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CQ Elektronik System
Nowoczesna diagnostyka WWW.Cq. Co m. P I

Terapia rehabilitacy jna
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jedyny aparat do fali uderzeniowej bez kosztow eksploatacii!

efekty terapeutyczne nawet po pierwszym ~ leczenie obejmuje zwykle 3-5 zabiegow
zabiegu w tygodniowych odstepach

terapia nieinwazyjna, w wielu przypadkach = krotkie, kilkuminutowe sesje terapeutyczne
Zapobiega interwencji chirurgicznej

Wskazania do stosowania:

ostroga pietowa ~ tokie¢ tenisisty
kolano skoczka = punkty spustowe
biodro trzaskajace = hallux - paluch koslawy

zespot bolesnego barku

Dowiedz sie wiecej na stronie: www.rosetta-eswt.pl

Skontaktuj sie z nami, by przetestowac aparat za darmo w swoim gabinecie:
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Poczuj sie bezpiecznie

INTER Fizjoterapeuci

Dedykowany Pakiet Ubezpieczen

Zaufaj rozwigzaniom sprawdzonym w branzy medyczne;.
Wykup dedykowany pakiet ubezpieczen INTER Fizjoterapeuci, ktory zapewni Ci:

— ochrong finansowg na wypadek roszczen pacjentow — odszkodowanie w przypadku fizycznej agresji pacjenta

~ NOWE UBEZPIECZENIE OBOWIAZKOWE OC — ochrong finansowa zwigzang z naruszeniem praw pacjenta

— ubezpieczenie wynajmowanego sprzetu fizjoterapeutycznego — odszkodowanie w przypadku nieszczesiwego wypadku

— profesjonalng pomoc radcow prawnych i zwrot kosztow
obstugi prawne;

Nasza oferta byta konsultowana ze stowarzyszeniami zrzeszajgcymi fizjoterapeutow tak, aby najsku-
teczniej chronic i wspieraé Ciebie oraz Twoich pacjentow.

» Skontaktuj sie ze swoim agentem i skorzystaj z wyjatkowej oferty!
Towarzystwo Ubezpieczen INTER Polska S.A.

Al. Jerozolimskie 142 B O
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RoboGait 38 Technomex

RoboGait to system do terapii chodu z asystg robota stosowany na kazdym etapie rehabilitacji u pacjentdw
z niedowtadem lub porazeniem koriczyn dolnych w szczegdlnosci u pacjentéw z urazami mdézgu, rdzenia kregowego,
po przebytych udarach mézgu oraz ze schorzeniami ortopedycznymi.

Zobacz ten produkt na stronie:
neuroreedukgacja.pl/robogait

Dowiedz sie wigcej:
32 40 10 350 wew. 57

L] y
@ i
'y '.:.,
WH'H-nnmmnur“
LTI P
R §
- ).
o el
Cechy kluczowe
Uniwersalna orteza dla pacjentéw dorostych i pediatrycznych
Regulacja sity wspomagania pacjenta
Regulowany uchwyt na miednice pozwalajgey na prace zaréwno z petng stabilizacjg miednicy,
jok i z jej petnym uwolnieniem
Dynamiczne odcigzenie pacjenta (od O do 100 kg - mozliwos¢ regulacji bez przerywania treningu)
Biofeedback zapewniajgey funkcjonalne srodowisko, zwiekszajgce motywacje wykonywanych éwiczen
Narzedzia oceny oraz raporty
32 4010 350 wew. 57 A PHU Technomex Sp. z 0.0. f facebook.com/technomex
% M btas@technomex.pl ul. Szparagowa 15, @ instagram.com/technomexpl
technomex.pl 44-141 Gliwice, Poland > youtube.com/phutechnomex
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Nowoczesna rehabilitacja CPM stawu kolanowego, biodrowego, tokciowego,
barkowego, skokowego, nadgarstka oraz stawow palcow dtoni i kciuka.

H

ARTROMOT-K1 ARTROMOT-5P3 ARTROMOT-53 ARTROMOT-E2 &

Najnowsze konstrukcje ARTROMOT zapewniajg ruch bierny stawdéw w zgodzie
z koncepcjg PNF (Proprioceptive Neuromuscular Facilitation).

