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ABSTRACT. Page SJ, Levine P. Back from the brink:
lectromyography-triggered stimulation combined with modi-
ed constraint-induced movement therapy in chronic stroke.
rch Phys Med Rehabil 2006;87:27-31.

Objective: To determine the efficacy of a regimen that
ombines electromyography-triggered neuromuscular stimula-
ion (ETMS) with modified constraint-induced movement ther-
py (mCIMT) in patients with chronic stroke.

Design: Pre-post, case series.
Setting: Outpatient rehabilitation hospital.
Participants: Six subjects who had had a stroke less than
year before the study and who had upper-limb hemiparesis.
ll subjects were only able to activate the affected wrist

xtensors.
Intervention: Subjects underwent ETMS twice every week-

ay in 35-minute increments during an 8-week period. One
eek after they completed the ETMS regimen, and after the
utcome measures were readministered, subjects participated
n mCIMT, which consisted of structured therapy sessions that
mphasized use of the more affected arm in valued activities.
he sessions were held 3 times a week for 10 weeks. The less
ffected arms were also restrained 5 days a week for 5 hours.

Main Outcome Measures: The Fugl-Meyer Assessment
FMA) of motor recovery, Action Research Arm Test (ARAT),
nd goniometry.

Results: Subjects had nominal changes on the ARAT (mean
hange, 0.3), and no functional changes after ETMS. However,
hey had a mean increase of 21.5° in affected wrist extension
nd an improved ability to perform the wrist items of the FMA
reflected by a mean increase of 4.1 points on the FMA), which
ualified them for mCIMT. After mCIMT, subjects had a
5.5-point change on the FMA, an 11.4-point change on the
RAT, and a new ability to perform valued activities.
Conclusions: ETMS alone does not result in functional

hanges. However, it may elicit sufficient active affected wrist
nd finger extension increases to permit possible participation
n mCIMT, which can result in marked functional gains. This
tudy is among the first to show improved function in stroke
atients who initially had little hand motor control, and it is
mong the first to effectively combine 2 singularly efficacious
egimens.
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TROKE, THE LEADING CAUSE OF disability in the
United States,1 frequently causes lifelong cognitive and

hysical impairments. Of these, hemiparesis may be the most
isabling because of its impact on performance of most activ-
ties of daily living (ADLs). As described by Brunnstrom,2

ecovery from arm hemiparesis typically begins with flaccidity,
s followed by spasticity, development of muscle synergies
nd, finally, recovery of the ability to perform advanced iso-
ated movements. However, some patients have little, if any,
ctive isolated movements in the distal regions of their affected
rms even years after a stroke.3

Increased use and function of the affected upper limb have
ach been reported after chronic (�1y poststroke) stroke pa-
ients participated in constraint-induced movement therapy
CIMT),4-7 which encourages use of the affected arm via 2
pproaches: participants’ less affected upper limbs are re-
tricted during 90% of waking hours in a 2-week period and
articipants engage in 6-hour activity sessions using their more
ffected limbs on the 10 weekdays of the same 2-week period.
owever, researchers have suggested that difficulties may oc-

ur in implementing CIMT in the United States8 and abroad.9

hus, shorter protocols have been developed.10,11 The most
otable example is modified constraint-induced therapy
mCIMT), which combines structured, 30-minute, functional
ractice sessions with restriction of the less affected upper limb
days a week for 5 hours, both during a 10-week period. In

ddition to our ability to use mCIMT in outpatient settings and
o obtain reimbursement for this therapy, the mCIMT treatment
ffect has been shown to be comparable to CIMT, in random-
zed controlled pilot studies,12-14 and in a recent, randomized
ontrolled trial with chronic stroke patients.15

