.27 36.36

Bogataj et al®® (m/s) C 0.23+0.13 0.26=0.11 0.03+0.12 13.04 0.13 1.43
| 0.19+0.08 0.41+0.21 0.22+0.15 115.79

Burridge et al?® (m/s) C 0.48+0.25 0.51+0.27 0.03+0.26 6.25 0.35 -0.11
| 0.64+0.46 0.63+0.39 —0.01£0.43 —1.56

Burridge and McLellan® | 0.63+0.27 0.74%0.32 0.11£0.30 17.46 0.30 0.37

(m/s)

Chen et al?® (s)" C 87.91x23.05 88.05+22.88 —0.14x£22.97 -0.16 21.52 0.42
| 89.75+20.69 80.75+£19.23 9.00£19.96 10.03

Granat et al®® (m/s)* | 0.94+0.63 0.95+0.58 0.01+0.61 1.06 0.61 0.02

Peurala et al®? (s)* | 54.7+34.00 48.4+33.00 6.30+33.50 11.52 33.50 0.19

Sonde et al®*' (m/s) | 0.30*0.33 0.40+0.40 0.10+0.37 33.33 0.37 0.27

NOTE. Values are mean *+ SD.

*Positive values reflect improvement or effect favoring the intervention.

"Time required to ambulate 10m.
*Converted from m/min.
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Study WMD (fixed) Weight WMD (fixed)
95% ClI % 95% ClI
Bogataj et al”® = 66.05 0.19 (0.07 to 0.31)
Burridge et al*® —a— 15.44 -0.04 (-0.29 to 0.21)
Alon and Ring® —a— 18.51 0.33 (0.11 to 0.55)
Total (95% Cl) ‘ 100.00 0.18 (0.08 to 0.28)

Test for overall effect: z=3.65 (P<.01)

-1 -0.5 0 0.5
Favors FES

Favors control

Fig 1. A forest plot of the fixed-effects model for the effectiveness of FES on gait speed in subjects who have sustained a stroke. Included
are the weights of each study, weighted mean difference (WMD) and 95% Cls of each study, and the combined results.

ducted to determine the effectiveness of TENS at imfroving
gait speed. The RCT?® and both before-after trials*'** exam-
ining the effectiveness of TENS had a positive overall effect.
Subjects had an increase in gait speed in 2 of the controlled
trials?>>*” and 1 of the before-after trials’® examining FES.
These positive findings are consistent with previous results.
FES has been previously shown to improve muscle
strength,**'> muscle recruitment,>® and voluntary motor con-
trol*> in the upper and lower extremities. Glanz et al'> con-
ducted a meta-analysis and showed that FES could signiﬁcantly
improve strength in subjects poststroke. Kottink et al™® found in
a meta-analysis that FES could increase gait speed while elec-
tric stimulation is applied to the lower-extremity muscles (or-
thotic effect). This meta-analysis shows that previous training
using FES can produce sustained improvements in gait speed
present even after the FES is turned off (therapeutic effect).
These results are important because it is impractical to continue
to use FES with surface electrodes indefinitely.

This meta-analysis has several limitations. Only 3 studies
were entered into the fixed-effects model.?>?” This low number
will decrease the strength, generalizability, and external valid-
ity of the results. Before-after trials were included in this article
to provide a comprehensive review of the topic. Although it is
difficult to show the cause-and-effect relation of an interven-
tion with this single-group design, this design does permit
subjects who have a history of gait difficulties to act as their
own controls. This is a benefit when studying a patient popu-
lation with such varied levels of lower-extremity weakness and
control as a result of a stroke and marked differences in FES
protocols. Furthermore, an increase in subjects’ gait speed
might not represent a significant gain in their overall functional
ability. Gait speed was used as an outcome measure because it
is among the most commonly used measures in studies exam-
ining the effectiveness of FES. More research is needed to
determine if FES or TENS can improve the scores on various
functional scales such as the Barthel Index or the FIM instru-
ment. The comparison of the effect sizes of the different studies
(subacute vs chronic, TENS vs FES) does not hold much
statistical validity; however, it can be used to make interesting
observations and hopefully help direct future research.

Flansbjer et al** calculated the standard error of measure-
ment percentage to be 7.9% for measuring gait speed in sub-
jects who had sustained a stroke. In other words, an increase of
7.9% is the minimal improvement in gait speed needed to be
considered a real change in a group. Three of the 5 FES
studies®>?’>° showed a real improvement in gait speed (see
table 3). Thus, FES treatment is capable of improving the gait
speed of subjects who have sustained a stroke.

The artificial stimulation of muscles with FES during gait
produces repetitive muscle contractions that can increase pro-

prioceptive input to the brain. This effect is shown by changes
in the hemodynamic responses to the sensorimotor regions of
the brain after electric stimulation in healthy subjects.®> Carr
and Shepherd*® report that repetitive movements and proprio-
ception are key contributors to motor learning or relearning. In
addition, motor patterns will be improved when FES activates
a patient’s muscles in proper sequence during gait. Activation
of the lower-extremity muscles during a functional task (gait)
was a strength of many of the included studies.?>"2%** This
would assist subjects in improving various aspects of gait and
improve functional carryover. A previous study of subjects
who sustained a stroke found that a group undergoing a task-
orientated intervention to improve gait had greater improve-
ments in gait distance and speed than a similar control group.®’
Ensuring that subjects and patients ambulate while using FES
would improve the effectiveness of the intervention for gait
retraining.