KALMED Iwona Renz tel. 61 828 06 86 Serwis i catodobowa
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61-623 Poznan kom. 601 64 02 23, 601 647 877 tel. 501 483 637
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ULTRASONOGRAFY

DLA FIZJOTERAPEUTOW I

i HONDA 2200 e

profesjonalne

kilkudniowe
szkolenie
GRATIS!

CHCESZ MIEC W GABINECIE?
- najlepszy, przenodny ultrasonograf b/w na Swiecie,
- nowoczesne 128-elem. gtowice,

-3 lata gwarangji i niskg cene!

CHCESZ MIEQ?
- szybkq i trafng diagnoze narzadu ruchu i skutecznie dobrang terapie
- sonofeedback w leczeniu schorzen i rehabilitcji pod kontrolg USG,

- wyselekcjonowanie pacjentdw juz na pierwszej wizycie

(rehabilitacja czy skierowanie do szpitala).

CHCESZ ISC NA PROFESJONALNE SZKOLENIE
dla fizjoterapeutow kupujac USG?

CHCESZ MIEC SUPER WARUNKI LEASINGU
i uproszczong procedure przy zakupie USG?
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Effect of Electromyogram-Triggered Stimulation versus
Alternating Electromyogram Stimulation on Hand Functions
in Chronic Stroke Patients: A randomized controlled trial
Wptyw stymulacji wyzwalanej elektromiogramem w porownaniu do naprzemiennej stymulacji

elektromiogramem na funkcje dfoni u pacjentéw po udarze mézgu: Randomizowane badanie
kontrolowane

Dany Alphonse Anwar Habib'(ABD.EF) Abeer AboBakr EI-Wishy?A.DEF)
Ebtessam Mohamed Fahmy3(A.D.EF) Heba A. Bahey El Deen45(C.D),
Shaimaa Shaheen Mohammed3(¢:E); Abd El-Hamiedlbrahim El-Sayed Mohammad®(A.B.EF)

'El-Khazendar General Hospital, Cairo, Egypt

2Faculty of Physical Therapy, Cairo University, Egypt

3Faculty of Medicine, Cairo University, Egypt

4Faculty of Applied Medical Sciences, Al-Jouf University, Qariyaat, Kingdom of Saudi Arabia

5Department of Physical Therapy for Surgery, Faculty of Physical Therapy, Misr University for Science and Technology, Giza, Egypt
8National Institute of Longevity Elderly Sciences NILES BENI-SUEF University, Egypt

Abstract

Aim. The purpose of this study is to compare between electromyogram-triggered stimulation versus alternating
electromyogram stimulation on hand function in chronic stroke patients. Material and Methods. Forty five chronic stroke
patients of both sexes were divided into 3 equal groups (A, B and C). Each group received the same designed physical therapy
program for hand function training in addition to electromyogram-triggered stimulation for group A and alternating
electromyogram stimulation for group B. Each patient was assessed before and after the two months of intervention protocol
by box and block test to evaluate manual dexterity and by electromyography (EMG) threshold to evaluate peak muscle
torque. Results. There was significant post-treatment increase in manual dexterity and peak muscle torque mean scores in
all groups. The percentage of improvement was higher in group B compared to other groups. Conclusion. Adding alternating
electromyogram stimulation or electromyogram-triggered stimulation to a designed physical therapy program for hand
function training improves hand function and peak muscle torque in chronic stroke patients. Alternating electromyogram
stimulation was more effective than electromyogram-triggered stimulation.

Key words:
Electromyogram-triggered stimulation, alternating electromyogram stimulation, rehabilitation; stroke, hand function