Although both CIMT and mCIMT have shown promise,
ctive extension of affected wrists and fingers is necessary in
rder to participate in these protocols. Consequently, patients
ith no or trace active extension in their affected wrists and
ngers are ineligible, leading to their possible discharge from

reatment with residual motor deficits. However, surface electro-
yography-triggered neuromuscular stimulation (ETMS) may

e a promising gateway that can move patients with no active
xtension toward the above regimens. When using ETMS, a
atient attempts to activate the affected wrist musculature (in
his article, the affected extensors). If the intended muscles are
ctivated such that a preset threshold is reached (as detected by
lectromyography in the device), the musculature is electrically
timulated by the device and full extension is realized. If the
hreshold is not reached, it is automatically lowered and the

atient tries again. Thus, the patient is induced to attempt to

Arch Phys Med Rehabil Vol 87, January 2006
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ctivate the affected musculature and when successful, is pro-
ided with biofeedback that “reteaches” active muscle contrac-
ion via the reward of electric stimulation. ETMS increases
ore affected wrist movement in both subacute and chronic

troke patients who before intervention exhibited trace amounts
f active wrist extension.16-19 The changes observed in these
tudies were clinically significant inasmuch as patients could
erform several valued ADLs after the intervention that they
ould not do previously.

In a recent study,20 chronic stroke patients with no active
ovement in their affected wrists and fingers received either
TMS twice every weekday in 35-minute increments for 8
eeks, then participated in an 8-week home exercise program

ETMS-HEP), or they first participated in an 8-week home
xercise program, then received ETMS twice every weekday in
5-minute increments for 8 weeks (HEP-ETMS). Subjects
howed nominal or no change after the HEP, but after ETMS,
ll patients showed modest or nominal impairment reductions,
s shown by the Fugl-Meyer Assessment (FMA), and no fine
otor function changes as measured by the Action Research
rm Test (ARAT). Both groups showed a 21° mean increase in

ctive wrist extension after ETMS. New active wrist and finger
xtension provoked by ETMS qualified patients who initially
ad no movement to participate in mCIMT and possibly realize
dditional gains. Few studies have examined the effects of
ombining singularly efficacious modalities to realize even
reater gains. This case series reports a group of chronic stroke
atients who participated in an ETMS program that increased
heir active affected wrist and finger extension enough that they
ere eligible for mCIMT. Additional functional gains were

ealized after mCIMT.

METHODS

articipants
Our subjects were enrolled in a larger ETMS clinical trial

nd are reported here because of their motor changes resulting
rom their participation in the trial. Those changes qualified
hem for subsequent mCIMT participation possibly leading to
dditional motor changes. To initially participate in the ETMS
rial, subjects had to meet the following inclusion criteria: (1)
troke experienced between 1 year and 18 years prior to study
nrollment; (2) no cognitive deficits, as evidenced by a score of
0 points or more on the Modified Mini-Mental Status Exam-
nation21; (3) age between 18 and 85 years old; (4) no excessive
ain in the affected upper limb or wrist, as measured by a score
f 4 or lower on a visual analog scale; (5) a detectable surface
lectromyographic signal using the ETMS of less than .2�V
rom the extensor carpi radialis of the more affected limb (a
evel sufficient to activate the affected extensors and use
TMS, but not sufficient to actively extend the affected wrist);
nd (6) passive range of motion (ROM) to 45° extension in the
ffected wrist, as well as passive movement without difficulty
n the distal intercarphalangeal joints of the affected fingers,
oth as measured by goniometry. Exclusion criteria were: (1)
eurologic comorbidity that impaired strength in the affected
pper limb; (2) taking medication that could impair neuromus-
ular performance (eg, botulinum toxin type A;); (3) having a
acemaker or other implanted stimulator; (4) having nonstroke-
elated wrist or finger pathologies (eg, sprained wrist); (5) able
o actively extend the affected wrist; (6) currently enrolled in
ny form of physical rehabilitation; and (7) participation in any
ther experimental studies. This was consistent with previous
ork that used this device. The above criteria qualified 6
ubjects for the study (table 1). s

rch Phys Med Rehabil Vol 87, January 2006
quipment
The Neuromove 900 (NM 900)a is an electromyographically
onitored neuromuscular electric stimulation device approved

y the U.S. Food and Drug Administration for use by stroke
urvivors. It uses 3 surface electrodes (1 ground over a bony
rotrusion; 2 over the motor point of the targeted muscle) to
etect electric signals sent from the brain to nerves inside the
argeted muscle. A computer inside the device evaluates the
mount of activity in the muscle and determines whether it
eets or exceeds a preset threshold. If the threshold is attained,

he NM 900 activates the muscle with its own biphasic wave-
orm with pulse width ranging between 100 and 400�s. The
on” signal duration can be adjusted to be between 0.5 seconds
nd 10 seconds; research22 suggests that 10 seconds is the
ptimal duration and we used that duration. Cauraugh et al23

lso found that 3 trials using the device were sufficient for
atients to self-administer the NM 900, making it ideal for
ome use.
A finger goniometer was used to measure active wrist ex-

ension before and after intervention. The small, plastic device
an be held and operated with 1 hand and, using a protractor
easuring from 0° to 110° in 2° increments, is sensitive to

mall changes in active extension.

