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Original Article

At a Glance Commentary

Scientific background of the subject

Neuromuscular electric stimula‑
tion  (NMES) induces repeated passive 
muscular contraction, promoting the 
perfusion/oxygenation of the regional tis‑
sues. Investigation regarding the effect of 
a repeated NMES intervention protocol 
on segmental fluid distribution, chemical 
composition and hemodynamic properties 
of hemiplegic extremities following stroke 
are still lacking.

What this study adds to the field

Repeated NMES treatment delays 
stroke‑related decline of peripheral vas‑
cular function and segmental fluid redis‑
tribution in the paretic upper extremities of 
patients with hemiplegia. It also maintains 
the regional tissue in a favorable nutritional 
status. Additionally, resistance training 
for the non‑paretic extremities may be 
included in the rehabilitation program 
to attenuate the decline of hemodynamic 
function.

Background:	 Neuromuscular electric stimulation  (NMES) induces 
repeated muscular contraction, possibly promoting the 
perfusion/oxygenation of the regional tissues. It remains 
unclear how NMES influences vascular hemodynamic 
property and segmental fluid distribution/composition in 
paretic extremities of hemiplegic patients.

Methods:	 Eleven hemiplegic patients aged 62.6 ± 12.5 years in the 
subacute stage of stroke received NMES for paretic wrist 
extensor and flexor muscles 30 min daily, 5 days per week 
for 4 weeks. The non‑paretic upper extremities (NPUE) 
that did not receive NMES served as control. Distribu‑
tion of fluid to intra/extracellular milieu and arterial 
hemodynamic properties were determined by using the 
multi‑frequency bioelectrical impedance and pulse wave 
analysis, respectively.

Results:	 Compared with NPUE without NMES, paretic upper 
extremity (PUE) with NMES revealed a significantly 
less decrease in arterial blood flow, impedance quotient, 
slope quotient, and less increase in crest width and 
crest time of arterial pulse wave. NMES for 4 weeks 
increased body cell mass in PUE. Furthermore, NPUE 
without NMES reduced intracellular water, whereas 
PUE with NMES retarded loss of intracellular water 
after stroke.

Conclusion:	 NMES therapy increases body cell mass, attenuates reduc‑
tion of intracellular water, and alleviates arterial hemody‑
namic disturbance in PUE in subacute stroke. However, stroke‑related physical deconditioning may 
negatively regulate body composition and impair hemodynamic function in NPUE.

	 (Biomed J 2014;37:205-210)
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composition and hemodynamic properties may be altered by 
NMES. This passive muscle pumping might as well improve 
segmental fluid distribution in paralyzed musculature.

Therefore, repeated muscle contraction by NMES elic‑
its regional metabolism and enhances local perfusion and 
oxygenation in the deconditioned limb, which mimics the 
effect of exercise. Accordingly, we hypothesize that NMES 
improves hemodynamic function, which is accompanied by 
modulated distribution of fluid to intra/extracellular milieu 
and chemical composition of segmental tissues in hemiple‑
gic extremities of patients with stroke.

The aim of the present study was to evaluate the effects 
of 4‑week NMES on arterial properties, fluid distribution, 
and body composition in PUE of patients who are being 
rehabilitated in the subacute stage after stroke. This work 
specifically used a rheographic pulse wave analysis to assess 
the hemodynamic property of artery, and simultaneously 
employed a multi‑frequency bioelectrical impedance analy‑
sis to measure the distribution of fluid to intra/extracellular 
milieu and the chemical composition of segmental tissues.

METHODS

Patients

Stroke survivors admitted to the inpatient rehabilita‑
tion ward of a tertiary medical center  (Chang Gung Me‑
morial Hospital) within 6 weeks of their unilateral stroke 
were screened for inclusion. The inclusion criteria were 
as follows: (1) patients with severe upper extremity pare‑
sis (Brunnstrom stage I to II), (2) normal function in their 
nonparalytic upper extremities, (3) dependent ambulation, 
and (4) stable neurologic and medical status. All patients 
had a brain computed tomography scan, and the stroke 
was categorized as intracerebral hemorrhage or infarction. 
Paretic upper limbs of the participants were not considered 
edematous if they did not meet any of the following crite‑
ria: (1) dorsal swelling in the hand over the carpal bones; (2) 
fusiform edema of the metacarpophalangeal and proximal 
interphalangeal joints; (3) changes in temperature, color, or 
dryness; and (4) loss of dorsal skin lines and potential change 
of fingernails.[15] Subjects were excluded if they had a history 
of significant cardiac arrhythmias, cardiac pacemaker im‑
plantation, post‑stroke seizure, reflex sympathetic dystrophy, 
recurrent stroke, and any other condition that might have 
resulted in weakness of the paretic limbs. The institutional 
review board at Chang Gung Memorial Hospital approved 
this study. Written informed consent was obtained from all 
patients before the study.