Streszczenie

Cel. Celem badania jest poréwnanie stymulacji wyzwalanej elektromiogramem z naprzemienng stymulacja
elektromiogramem na funkcje reki u pacjentéw po udarze mozgu. Materiat i metody. Czterdziestu pieciu pacjentéw obojga
ptci po udarze mézgu podzielono na 3 réwne grupy (A, B i C). Kazda grupa otrzymata ten sam opracowany program
fizjoterapii do treningu funkcji rgk, ponadto do programu leczenia wprowadzono stymulacje wyzwalang elektromiogramem
w grupie A i naprzemienng stymulacje elektromiogramem w grupie B. Kazdego pacjenta oceniono pod katem sprawnosci
manualnej przy uzyciu testu block and box (przektadanie klockéw z jednej komory pudta do drugiej w okreSlonym czasie) i
elektromiografii (EMG) w celu oceny maksymalnego momentu obrotowego miesni przed i po dwdch miesigcach leczenia.
Wyniki. We wszystkich grupach odnotowano znaczacy wzrost sprawnosci manualnej i maksymalnego momentu obrotowego
miesni po leczeniu. Odsetek poprawy byt wyzszy w grupie B w poréwnaniu z innymi grupami. Wnioski. Wprowadzenie
naprzemiennej stymulacji elektromiogramem lub stymulacji wyzwalanej elektromiogramem do zaprojektowanego
programu fizjoterapii w celu treningu funkcji dtoni, poprawia funkcje dtoni i maksymalny moment obrotowy miesni u
pacjentéw po udarze. Stymulacja naprzemienna elektromiogramem okazatg sie bardziej skuteczna niz stymulacja
wyzwalana elektromiogramem.

Stowa kluczowe:
Stymulacja wyzwalana elektromiogramem, stymulacja naprzemienna elektromiogramem, rehabilitacja; udar, funkcja dtoni

Abbreviations:
EMG: Electromyography, NVIES: Neuromuscular electrical stimulation, EMG-NMS: Electromyography-triggered neuromuscular stimulation, LSD: Least significant difference
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Introduction

Stroke is a leading cause of Physical disability in adult popula-
tion [1]. Although most stroke survivors regain independent
mobility, many fail to regain functional use of their impaired
upper limb [2]. Arm paresis may be the most disabling impair-
ment in stroke patients, considering its impact on the ability to
perform activities of daily living [3]. In fact, finger extension is
the most common motor deficit [4]. The grabbing, holding and
handling of items is a routine task that remains impaired in 55
to 75% of patients three to six months after a stroke [5].

A systematic review that focused on techniques to stimulate
upper extremity restoration indicated that upper limb task
completion after stroke is positively altered by goal-specific
sensorimotor input through exercising or using arm and hand
daily [6]. Neuromuscular electrical stimulation (NMES) is
a method used to improve upper limb function grasp efficien-
cy after stroke [7].

Neuromuscular electrical stimulation is a commonly used
therapy for stroke rehabilitation [8]. A meta-analysis by Yang
et al [9] revealed that electrical stimulation effectively impro-
ves arm function in patients after stroke. Electrical stimula-
tion assists in upper limb function restoration, including hand
and arm movements, and cause neuro-plastic changes within
the motor network [10, 11]. Practicing passive-active move-
ment repetitively improved upper extremity motor function
and motor cortex activation in stroke patients [12]. An evi-
dence-based review indicated that rehabilitation strategics
which integrate practicing of active repetitive movements mi-
ght increase upper extremeity function after stroke [13].
Electromyography-triggered ~ neuromuscular  stimulation
(EMG-NMS) is an intervention that combines three modali-
ties: functional electrical stimulation, biofeedback, and exer-
cise. With this combination, EMG-stimulation is capable of
facilitating movement of the hemiparetic upper extremity
with patterned, repetitive, and voluntarily initiated exercises
[14]. Electromyogram-triggered functional electrical stimula-
tion requires cognitive involvement by the motor cortex,
where it involves a voluntary muscle contraction for a selec-
ted movement until the muscle action reaches a pre-determi-
ned threshold level, and then an assisting electrical stimulus
begins [3, 15]. Several studies suggest that EMG-NMES may
produce changes in cortical activation patterns and excitabili-
ty in chronic stroke [16, 17, 18]. Adding EMG-NMES to co-
nventional therapy programs improves short-term upper limb
impairment and may be included in clinical practice to achie-
ve greater gains on post-stroke upper limb impairment [19].
Another type of electrical stimulation is alternating EMG-sti-
mulation. Alternating EMG-stimulation delivers neuromuscu-
lar electric stimulation and EMG in a repeated manner. An
electric stimulation is delivered to the targeted muscle during
the rest period so that stroke patient can understand what the
muscle contraction should feel like. During the work period,
contraction accomplished throughout the stimulation period
(rest period) should be repeated volitionally by the patient to
reach a pre-determined threshold target. A combination of sti-
mulation and repeating action will reinforce the muscles and
help relearn the normal reflexes. Alternating EMG-stimula-

www.fizjoterapiapolska.pl
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tion combines electrical stimulation, repeated limb movement,
and biofeedback, where the patient during the work period will
try to contract until he/she reaches a target EMG level [20].