The methods and amount of exposure to the electric stimu-
lation varied greatly between the studies. Single-channel drop-
foot stimulators,?®**-° a leg orthosis—stimulation device with 5
electrodes,”” and a multichannel FES device® were used in the
various studies. The amount of exposure to FES that subjects
received varied between the studies. Some subjects received
stimulation throughout the day while they ambulated®®?°-** and
this potentially resulted in large exposure times to FES. In
comparison, other studies applied the FES during specific train-
ing sessions lasting from 30 to 60 minutes a day.”>*’ Despite
this relatively low exposure time to FES, subjects in these
studies?>*” had the largest increase in gait speed. The use of
subjects in the subacute stage of recovery is a likely explana-
tion for this result. In addition, compliance was not measured
in most of the studies that had subjects use the FES devices at
home.?*?° Low compliance with the devices might have
greatly decreased the amount of exposure.

Strong conclusions cannot be made by grouping and com-
paring the studies based on subject population or treatment
technique used; however, interesting trends can be seen when
examining these comparisons and the mean effect sizes of these
different approaches. Conventional effect sizes are often used
to describe a large (d=.80), medium (d=.50), and small
(d=.20) effect.>® The larger the effect size, the larger the
magnitude of difference between the control group and the
treatment group.®® The effect size of the study that included
subjects in the subacute stage of recovery> (d=1.43) was
large, whereas the mean effect size of the studies that used
subjects in the chronic stage of recovery?®?"2%3* (d=.40) was
relatively small. Thus, FES appears to be more effective in the
subacute stage of stroke recovery. This is supported by re-
search that has determined that most poststroke recovery oc-
curs in patients within the first 6 months after stroke onset.>

Arch Phys Med Rehabil Vol 87, June 2006



858 EFFECT OF FES AND TENS ON GAIT POST-CVA, Robbins

The mean effect size of the studies examining multichannel
FES*>?7 (d=1.38) was larger than the mean effect size of the
studies examining single-channel FES****3° (4=.09). Mul-
tichannel FES might be more effective because it can stimulate
a combination of muscles in a specific pattern. However, sub-
jects treated with single-channel FES were in the chronic stage
of recovery, and it would be harder to produce changes in these
subjects.

Overall, FES produced a medium to large effect
(d=.61) and TENS?*2"*? produced a medium to low effect
(d=.40). FES generates joint movements and stronger muscle
contractions than TENS. These repetitive movements and ad-
ditional sensory information make FES more effective at im-
proving gait speed in subjects poststroke. In general, studies
using multichannel FES to treat a subacute population had the
largest effect sizes.

Treatments must not only be effective, but they must be
readily available and affordable. For these reasons, the effec-
tiveness of FES with implantable electrodes was not examined
in this study. Implantable electrodes allow for more precise
placement of the electrodes, decrease the discomfort associated
with electric stimulation, and decrease the required setup
time.'> However, implantable electrodes are not currently
available to most clinicians and they have medical risks that are
associated with every invasive treatment. Furthermore, im-
planting electrodes in patients in the acute or subacute stage of
recovery poststroke would be impractical. Patients will respond
to treatment and spontaneous recovery will occur, thus poten-
tially making the implantable electrodes unnecessary. Also,
multichannel FES is not practical because the devices are
unavailable to most health care practitioners and they require
complicated and expensive setups. In comparison, single- or
dual-channel FES devices are smaller, portable, less expensive,
and more readily available, and subjects can take them home to
apply treatment. More research regarding the effectiveness of
these devices is required to determine if they improve function
in patients in the subacute stage of stroke recovery.

The scores of the controlled trials (16/32) were similar to the
scores of the before-after trials (14/32) on the Downs and Black
checklist. These studies had a similar methodologic quality to
those studies used to develop the checklist.'” Only 1 study used
a placebo treatment in its design and made an attempt to blind
the assessors.”® With FES or TENS, it would be very difficult
to effectively blind subjects to the treatment because of the
sensation experienced with the modalities. Future studies
should attempt to blind the assessors to subjects’ assignments.
In addition, none of the studies adequately described the source
population and the recruitment of subjects, and they did not
perform a power analysis. Thus, the scores on the external
validity and power subscales of the checklist were low.

The scores on the Downs and Black checklist highlight the
need for better study design in future research. More RCTs
with blinding are needed. Few studies have incorporated a
follow-up period in their design. It would be interesting to
determine if the improvement in gait speed remains after a
period of time when subjects are not receiving treatment. This
would help determine if motor patterns were relearned and
maintained after the treatment ended. Motion analysis of sub-
jects pretreatment and posttreatment could also help determine
if gait and motor patterns have been modified by FES inter-
vention. More studies are needed to examine the effectiveness
of FES and TENS in patients in the acute or subacute stages of
stroke recovery. Also, more research needs to be performed
examining practical FES units. This includes single- or dual-
channel FES devices with surface electrodes that are presently
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available to purchase, relatively inexpensive, and currently in
use in many health care settings.

CONCLUSIONS

A meta-analysis examining the effectiveness of FES has
shown a statistically significant improvement in gait speed.
There was insufficient research to make conclusions regarding
the effectiveness of TENS. FES can be an effective tool in the
rehabilitation of patients after they have sustained a stroke. It
has been shown to increase strength'’ and increase gait speed
in subjects poststroke. However, studies have not yet shown an
improvement in overall functional ability with FES treatment.

The methods of delivery of FES varied greatly between the
studies from simple single-channel FES units to more complex
multichannel FES units. Different types of delivery will influ-
ence the effect of the treatment. In addition, most of the trials
used subjects in the chronic stage of stroke recovery.

Future research should examine the effects of practical FES
units on patients in the acute or subacute stage of recovery
poststroke. In addition, attempts should be made to improve the
methodology of the trials. More RCTs are needed in this area
with the investigators blinded to the subjects’ group assign-
ments.
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