Intervention

All patients underwent standard physical, occupational, 
and speech therapy as routine on a daily basis in the inpatient 

Limb deconditioning impairs endothelial vascular control, 
decreases vessel compliance, and subsequently causes 

vascular atrophy.[1,2] Although hemiplegic extremities after 
stroke may depress the vascular tone by autonomic vasomo‑
tor dysfunction, prolonged inactivity in the paretic extremi‑
ties may lead to vasoconstriction by decreased shear flow.[1,3] 
In clinical observations, the paretic extremities frequently 
revealed lower skin temperature than the non‑paretic extrem‑
ities in hemiplegic patients.[3] Our previous investigations 
further demonstrated that paretic upper extremities (PUE) 
were associated with decreased hyperemic arterial inflow 
and endothelium‑dependent cutaneous vasodilation in 
patients with stroke in the subacute stage.[4,5] Moreover, 
dysfunction in cutaneous microcirculation tends to be more 
pronounced in the edematous than in the non‑edematous 
extremities.[4]

Edema refers to excessive accumulation of serous fluid 
in the extracellular spaces. It tends to develop in extremities 
that are in a dependent position or inactive owing to weak‑
ness, paralysis, or pain.[6] Previous investigations found 
an incidence of hand edema, ranging from 16% to 82.5%, 
following a stroke.[7] Hand edema is likely to cause disfig‑
ured, disabling, reduced nutrition, contracture, and pain.[6,8] 
Although preventing or alleviating edema of paretic extremi‑
ties is critical in rehabilitating stroke patients, treatment with 
high‑level evidence is currently unavailable (e.g., electrical 
stimulation).[9] Faghri et  al., investigated the immediate 
effect of neuromuscular electric stimulation  (NMES) on 
hand edema after only one session of 30‑min treatment 
in patients with stroke less than 6 months (n = 8), which 
demonstrated that hand edema was reduced compared to 
elevation.[8] Investigation regarding the effect of a repeated 
NMES intervention protocol on segmental fluid distribution 
of hemiplegic extremities is still lacking.

NMES is a common physical modality used for recon‑
ditioning the patients with stroke. This modality induces 
a repeated muscular contraction, possibly promoting the 
perfusion/oxygenation of the regional tissues.[10] In addition 
to its effect on motor recovery facilitation and poststroke 
shoulder pain relief,[11,12] literature regarding the effect of 
NMES on vascular property, segmental chemical composi‑
tion, and fluid redistribution in paretic limbs is few.[8] Our 
previous study showed that NMES enhances endothelial 
function in the paretic limbs in the patients with stroke.[5] 
Additionally, NMES has been employed to enhance healing 
in pressure ulcers, venous ulcers, and diabetic ulcers. The 
primary effect of electrical stimulation on wound healing 
is due to an increase in skin perfusion by reducing sympa‑
thetic nervous system vasoconstriction of arteriolar smooth 
muscle, thus increasing skin blood flow.[10,13] NMES is also 
used for the purpose of muscle strengthening,[14] in which 
the protein synthesis is increased. Thus, regional chemical 
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rehabilitation program. Additionally, all patients received 
30 min of NMES on PUE daily and 5 days per week for 
4 weeks. The patients received reciprocal electric stimulation 
for wrist extensors and flexors using two pairs of self‑ad‑
hesive electrodes (NM III NMES; Rehabilicare, 1811 Old 
Hwy 8, New Brighton, MN 55112).[5] On the extensor side, 
one electrode was placed proximally over the forearm 3 cm 
below the lateral epicondyle of humerus and the other was 
placed distally on the forearm 3 cm above the line across the 
radial and ulnar styloid process. On the flexor side, one elec‑
trode was placed proximally over the forearm 3 cm below the 
line across the medial and lateral epicondyle of the humerus 
and the other was placed distally on the forearm 3 cm above 
the proximal wrist crease [Figure 1a and b, supplementary]. 
The current intensity was set to produce reciprocal wrist and 
fingers’ extension and flexion below the pain threshold, with 
a duty cycle of 10 sec on and 5 sec off. The stimulus pulse 
was a biphasic waveform with amplitude ranging from 10 
to 40 mA, a frequency at 35 Hz, and a ramping up and down 
time of 2 sec each. About 60 cycles of wrist extension and 
flexion occurred during each session. All treatments were 
carried out under the supervision of a single trained therapist 
using a standardized protocol.[5] The current intensity of 
electric stimulation and patient’s compliance was recorded 
in a diary. Rheographic pulse wave and body composition 
analysis were performed in both PUE and non‑paretic upper 
extremities (NPUE) on the same day prior to the first‑time 
NMES treatment and on the next day after the last session. 
The measurements were carried out between 8 and 12 a.m. 
to avoid diurnal disturbance.