nstruments
In addition to goniometry, we applied the FMA and the

RAT because of their sensitivity to motor changes in chronic
troke.24 The FMA25 assesses several dimensions of impair-
ent, including ROM, pain, sensation, upper- and lower-ex-

remity impairments, and balance. A 3-point ordinal scale (0,
annot perform; 2, can perform fully) is applied to each item,
nd the items are summed to provide a maximum score of 226.
e used the upper-extremity motor component, which consists

f 66 points. The FMA has impressive test-retest reliability
total, .98�.99; subtests, .87�1.00), interrater reliability, and
onstruct validity.26,27 It has been used extensively in studies
hat have measured functional recovery in stroke patients and is
ighly recommended for “use in clinical trials designed to eval-
ate changes in motor impairment following stroke.”28(p239) The
RAT29 is a 19-item test divided into 4 categories (grasp, grip,
inch, gross movement), with each item graded on a 4-point
rdinal scale (0, can perform no part of the test; 1, performs test
artially; 2, completes test but takes abnormally long time or
as great difficulty; 3, performs test normally) for a potential
otal score of 57. The test is hierarchical in that if the patient
an perform the most difficult skill in each category, he/she can
erform the other items within the category and need not be
ested. The ARAT has high intrarater (r�.99) and retest
r�.98) reliability and validity.29,30

esign, Pretesting, and Intervention
We used a single-blinded, pretest-posttest, case series de-

Table 1: Subject Characteristics

Sex Age (y) Months Since Stroke Side Affected

M 54 52 L
M 60 68 R
F 65 131 L
F 65 36 L
F 75 60 R
F 58 29 R

bbreviations: F, female; L, left; M, male; R, right.
ign. After participants signed consent forms approved by the



l
m
w
u
P
w

3
c
f
D
w
r
a
i
t
F

a
m
w
fl
b
s
F
r
s
s
s
s
1
c
t

h
p
e
n
s
a
F
a
a

w
e
w
o
p
l

M

s
fi
w
a
i
t
i
s
t
l
t
d
b
s
r
i
r
p
s
t
F

n
p
i
i
i
g
5
t
g
m
c
o

w
p
a
o
p
c
a
i
b
E
a
f

p
a
a
b
r
n
m
s
i
w
p
w

*
f

29ELECTROMYOGRAPHY-TRIGGERED NEUROMUSCULAR STIMULATION AND mCIMT, Page
ocal institutional review board, a research team member ad-
inistered the goniometry, the FMA, and the ARAT. One
eek after pretesting, subjects attended a 30-minute, individ-
alized education session to learn how to use the ETMS device.
atients were then given the device plus a diary in which they
ere to record their use of the device at home.
At home, patients used the device twice every weekday in

5-minute increments for 8 weeks. (A 70-minute regimen was
hosen because previous ETMS studies had varied the duration
rom 30 minutes to 90 minutes daily, also on weekdays.)
uring use of the device, surface electrodes were placed on the
rist extensors, and a ground electrode was placed on the olec-

anon process. After 8 weeks, patients returned to the laboratory
nd a physician member of the research team checked skin
ntegrity. During this visit, patients returned the device and
heir diaries, and were again administered goniometry, the
MA, and the ARAT.

RESULTS
Before intervention, subjects could minimally activate their

ffected extensors, but were unable to functionally use their
ore affected wrists and fingers. Indeed, the ARAT mean score
as 24.8 before intervention (table 2), which primarily re-
ected ability to grasp with difficulty and diminished speed,
ut not release, selected items on the ARAT grasp and grip
cales, and to perform gross movements. Similarly, the mean
MA score was 38.3 before intervention (see table 2), which
eflected intact reflexes, shoulder and elbow movements in
ynergy, selected flexion and extensor synergies, and partial,
elected, volitional movements with little synergy dependence,
uch as shoulder abduction to 90°. Goniometry showed that
ubjects had no finger extension, and a mean wrist extension of
5.5°. All subjects’ affected upper-limb motor function had not
hanged since outpatient occupational therapy discharge, per
heir medical records, and as confirmed by their physicians.