Aim of the study

The purpose of this study was to compare the efficacy of alter-
nating EMG-stimulation versus electromyography-triggered
neuromuscular stimulation on hand function in chronic stroke
patients.

Material and methods

Study design

This study was a randomized controlled clinical trial conduc-
ted at the Faculty of Physical Therapy, Cairo University. The
study was approved by the local ethical committee of the Fa-
culty of Physical Therapy, Cairo University (No: P.T.REC/
012/001665). The study’s aim and procedures were explained
to the patients and a written consent was taken prior to partici-
pation.

Subjects

Forty five stroke patients (36 males and 9 females), aged between
50 and 65 years were recruited from the Outpatient Clinics, Fa-
culty of Physical Therapy, Cairo University, Egypt. Patients were
selected according to the following inclusion criteria: Chronic
stroke patients with duration of illness ranging from 6 to 18 mon-
ths from the stroke onset, grade two or more of muscle power for
elbow and shoulder flexors on manual muscle testing grading
scale, spasticity of the upper limb less than 1+ on the Modified
Ashworth Scale, full passive range of motion of the wrist, thumb,
index, and long finger metacarpophalangeal joints of the affected
limb, a minimum level of hand function - (patients who were able
to grasp and release a minimum of one block in the Box and
Block Test), light touch test and position test for the upper limb
of the Stroke Impairment Assessment Set = 0 (not affected), and
Mini-Mental State Examination score > 21 (can understand sim-
ple verbal instructions).

Exclusion criteria were: Contractures and/or limitation in the
range of motion for wrist joints, shoulder pain that might re-
strict movement, spasticity of the upper limb more than 1+ on
the Modified Ashworth Scale, patients with contraindications
for electrical stimulation (pacemakers or altered tissue sensa-
tion), comorbidities affecting upper limb function (e.g. oste-
oarthritis, carpal tunnel syndrome, previous hand surgeries...
etc.), and pre-existing musculoskeletal disease significantly af-
fecting physical function.

Randomization

The patients were randomly allocated at the first visit using an
online random number calculator to one of three equal groups.
Each group consisted of 15 patients (study group A received
EMG-triggered stimulation coupled with the designed pro-
gram for hand function training, study group B received alter-
nating EMG stimulation coupled with the designed program
for hand functions training, and control group C received the
designed program for hand functions training only). Figure 1.
illustrates patient flow chart.
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215 chronic hemiparetic participants

Exclusion criteria (n = 170)

Spasticlty > 1-+/(a=175).
previous hand surgeries (n=5)
pacemaker (n = 3)
limitation in the range of motion (n = 52)
Shoulder pain (o = 35)

]
- Allocated to EMG

i 7+ o Allocated to alternating EMG Allocated to hand
s e stimulation group (n = 15) functions training
group (n = I5) group (n = 15)

~intervention (n = | 5)_}

intervention (n = 15)

intervention (n = 15)

Completed
analysis (n = 15)

Completed
analysis (n = 15)

Completed

Figure 2. Plot of sample size calculation

Procedures
Outcome measurements were collected for all participants
before the study and 2 months after the intervention protocol.

Instrumentation for evaluation only

Box and Block Test

It is a manual dexterity measuring tool for stroke patients
which is valid and reliable. The test involves transferring squ-
are wooden blocks (2.54 ¢cm) from one side to the other side
of a square box (20.32 cm) by passing over a wooden parti-
tion (12.70 cm height). The patient can try the test for 15-se-
cond as a trial and after correction of errors in their
performance; the patient start transferring blocks as many as
he can for 1 minute allowed time. The number of blocks
transferred in 1 minute is recorded. Lower scores represent
higher hand function impairment [21, 22].

