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1. INTRODUCTION   

Stroke is a neurologic disturbance caused by

damage to the cerebral blood vessels and one of

the most common diseases of adulthood [1]. Most

strokes are ischemic strokes that result from in-

sufficient blood flow to the brain when blood ves-

sels become clogged by blood clots or become too

narrow for blood to pass through. Brain cells in

this area die from lack of oxygen. In other types

of strokes, called hemorrhagic strokes, the blood

vessels are not blocked and rupture, causing blood

to penetrate the brain, resulting serious brain

damage. Many stroke patients have a number of

serious disorders such as hemiplegia, motor dis-

turbance, sensory disability, language impairment,

communication disorder, emotional disorder, and

cognitive impairment [2]. Hemiplegia is paralysis
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on one side of the body, whereas hemiparesis

weakens one side of the body [3]. Hemiplegia is

more severe in the symptoms of the disease than

hemiparesis. Both are common side effects of

stroke or cerebrovascular accidents. Unilateral pa-

ralysis or weakness occurs when a stroke affects

the corticospinal tract on the contralateral side of

the brain. The right side of the brain controls the

motor (movement) function on the left side of the

body, while the left side of the brain controls the

motor function on the right side of the body. Thus,

when one side of the brain is damaged, it affects

only one side of the body. One of the most common

problems after stroke is limb dysfunction. Dys-

function in the extremities seriously degrades the

quality of life because it challenges physical func-

tion and daily life [4]. Due to these post-stroke dis-

abilities, stroke patients require long-term re-

habilitation treatment such as physical therapy and

occupational therapy [5].

Bioelectrical impedance analysis (BIA) has been

increasingly used to estimate the body composition

because it is easy to use, non-invasive, inex-

pensive and can be performed on a wide range of

individuals [6-9]. The bioelectrical mpedance

(consisting of resistance and reactance) is meas-

ured by passing a low alternating current through

the tissues in the body [10]. In recent years, BIA

has been applied to assess the human body's hy-

dration and nutritional status and to diagnose dis-

eases [11]. In this study, paralysis and non-paraly-

sis in the upper extremity of 36 stroke patients

caused by cerebral hemorrhage and cerebral in-

farction were evaluated using impedance parame-

ters and occupational therapy assessment. Predic-

tion marker (PM), phase angle (PA), PM/PA, R

versus Xc on the paretic and non-paretic regions

of the upper extremity of stroke patients with cere-

bral hemorrhage and cerebral infarction were

investigated. These values did not show any sig-

nificant difference between hemorrhage and cere-

bral infarction. However, there was a significant

difference between paralysis and non-paralysis of

upper extremity. In addition, the relationship be-

tween impedance parameters and occupational

therapy evaluation tools (hand grip strength, pin-

che strength) did not show significant difference

in some hemiplegic stroke patients. This is because

the physical movement in the upper extremity is

related to the imbalance of the nervous systems

or cognitive ability after stroke as well as the func-

tion of the muscular systems. As a rehabilitation

assessment tool, BIA could be used as an effective

adjunct to quantitatively evaluate paralysis and

paralysis in upper extremity of hemiplegic stroke

patients.

2. THEORY

2.1 Bioelectrical Impedance (Z) 

Impedance (Z) is the obstruction to the flow of

an alternating current and is dependent on the fre-

quency of the applied current. Z is defined in im-

pedance magnitude (|Z|) and phase angle () as

shown in Equation (1)–(3) and Fig. 1. Bioimpe-

dance is a complex quantity composed of resist-

ance (R) caused by total body water and reactance

() caused by the capacitance of the cell mem-

brane [12].

 (1)

Fig. 1. Diagram showing the concept of a complex im-

pedance. Z is impedance, |Z | is the magnitude 

of the impedance, R is the resistance, Xc is the 

reactance, and θis the phase angle.    
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Resistance (R) is the real part of impedance; a

device with purely resistive impedance does not

exhibit a phase shift between voltage and current.

Resistance reflects the hydration status in the

body.

R = | Z| cosθ                            (2)

Reactance () is the imaginary part of the im-

pedance; a component with a finite reactance in-

duces a phase shift (θ) between the voltage across

it and the current passing through it. Reactance re-

flects the body cell mass (muscle mass) in the

body.

  sin (3)

The physical significance of complex impedance

is that the steady-state current is not in phase with

the applied voltage [13].

Resistance and reactance together determine the

magnitude and phase angle of the impedance

through the following relationship:

   (4)

In phaser diagram as shown in Fig. 1, the angle

between the resistance and the reactance is the

phase angle of the source voltage V with respect

to the current I; that is the angle by which the

source voltage leads the current.

From the diagram,

tan  


(5)

  tan  
  (6)

The resistance of an object depends on the shape

and the material of the object. For a given shape,

the resistance depends on the material the object

is made of. Different materials provide different re-

sistance to charge flow. The resistivity  of a ma-

terial can be defined so that the resistance R of

an object is directly proportional to ρ. The re-

sistivity ρ is an intrinsic property of a material, re-

gardless of its shape or size. The resistance of an

object of length L, made of a material having a

cross-sectional area A and a resistivity ρ, is as fol-

lows [14].