After ETMS, subjects showed no functional changes. They
ad new mass wrist extension, resulting in improved ability to
erform FMA wrist items (eg, improved wrist flexion and
xtension), resulting in a mean FMA change of 4.1. There were
ominal changes (mean, 0.3) on the ARAT, with most subjects
imply exhibiting the same abilities as they did at pretesting,
lthough sometimes with improved speed. Consistent with
MA wrist changes, post-ETMS goniometry revealed a mean
ffected wrist extension level of 38°, an increase of 21.5° in
ctive wrist extension.

Patients and their caregivers each reported high compliance
ith the ETMS protocol. These claims were supported by the

ntries in the diaries and corroborated by the ETMS device,
hich can monitor how much it is used. Among the 6 subjects,
nly 4 instances of nonuse were reported during the ETMS
ortion of the protocol. Patients adhered to the prescribed time
imits on days in which ETMS was used.

Table 2: Subject Scores Before and After Each Intervention

Scale

ETMS mCIMT

Pre Post Change* Pre Post Change*

FMA 38.3 42.4 4.1 41.7 55.5 14.5
ARAT 24.8 25.1 0.3 25.2 36.6 11.4

Refers to mean change scores, which were computed using the
ollowing formula:

POST mean�
PRE-1�PRE-2
m2
odified Constraint-Induced Movement Therapy
After ETMS, our subjects had adequate active wrist exten-

ion (20° at the wrist), as well as the requisite movement in
ngers of the affected hand and qualified for mCIMT. Thus, 1
eek after ETMS posttesting, mCIMT was described to them

nd all 6 subjects signed approved consent forms to participate
n an ongoing mCIMT trial. The same rater who administered
he FMA and ARAT before and after ETMS did so again. As
n previous studies,13-15 the 10-week mCIMT intervention con-
isted of 2 components. The first was 30-minute sessions of
herapy for the affected arm, concentrating on more affected
imb use in functional tasks largely chosen by patients and their
reating therapists. Shaping techniques (see Page et al13,14 for a
escription) were used with 2 to 3 upper-limb activities chosen
y the patients (eg, writing, using a fork and spoon). The
econd, which took place during the same 10-week period,
estrained subjects’ unaffected arms every weekday for 5 hours
dentified as a time of frequent arm use. Their arms were
estrained using a cotton hemisling,b while their hands were
laced in mesh, polystyrene-filled mitts with self-adhesive
traps around the wrist.b After 10 weeks, all subjects returned
o the laboratory, where the same rater again administered the
MA and ARAT.
We found that the subjects’ pre-mCIMT scores differed

ominally from their FMA and ARAT scores in the ETMS
osttesting just 1 week earlier. After mCIMT, subjects had
mproved ability to perform FMA wrist items (eg, wrist stabil-
ty; circumduction), and new ability to complete FMA hand
tems, if only partially (eg, hook grasp, pincer grasp, spherical
rasp). As a result, subjects had a post-mCIMT FMA score of
5.5, for a change score of 14.5. Consistent with FMA changes,
hey had improved release of objects on the ARAT grasp and
rip scales, and new ability to pinch small objects such as a
arble and a ball bearing between the affected fingers. These

hanges yielded a mean post score of 36.6, for a change score
f 11.4.

DISCUSSION
Stroke patients with no active movement in their affected

rists and fingers have few options, particularly in the chronic
hase; they are typically discharged from motor therapy and
re unable to perform functional movements at home. More-
ver, they are also ineligible for promising new motor thera-
ies, such as mCIMT, because these regimens, to be effica-
ious, require active movement. Surface ETMS increases
ffected wrist and finger extension in chronic stroke patients,
ncluding those with trace or no initial movement. It is plausi-
le that combining the singularly efficacious regimens of
TMS and mCIMT could initially increase stroke patients’
ctive affected wrist extension, and subsequently improve af-
ected arm function.