Instrumentation for evaluation and treatment

MpyoTrac Infiniti device (T9800, Thought Technology Ltd.
Montreal, Quebec, Canada): This device was used to assess
peak muscle torque and to deliver alternating and EMG-trig-
gered stimulation. Electromyography threshold is the EMG
amplitude proportional to the peak muscle torque that can be
exerted by the underlying muscle. During muscle contraction,
electrodes attached to the skin surface detected the electrical
activity generated in the muscle. For isometric and/or isotonic
contractions with constant speed, the EMG signal magnitude is
directly equivalent to the muscle strength [23].

Surface electrode detected electromyography signal from mu-
scle contraction and an electrical stimulation is delivered in
proportion to the integrated EMG signal. The other electrode
was placed approximately one inch below the first active
electrode. The ground electrode was attached three inches
away from either active electrode anywhere on the forearm.
Stimulation intensity (pulse amplitude) was adjusted to reach
full joint movement, yet can be tolerated by the patient. Sti-
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mulation was delivered via a biphasic waveform, with a pulse
duration (pulse width) of 300 ps. Pulse frequency (pulse rate)
was adjusted to participant comfort but was kept between
a range of 20 and 40 Hz. The duty cycle was set at 5 seconds
on and 20 seconds off [24].

Designed physical therapy program for all groups (A, B and C)
Before each treatment session: The therapist performed general
passive range of motion (ROM) activity for the affected arm,
followed by short periods of gentle stretching to the wrist and
finger flexors [25]. Each patient in all groups received a desi-
gned hand function training and a home program. For patients
in group (A) they received EMG-triggered stimulation. The
threshold that the patient was able to reach was automatically
calculated and displayed. The patient continued to reach that
target throughout the remainder of the session. Once the target
threshold was reached, the device would stimulate the target
muscle and then the patient was asked to perform the hand
function training [26]. For patients in group (B) they received
alternating EMG stimulation. The threshold that the patient
was able to reach was automatically calculated and displayed.
The patient continued to reach that target throughout the rema-
inder of the session. During the work period, the MyoTrac Infi-
niti device delivered an electrical impulse to contract the
targeted muscle. During the rest period, the patient voluntarily
contracted the targeted muscle in a manner similar to what was
felt in the previous work period, then he performed the hand
function training [20]. For patients in control group C, electro-
des were used with the stimulator unit as placebo.

Each treatment session continued for 30 minutes, 3 days/week
for 8 weeks. Each hand function was repeated as much as po-
ssible throughout the treatment time. Treatment session was
divided equally on the learning tasks with 60 second rest be-
tween each task [27]. Peak muscle torque (uv) and manual de-
xterity were assessed before the study and 8 weeks after the
training program.
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Hand functions training

This training consisted of different tasks of progressively in-
creasing difficulty; difficulty of the training was increased
every week, depending on the progress gained in the previous
task. The patient could progress to the next task if he/she per-
formed (completed) the task successfully without difficulty or
without taking a long time (more than 60 seconds).

Hand function tasks include: grasping, gripping, pinching,
button-pressing tasks, finger spreading with rubber band, and
reaching computer mouse [28, 26].

Home program

Participants were shown by the physiotherapist how to practice
functional tasks at home using the hemiplegic arm for 2 ses-
sions of 30 minutes a day. These tasks included picking up
a bath sponge and attempting to wash the opposite arm with it,
picking up a small juice can and pouring the contents into
a glass, picking up a cup and attempting to drink, holding a 4-
ounce jar of coffee while unscrewing the lid with the unaffec-
ted hand, grasping and releasing a 2.5 cm block (cube), gra-
sping and releasing a ball (7.5 cm in diameter), as well as
practicing gross movements (such as hand to mouth, hand to
top of head and hand to behind the head) [29].
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Data analysis

Statistical analysis was conducted using statistical SPSS Package
Program version 25 for Windows (SPSS, Inc., Chicago, IL). De-
scriptive statistics data included the mean and standard deviation for
demographic data, action research arm test (unaffected), action rese-
arch arm test (affected), and EMG variables. Paired t-test was used to
compare pre- and post-treatment within each group for action rese-
arch arm test (unaffected), action research arm test (affected), and
EMG variables. One-way analysis of variance (ANOVA-test) was
used to compare groups A, B, and C for demographic data, action re-
search arm test (unaffected), action research arm test (affected), and
EMG variables. Post-hoc least significant difference test was used to
compare pairs of groups for post-treatment of the tested variables
when significant differences were observed from the ANOVA test.
All statistical analyses were significant at 0.05 level of probability
(P <0.05). There was no need to do intention to treat analysis becau-
se there was no patient withdrawal from the study.