Pulse wave analysis

Baseline hemodynamic characteristics of NPUE and 
PUE were measured by impedance plethysmography (Rheo‑

screen® compact; Medis, Ilmenau, Germany).[16] Subjects 
were permitted 10 min of supine rest before testing. The 
measuring electrodes were placed on the flexor side of 
forearm on the same location as electric stimulation.
Basic impedance: Absolute impedance at the maximum of 
the pulse wave.
•	� Impedance quotient (IQ): Ratio of amplitude and basic 

impedance.
•	� Slope quotient (SQ): Ratio of maximal slope and basic 

impedance.
•	� Crest width (CW): Time delay between two curve points 

on either side of the curve maximum at a level of 95% of 
the amplitude.

•	� Crest time (CT): Time delay between the point of slope 
rise onset and the maximum of the curve.

•	� Propagation time (PT): Time delay between the R‑peak in 
the ECG and the corresponding point of slope rise onset 
in the impedance signal.

•	� Alternating blood flow  (ABF): The amount of blood 
pumping through the measuring segment during a heart‑
beat.

Body composition analysis

Maltron® BioScan 920‑2S Analyser was employed. 
Baseline body composition characteristics of NPUE and 
PUE were measured by bioelectrical impedence analy‑
sis.[17,18] Subjects were permitted 10  min of supine rest 
before testing. Low‑level electrical currents, i.e. 5, 50, 100, 
224 kHz, were passed through the body, and then impedance 
or opposition to flow of current was measured. This current 
at low frequencies (5 kHz) passed through the extracellular 
fluids only; at higher frequencies, it penetrated cell mem‑
branes and passed through the intracellular fluid, as well as 
the extracellular fluids. Given that fat was anhydrous and a 
poor conductor of electrical current, the body impedance, 
measured at the constant frequency 50 kHz, primarily re‑
flects the volume of the water and muscle compartments 
comprising the free fat mass (FFM) and the extracellular 
water volume. Accordingly, total body water  (TBW), 
intracellular body water  (ICW), and extracellular body 
water (ECW) of extremities were determined in this study. 
Additionally, this method also analyzed chemical contents 
of protein, mineral, and glycogen, amount of muscle, fat, 
body cell mass (BCM), and ECM in non‑paretic and paretic 
body sides.

Statistical analysis

Data were expressed as mean ± SEM. The statisti‑
cal software package StatView IV was used to analyze 
the data. Paired t‑test was used to compare various pa‑
rameters between PUE and NPUE before intervention. 
Repeated‑measure analysis of variance  (ANOVA) was 

Figure 1: (A and B supplementary) The electrode placement of 
neuromuscular eletric stimulation on the extensor (A) and flexor (B) 
side of forearm in the paretic side.

B

A
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employed to compare PUE and NPUE before and after 
4‑week intervention. Differences were considered signifi‑
cant at P < 0.05.

RESULTS

A total of 11  patients  (5 men and 6 women), aged 
62.6 ± 12.5 years, who had completed the NMES program 
were included in this study. Of them, seven had cerebral 
infarction and four had cerebral hemorrhage. The interval 
between stroke onset and rehabilitation was 15.6 ± 6.6 days. 
They received NMES treatment for 18.4 ± 2.7 times. No 
subject dropped out or had hand edema in either NPUE or 
PUE during intervention. All patients were admitted in the 
hospital throughout the intervention phase of this study. 
After 4‑week follow‑up, the Brunnstrom stage of PUE in 
the patients was all graded as II.