Before ETMS, our subjects were able to actively move
roximal areas of their affected limbs, but had no or nominal
ctive extension in the affected wrists and fingers, which was in
ccord with our inclusion criteria. Their motor status had
arely changed since discharge, as confirmed by their medical
ecords and/or physicians. After ETMS, our subjects showed
o functional changes and were not able to perform any new
otor skills. However, they had increased active wrist exten-

ion, as corroborated by mean active affected wrist extension
ncreases of 21.5°, shown by goniometry, and changes in the
rist items of the FMA, resulting in a mean increase of 4.1
oints. With these changes, subjects now had adequate active
rist and finger extension sufficient for them to participate in
� �

CIMT, and all did so. On completion of mCIMT, they had

Arch Phys Med Rehabil Vol 87, January 2006
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dditional, marked reductions in impairment (as reflected in
4.5-point mean change on the FMA), and increases in fine
otor function (reflected in an 11.4 increase on the ARAT).
fter mCIMT, subjects reported new abilities to perform val-
ed activities that they and their therapists selected to practice
uring mCIMT, such as writing, using a computer keyboard,
nd using a television remote control.

Changes effected through ETMS participation were consis-
ent with previous reports of increased movement after
TMS,18,19,22,23 including in stroke patients who initially had

race or minimal active extension.20 The mCIMT-induced
hanges were similar in magnitude and nature to those reported
n recent mCIMT studies,13-16 and further confirm the efficacy
f this promising outpatient, reimbursable regimen. We believe
hat ETMS simulated affected limb use while mCIMT elicited
ffected limb use. These circumstances induced increased af-
ected limb use and resulted in cortical reorganizations and the
bserved functional improvements. This explanation would be
onsistent with recently reported data showing relations be-
ween increased affected limb use, mCIMT-induced cortical
eorganizations, and functional improvements,31 as well as
ecent data showing ETMS-induced cortical reorganizations
nd clinically meaningful changes.32 Unfortunately, in this
tudy, we did not administer a reliable measure of affected limb
se such as activity monitors, or a measure of cortical change
uch as functional magnetic resonance imaging (fMRI). These
re study limitations that we intend to overcome in future work.

This study is among the first to suggest the efficacy of
ombining 2 promising strategies in stroke, and its results
hould increase the number of stroke patients who should
otentially be served by mCIMT. The regimens described here
lso offer the advantage of being almost entirely home-based;
he ETMS regimen was self-administered by subjects in the
ome, while mCIMT required patients to practice for 5 hours a
ay 5 days a week at home. In both instances, high compliance
ith no dropouts was reported. Note, however, that this prom-

sing combined regimen will not solve the problems of patients
ho remain unable to activate the extensors and thus are not

ble to use ETMS. Additionally, it should be remembered that
ur study’s patients were participants in a larger ETMS trial;
any of the patients in the larger ETMS trial did not show

xtension improvements sufficient to participate in mCIMT
nd are not reported here. Thus, a one-size-fits-all approach
annot be used, even in patients with similar impairment levels
ho meet the same inclusion criteria. Future efforts should

epeat methods and findings of this study with larger and more
iverse samples, and attempt to innervate affected musculature
f patients with no motor control of extensors, perhaps by
sing other electric stimulation modalities.
The optimal ETMS duration for stroke patients also needs to

e established in future work, particularly for more impaired
atients such as those described here. Indeed, it seems reason-
ble that stroke patients with less active movement may require
longer ETMS program, with more sessions of longer dura-

ions, than less impaired patients. We are currently investigat-
ng this important question and resolving some of the above
imitations by examining the functional and neural effects of
everal ETMS durations using fMRI at 4T.

CONCLUSIONS
ETMS did not appear to have a functional benefit for chronic

troke patients who have minimal initial active extension.
owever, ETMS markedly increased active wrist extension,

o the degree that subjects were eligible for mCIMT. After

articipating in mCIMT, our subjects had additional motor

rch Phys Med Rehabil Vol 87, January 2006
hanges, including an ability to perform valued activities that
hey had not performed in months or, in some cases, years.

We believe this study is among the first to show improved
unction in stroke patients who initially had little affected hand
otor control, and among the first to effectively combine 2

ingularly efficacious regimens. However, more research is
eeded to establish the optimal duration and timing, as well as
he mechanisms of ETMS in chronic stroke.
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