Results

General and clinical characteristics of patients

Table 1. represents the mean values of general and clinical data
in groups A, B and C. Statistical analysis revealed no significant
differences (P > 0.05) in demographic data groups A, B and C.

Table 1. General and clinical characteristics between groups A, B and C (n = 15/ group)

Items Group A
Age (Year) Mean + SD 57.87+4.92
Weight (kg) Mean £+ SD 80.80 + 15.52
Height (cm) Mean + SD 168.67 + 6.99
Male 13 (87%)
Gender
Female 2 (13%)
Right 15 (100%)
Handedness
Left 0 (0%)
Duration of illness Mean + SD 10.07 £ 3.17
Mini-mental score Mean + SD 27.47 +£0.91
. Right 9 (60%)
Affected side
Left 6 (40%)

Muscle power

Elbow flexion Mean + SD 4.13+0.51
Elbow extension Mean + SD 3.27+0.45
Shoulder flexion Mean + SD 3.53+0.64

Muscle tone according to Modified Ashworth scale

Zero 6 (40%)

Shoulder 1 6 (40%)
1+ 3 (20%)

Zero 6 (40%)

Elbow 1 6 (40%)
1+ 3 (20%)

Zero 8 (53%)

Wrist 1 3 (20%)
1+ 4 (27%)

Group B Group C p-value
5733 +4.11 57.93 +4.63 0.925
76.47 £ 12.66 79.67 +7.43 0.611
165.13 + 8.96 169.47 + 6.64 0.263
11 (73% 12 (80%
(73%) (80%) 0.659
4. (27%) 3 (20%)
14 (93% 15 (100%
(93%) (100%) 0.360
1 (7%) 0 (0%)
10.33 +£2.74 10.93 + 3.08 0.723
2747 +1.18 27.20+0.94 0.713
10 (67% 12 (80%
(67%) (80%) 0.484
5(33%) 3 (20%)
413 +0.51 4.00 + 0.65 0.759
3.47+£0.51 3.47+0.51 0.453
3.53 +£0.64 3.40+0.51 0.782
5(33%) 8 (53%)
7 (47%) 5 (33%) 0.858
3 (20%) 2 (14%)
7 (46%) 7 (47%)
4 (27%) 5 (33%) 0.951
4 (27%) 3 (20%)
8 (53%) 8 (53%)
3 (20%) 4 (27%) 0.984
4 (27%) 3 (20%)

SD: standard deviation, %: percentage, P-value: probability value, P > 0.05 non-significant
p g p
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Results of box and block test (unaffected side)
Table 2. represents the mean values of box and block test
(unaffected side) in groups A, B, and C.

Table 2. Comparison of mean values of box and block test within and between groups

Score of box and block Group A Group B Group C p-value
test
Pre-treatment (Mean + SD) 57.93 + 8.38 58.33 £ 6.54 54.40 + 6.81 0.278
Post-treatment (Mean + SD) 58.80 +7.74 59.40 + 6.47 54.49 + 6.36 0.256
Mean difference 0.87 1.07 0.09
Improvement% 1.50% 1.83% 0.17%
P-value 0.617 0.753 0.981

SD: standard deviation, %: percentage, P-value: probability value

Results of box and block test (affected side)

Table 3. and Figure 2. represent the mean values of box and
block test (affected side) in groups A, B, and C. Statistical ana-
lysis by paired t-test revealed that there were significant pre-
and post- treatment differences within all groups with percenta-
ge of improvement equal to 61.57, 74.81, and 21.91%, respecti-
vely (P =0.0001). So, the alternating group (group B) improved
box and block test (affected side) compared to EMG-triggered
and control groups. Statistical analysis by ANOVA test revealed

no significant difference before treatment (P = 0.973), while
there was significant post-treatment difference (P = 0.011)
among groups A, B, and C. Post-hoc LSD (least significant dif-
ference) test revealed significant post-treatment differences be-
tween group A versus group C (P = 0.040), and group B versus
group C (P =0.003), but no significant difference between group
A versus group B (P = 0.333). Mean differences between groups
showed that group B recorded the highest post-treatment results
at the box and block test (affected side) as shown in Table 4.