  


(7)

The capacitor affects the current, so it has the

ability to stop the current in a fully charged state.

Since an AC voltage is applied, the rms current is

limited by the capacitor. Since this is regarded as

the effective resistance  of the capacitor for AC,

the rms current I in a circuit containing only ca-

pacitor C is given by another version of the Ohm's

law as follows.

  


(8)

where V is the rms voltage and  is defined to

be

 


(9)

where  is called the capacitive reactance, because

the capacitor reacts to impede the current.  has

unit of ohm and is inversely proportional to the ca-

pacitance C; the larger the capacitance, the greater

the charge it can store and the greater the current

that can flow.  is also inversely proportional to

the frequency f; the greater the frequency, the less

time there is to fully charge the capacitor, and so

it impedes current less [14].

3. METHOD

3.1 Subject

Thirty six stroke patients caused by cerebral

hemorrhage (6 females and 4 males) and cerebral

infarction (21 females and 5 males) were included

in the measurement. Table 1 shows anthropometric

data (age, height, mass, and body mass index) of

36 hemiplegic stroke patients participating in this

study. The mean age (73.6 years) of hemiplegic

stroke patients caused by cerebral infarction was

6.8 years higher than that (66.8 years) of hemi-

plegic stroke patients caused by cerebral hemor-



1983Comparison of Impedance Parameters and Occupational Therapy Evaluation in the Paretic and Non-paretic Upper Extremity of Hemiplegic Stroke Patients

rhage. Illness duration represents the period from

the diagnosis of the disease to the time of the

measurement.

3.2 Segmental Bioelectrical Impedance

Bioelectrical bioimpedance for 20 hemiplegic

stroke patients was measured at Medifarm Hospi-

tal in Korea between October and November, 2015,

and then for 16 hemiplegic stroke patients was

measured at Gurye Nursing Hospital on September

1, 2017, using bioelectrical impedance spectroscopy

(MultiScan 5000, Bodystat Ltd., Isle of Man, UK)

according to the recommendations of the National

Institutes of Health (NIH) Technology Assessment

Statement. Before the measurement, the subjects

were instructed to fast for at least 4 hours and not

to consume alcohol for 24 hours. The subjects were

also instructed to drink at least eight glasses of

water and empty their bladders before the meas-

urement was taken. Eight cutaneous electrodes

(Bodystat-0525, Bodystat Ltd, Isle of Man, UK)

were attached to the wrists (left, right) and the an-

kles (left, right) of the hemiplegic stroke patient

while they were in a supine position on a non-

conductive surface in Fig. 2. The distance between

the electrode used to apply current and the elec-

trode used to collect voltage was maintained at

least 5 cm to prevent an interactional effect be-

tween them. To provide more accurate measure-

ments, the anthropometric measurement was com-

bined with body composition determined using BIA,

which provides accurate measurements of body

composition. Prior to participation in this study,

each patient received an explanation of the study

purpose and method and provided written informed

consent. The study was approved by the Ethics

Committee of Inje University Institutional Review

Board for Clinical Studies (document number:

2014250) and also approved by the IRB committee

of Pusan National University Yangsan Hospital

(IRB No. 03-2016-017).

3.3 Occupational Therapy Evaluation

3.3.1. Hand grip and pinch strength

Hand grip strength test is to measure the max-

imum isometric strength of the hand and forearm

muscles. Hand grip strength in the paretic and

non-paretic upper extremity of hemiplegic stroke

patients was measured using a Jamar Hand

Hydraulic Dynamometer (503330J1, Jamar Ltd.,

USA). Hand grip strength is in the range of 0∼

200lbs (90 kg). The subject holds the dynamometer

in the hand to be tested, with the arms at right

angle (90°) and the elbow by the side of the body.

The handle of the dynamometer is adjusted if

Table 1. Subject’s anthropometric data (n=36) and ill-

ness duration                  

Status
Variables

Cerebral
hemorrhage

Cerebral
infarction

Age [years] 66.8 ± 9.2 73.6 ± 8.9

Height [cm] 164.0 ± 5.6 162.3 ± 2.6

Mass [kg] 63.8 ± 8.8 55.2 ± 6.4

BMI [kg/m2] 23.4 ± 2.4 21.9 ± 2.0

Duration [years] 2.4 ± 0.5 2.0 ± 0.7

BMI: body mass index. BMI was calculated by divid-
ing body mass [kg] by height squared [m2].

Fig. 2. Eight cutaneous electrodes were attached to the 

wrists (left, right) and the ankles (left, right) of 

the stroke patient who was in a supine position 

on a nonconductive surface. The outer electro-

des (connected by red wires) are used to inject 

current into the human body, while the inner 

electrodes (connected by black wires) are used 

to measure voltage across the body.  
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required. The base should rest on first metacarpal

(heel of palm), while the handle should rest on mid-

dle of four fingers. When ready to measure hand

grip strength, the subject should hold the dyna-

mometer for about 5 seconds with the maximum

isometric effect. Other body movements are not al-

lowed at this time. The subject should be strongly

encouraged to give a maximum effort. The hand

grip strength was measured three times, and the

subject was given a one-minute break between

measurements. According to the occupational ther-

apy assessment guide [15], there are 3 methods to

measure the pinching strength of fingers. Lateral

(or Key) pinch is to measure the strength between

thumb pad and lateral aspect of index finger.