Pulse wave analysis

Before NMES treatment, the IQ, SQ, CT, CW, PT, and 
ABF of arterial pulse wave of PUE did not differ signifi‑
cantly from those of NPUE [Table 1]. After 4‑week NMES 
treatment, NPUE had less decreased IQ, SQ, and ABF and 
less increased CT and CW of arterial pulse wave than those 
of PUE [Figure 2].

Body water distribution

Before NMES treatment, various body water contents, 
such as TBW, ECW, and ICW, did not differ significantly 
between NPUE and PUE [Table 1]. However, after NMES 
regimen, PUE had increased levels of TBW, ICW, and ECW 
in contrast to those in NPUE. Additionally, ECW/TBW in‑

creased in both NPUE and PUE and did not differ between 
them after NMES treatment [Figure 3].

Body composition

Before NMES treatment, the body composition, includ‑
ing water, fat, protein, mineral, and glycogen of PUE did not 

Table 1: Basic values of arterial pulse wave, body water 
contents, and body composition in non‑paretic and paretic upper 
extremities of patients with hemiplegia before intervention

NPUE PUE

Arterial pulse wave
IQ (p.m.) 0.73±0.21 0.72±0.30
SQ (p.m./s) 11.2±2.1 9.3±2.5
CT (ms) 85.2±8.5 90.2±9.8
CW (ms) 40.1±5.1 41.9±4.2
PT (ms) 137±12 139±8
ABF (%/min) 42.5±5.1 39.5±4.2

Body Water Contents
TBW (%) 48.5±4.2 47.3±5.2
ECW (%) 17.2±3.1 17.0±4.0
ICW (%) 31.2±4.2 30.4±3.5
ECW/TBW (ratio) 35.2±3.2 35.0±4.3

Body composition
Fat (%) 32.1±3.2 33.5±3.5
Protein (%) 9.2±1.9 9.0±2.1
Glycogen (%) 4.1±0.9 3.9±0.8
Mineral (%) 5.8±1.4 5.6±1.2
BCM (%) 24.4±4.5 21.3±5.1
ECM (%) 43.5±6.8 45.2±6.2

Abbreviations: PUE: paretic upper extremities; NPUE: Non‑paretic 
upper extremities; BCM: Body cell mass; ECM: Extracellular mass; 
TBW: Total body water; ECW: Extracellular water; ICW: Intracellular 
water; IQ: Impedance quotient; SQ: Slope quotient; CT: Crest time; 
CW: Crest width; PT: Propagation time; ABF: Alternating blood flow; 
p.m. = per mille

Figure 2: Changes in arterial pulse wave (%) after neuromuscular 
electric stimulation, *p < 0.05 (NPUE vs. PUE) (NPUE: Non‑paretic 
upper extremity; PUE: Paretic upper extremity; IQ: Impedance 
quotient; SQ: Slope quotient; CT: Crest time; CW: Crest width; 
PT: Propagation time; ABF: Alternating blood flow; N: Non‑paretic; 
P: Paretic).

Figure 3: Changes in body water content (%) after neuromuscular 
electric stimulation, *p < 0.05 (NPUE vs. PUE) (TBW: Total body 
water; ECW: Extracellular water; ICW: Intracellular water).
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differ significantly from those of NPUE. Additionally, BCM 
and extracellular mass (ECM) showed no significant difference 
between both groups [Table 1]. However, PUE had higher level 
of protein, glycogen, mineral, and BCM, as well as lower level 
of fat than NPUE after NMES treatment [Figure 4].

DISCUSSION

To our knowledge, few studies addressed the effects of 
NMES on segmental fluid distribution and hemodynamic 
function in the extremities of patients with stroke. Compared 
to the sound side, 30  min of NMES, 5  days weekly for 
4 weeks, had effects on the PUE as follows: (1) maintains 
the arterial inflow, IQ, SQ, CT, and CW in pulse wave 
analysis; (2) increases the percentage of intracellular water; 
(3) increases the BCM; and (4) decreases fat and increases 
protein, glycogen, and mineral composition percentage. 