Table 3. Comparison of mean values of box and block test within and between groups

Score of box and block Group A Group B Group C p-value
test
Pre-treatment (Mean + SD) 26.80 £ 16.01 27.67+13.23 26.52 £ 12.36 0.973
Post-treatment (Mean + SD) 43.30+10.90 48.37 £ 14.48 32.33 +£16.59 0.011*
Mean difference 16.50 20.70 5.81
Improvement% 61.57% 74.81% 21.91%
P-value 0.0001* 0.0001* 0.003*

SD: standard deviation, %: percentage, P-value: probability value, * significant (P < 0.05)

Table 4. LSD-Post-hoc test for comparison of post treatment mean value of box and block test between groups A, B, and C

Group A vs. Group B

Difference P-value

Group A vs. Group C Group B vs. Group C

Difference P-value Difference P-value

Post-box and block
(affected)

5.07 0.333

SD: standard deviation, P-value: probability value, * significant (P < 0.05)
W Post-treatment

W Pre-treatment

148,52
150 137,8

Group A

100 83,67

82,87

peak muscle torque (pv)

0
Group B

176

106
84 I

10.97 0.040%* 16.05 0.003*

Figure 2. Comparison of mean values of box
and block test within and between groups

Group C
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Peak muscle torque (uv)

Table 5. and Figure 3. represent the mean values of peak mu-
scle torque in groups A, B, and C. Statistical analysis by pa-
ired t-test revealed significant differences pre- and post- peak
muscle torque within all groups with improvement percenta-
ge of 64.69, 79.22, and 26.19%, respectively (P = 0.0001).
So, the alternating group (group B) improved peak muscle to-
rque compared to EMG-triggered and control groups. Stati-
stical analysis by ANOVA test revealed no significant
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difference before treatment (P = 0.973), while there was signi-
ficant post-treatment difference (P = 0.011) among groups A,
B, and C. Post-hoc LSD test revealed significant post-treat-
ment differences between group A versus group C (P = 0.038),
and group B versus group C (P = 0.007), but no significant
difference between group A versus group B (P = 0.475). Mean
differences between groups showed that group B recorded the
highest post-treatment results at the peak muscle torque values
as shown in Table 6.

Table 5. Comparison of mean values of peak muscle torque within and between groups

Score of peak muscle Group A Group B Group C p-value
torque (pv)
Pre-treatment (Mean + SD) 83.67 +£31.73 82.87 £19.84 84.00 + 33.47 0.998
Post-treatment (Mean + SD) 137.80 +21.61 148.52 +39.99 106.00 + 43.89 0.018*
Mean difference 54.13 65.65 22.00
Improvement% 64.69% 79.22% 26.19%
P-value 0.0001* 0.0001* 0.0001*

SD: standard deviation, %: percentage, P-value: probability value, * significant (P < 0.05)

Table 4. LSD-Post-hoc test for comparison of post treatment mean value of box and block test between groups A, B, and C

Group A vs. Group B

Difference P-value

Group A vs. Group C Group B vs. Group C

Difference P-value Difference P-value

Post- peak muscle torque 10.72 0.475

SD: standard deviation, P-value: probability value, * significant (P < 0.05)

W Pre-treatment m Post-treatment

60

g

@ 48,37

T

5]

& 40

,

é 2767

: 2[} I I

[+

-

=]

@

0
Group A Group B

Discussion

Studies indicated that upper limb hemiparesis motor control
is promoted through repetitive movement therapy mediated
by surface neuromuscular electrical stimulation [24].

Data analysis revealed significant improvement in manual
dexterity and peak muscle torque within each group after the
treatment. The percentage of improvement was more signifi-
cant in alternating electromyogram stimulation group compa-
red to electromyogram-triggered and control groups.

Increments in the box and block test score and peak muscle
torque for the EMG-NMES group agreed with the findings of
Cauraugh et al [25] who reported that electromyography-trig-
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26,52

31.80 0.038* 42.52 0.007*

32,33

I Figure 3. Comparison of mean values of peak

muscle torque (uv) within and between groups

Group C

gered neuromuscular electrical stimulation group moved si-
gnificantly more blocks in the box and block test, and display-
ed a higher isometric force impulse in force generation tasks
(sustained muscular contraction) compared to the control gro-
up after the rehabilitation treatment. Kimberley et al [16] also
recommended  electromyography-triggered neuromuscular
electrical stimulation to improve functional measures of motor
performance. Assessment of arm using box and block test,
Jebsen Taylor Hand Function Test, isometric finger extension
strength, and self-rated motor activity log were all improved
after the treatment program. Shin et al [17] also stated that
electromyography-triggered neuromuscular electrical stimula-
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tion showed significant improvement in four functional tests
(box and block, accuracy index, strength, and the on/offset ti-
me of muscle contraction), after its application to wrist exten-
sor of the hemiparetic hand in stroke patients. Hara et al [30]
found that root mean square of target muscle EMG were si-
gnificantly increased after combining electromyography with
functional electric stimulation, which also improved active
range of motion, spasticity, and hand performance. Moreover,
Amasyali & Yaliman [15] found that EMG-stimulation was
effective in improving upper limb function in stroke patients
after comparing electromyography-triggered neuromuscular
stimulation to mirror therapy. Fugl-Meyer motor scale, grip
force, wrist extension range, and box and block test results
improved after intervention.

The results of this study revealed that alternating electromy-
ogram stimulation group had significant improvement in
hand dexterity and peak muscle torque. To the best of our
knowledge, no previous studies have been conducted on al-
ternating electromyogram stimulation, and this is the first
study in Egypt to apply electromyogram-triggered stimula-
tion in stroke patients. The idea of alternating EMG-stimula-
tion is based on “Before Task Performance” (Modeling
Feedback). Modeling refers to the method of reproducing ac-
tions that another person has performed. Such demonstrations
are powerful sources of information, given to the patient be-
fore the task performance, that provide the observer with the
pattern and goal of the movement as well as information abo-
ut the way such movements are coordinated and related to
one another. Such information is difficult to put into words
yet can be demonstrated easily through modeling feedback
[31]. Delivering proprioceptive prescriptive information of
hand movement with passive practice leads to significant im-
provement in active reproduction of this new motor skill [32].
Purely passive movement stimulates some brain areas that are
also active during volitional movement. Passive training can
also promote long term neural plasticity in both motor and
sensory cortices of healthy subjects [33].

Improvement of hand dexterity and peak muscle torque after
electromyogram-triggered stimulation and alternating elec-
tromyogram stimulation may be explained in view of active
participation from the patient, as the patient is asked to
extend the hand actively. Active participation leads to positi-

Acknowledgements

ve results compared to passive electric stimulation. Initiating
motor actions voluntarily is known to be more effective in
strengthening the muscles. Moreover, electromyogram-trigge-
red stimulation and alternating electromyogram stimulation
require cognitive involvement of the motor cortex [3]. Func-
tional magnetic resonance imaging studies have shown that
adding the cognitive component to active NMES exerts a posi-
tive effect on neuroplasticity [34].

A possible explanation that alternating electromyogram stimu-
lation had the highest percentage of improvement after the tre-
atment is that it introduces both the advantages of passive
training (Modeling Feedback), provided by neuromuscular
electrical stimulation, and augmented feedback (provided by
EMG feedback), as the patient is asked to actively reach a tar-
geted EMG biofeedback level after the passive movement.,

Conclusion

Adding alternating electromyogram stimulation or electromy-
ogram-triggered stimulation to a designed physical therapy
program for hand function training improves hand function
and peak muscle torque in chronic stroke patients. Alternating
electromyogram stimulation was more effective than electro-
myogram-triggered stimulation.

Limitations of the study

The use of alternating electromyogram stimulation or electro-
myogram-triggered stimulation in addition to a designed phy-
sical therapy program for hand function training was effective
in improving hand function in chronic stroke patients. Yet,
there was no further follow-up taking place after the asses-
sment, and this is considered a limitation that could be investi-
gated in other research. Also, no sample size calculation was
done because there have been previously no studies conducted
on alternating electromyogram stimulation.
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