These findings imply that NMES reverses the stroke‑related 
decline of vascular property, segmental fluid distribution, 
and body composition in the subacute stage.

In NPUE, pulse wave analysis demonstrated increased 
CW/CT and decreased arterial inflow/IQ/SQ during the 
4‑week experimental period, suggesting elevating vascu‑
lar resistance. The results imply that although the NPUE 
can move freely, deconditioning of the extremities[1] or 
stress‑related systemic inflammation in the subacute stage 
of stroke[19] might impair vascular function. Physiological 
hemodynamic shear stress that is caused by increased blood 
flow, even for a few minutes, increases the secretion of nitric 
oxide and prostacyclin, both of which enhance vasodila‑
tory function.[20] Cardiovascular deconditioning results in 
decreased blood flow, causing impaired endothelial function 
and, thereby, elevating basal arterial tone.[1]

On the other hand, the current study showed that NMES 
maintained the arterial property in the PUE. Similar to our 
previous study, endothelial function and cutaneous micro‑
circulation in the paretic limb can as well be maintained 
by NMES to prevent its decline as the sound side.[4,5] In 
the paretic extremities, NMES seems to be an appropriate 
treatment in the flaccid stage of stroke. Besides, it can be 
conveniently performed in the clinical setting. In rehabilita‑
tion program for stroke patients, treatment mostly focuses 
on paretic limbs. However, physical deconditioning of the 
non‑paretic limbs is common because their daily activities 
are markedly reduced. The results herein imply that reha‑
bilitation programs should incorporate resistance training 
for non‑paretic limbs.

BCM is the total mass of all the cellular elements in 
the body which constitute all the metabolically active tis‑
sues of the body. Depletion of BCM is characteristic of 
wasting.[21,22] Similar to this experimental finding, Dr. Lone 
Jørgensen found that lean muscle mass is rapidly lost after 
acute stroke. Moreover, a significant 5% loss of lean mass 
was found at 2 months on the non‑paretic leg after acute 
stroke.[23] The result showed that after 4‑week NMES treat‑
ment in the PUE, BCM as well as ICW, which is a compo‑
nent of BCM, increased.[24] Furthermore, the current study 
demonstrated that NMES intervention, a repetitive passive 
muscle contraction, led to favorable regional nutritional 
status by replacing fat tissue with protein and mineral and, 
thereby, retarded muscle wasting and demineralization as 
shown in the NPUE.

Dependent edema of the hand, sometimes extending up 
the arm, occurs in stroke patients. Edema is prone to occur if 
the upper extremity is completely paralyzed.[8] After 4‑week 
follow‑up, TBW and ICW were decreased while ECW was 
increased in the NPUE. On the contrary, 4‑week NMES 
regimen elevated TBW, ECW, and ICW, probably due to 
increased regional metabolism by passive muscle contrac‑

Figure  4: Changes in body composition  (%) after neuromuscular 
electric stimulation, *p < 0.05 (NPUE vs. PUE) (BCM: Body cell 
mass; ECM: Extracellular mass).
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tion. Nonetheless, ECW/TBW showed no difference in both 
groups, suggesting the osmotic gradient between the cell 
membrane is unaltered. Although the present NMES proto‑
col failed to reduce ECW or ECW/TBW in PUE compared 
to NPUE, it elevated ICW and BCM and maintained the 
segmental tissue in a favorable fluid and nutritional status.

Small sample size weakened its statistical power. Larger 
sample size is needed in further studies and NMES may be 
as well applied in lower extremities. In addition, minimal 
effective protocol of NMES required to improve the vascular 
properties and body composition may be determined. Also, 
the effect of NMES may be multi‑factorial and require 
further study to clarify its mechanisms. The experimental 
findings might only be applicable to patients with subacute 
stroke less than 6 weeks and with flaccid upper extremi‑
ties (Brunnstrom stage I to II).

Conclusion

NMES delays the stroke‑related decline of peripheral 
vascular function and extremity fluid redistribution in the 
PUE of patients with hemiplegia. It may be considered for 
stroke patients with hemiplegia when there are no other medi‑
cal contraindications. In addition, resistance training for the 
non‑paretic extremities may be included in stroke rehabilitation 
programs to attenuate the decline of hemodynamic function.
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