Palmar (or 3-Jaw Chuck) pinch is to measure the

strength among thumb, index, and middle finger.

Tip-pinch is to measure the strength between

thumb finger and index finger. Pinches (lateral,

palmar, tip) were measured using a Jamar hydraul-

ic pinch gauge (7498-05, Jamar Ltd., USA). Max-

imum pinch strength of a Jamar hydraulic pinch

gauge was up to 45 lbs (20 kg).

4. RESULTS AND DISCUSSION

4.1 Bioelectrical Impedance   

4.1.1 Prediction Marker (or Impedance ratio)

Prediction marker (PM) is defined as the ratio

of the impedance (Z) measured at 200 kHz to the

impedance (Z) measured at 5 kHz. When an alter-

nating current (AC) having a frequency of 5 kHz

is applied to the body, the current can not pass

through the cell membrane but flows mainly into

the extracellular fluid (ECF). Since the ECF is nar-

row and the external wall of cell is composed

mainly of adipose (fatty) tissues, the impedance (Z)

is measured high. However, current having a fre-

quency of 200 kHz has enough energy to pass

through the cell membrane and can flow to both

ECF and the intracellular fluid (ICF). The larger

the difference between Z at 5 kHz and Z at 200

kHz, the healthier the cells in the body. The PM

close to 1.00 indicates a poor cellular health or ex-

cessive amount of fluid [16]. Fig. 3 shows the PM

values for paretic and non-paretic upper extremity

of hemiplegic stroke patients caused by cerebral

hemorrhage and cerebral infarction. In both stroke

patients caused by cerebral hemorrhage and stroke

patients caused by cerebral infarction, mean values

of PM (0.875, 0.885) in paretic regions were higher

than those (0.861, 0.856) in non-paretic regions.

The standard deviation (SD) of paralysis and non-

paralysis in the upper extremities of 26 stroke pa-

tients caused by cerebral infarction was measured

to be larger. This is due to the fact that there were

many elderly subjects in 36 patients with cerebral

infarction (21 females and 5 males), age dis-

tribution ranged from 32 to 90 years, and cerebral

infarction had progressed for a long time.

4.1.2 Phase Angle (θ)

The phase angle (θ) has long been associated

with nutritional status and body cell mass and is

a direct measurement of the functionality of cell

membrane, It is also recognized as a global health

indicator in body health assessment [17]. A higher

phase angle means an increase in BCM (body cell

mass) or a decrease in fluid, either recovery from

infection or injury or a decrease in fluid from

Fig. 3. PM values for paretic and non-paretic upper ex-

tremity of hemiplegic stroke caused by cerebral 

hemorrhage and cerebral infarction.
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dehydration. A loss of fat could also increase phase

angle. On the other hand, a lower phase angle

means a loss of BCM, or an increase of fluid

(rehydrating, or sign of inflammation or infection

[18]. Fig. 4 shows the phase angle () for paretic

and non-paretic upper extremity of hemiplegic

stroke patients caused by cerebral hemorrhage and

cerebral infarction. In both stroke patients caused

by cerebral hemorrhage and stroke patients caused

by cerebral infarction, mean values (3.58°, 3.59°)

of PM in paretic regions were significantly lower

than those (3.90°, 4.35°) in non-paretic regions.

These resukts revealed that the loss of muscular

mass in the paretic regions of stroke patient's up-

per extremity had progressed considerably and that

the integrity of the cell membranes in the lean

mass had also deteriorated.

4.1.3 Relationship between PM and PA (θ)

PM is related to the function of the cell mem-

brane and PA (θ) is proportional to the lean mass

(LM) in the body. Fig. 5 shows the relationship be-

tween PM and PA for paretic and non-paretic up-

per extremity of hemiplegic stroke patients caused

by cerebral hemorrhage and cerebral infarction.

PM was found to be inversely related to PA in the

paretic/non-paretic upper extremity of stroke

patients. On the other hand, patients #26, #28, #29,

#30, and #33 showed higher PM and lower PA in

paretic regions (black circles, black squares) com-

pared to non-paretic regions (white circles, white

squares). Patient #29 is an 80-year-old male suf-

fering from trauma and a traffic accident. The

function of the cell membrane in the paretic region

is deteriorated (PM=0.967) and the lean mass

(muscles) is considerably reduced (PA=1.4°). Patient

#33 is a 32-year-old male with brain injury who

is classified as stroke hemiplegia caused by cere-

bral infarction. The onset of the disease was 25

years, but he was youngest (32 years) among 36

subjects. PM was 0.770 in the paretic upper ex-

tremity and 0.768 in the non-paretic upper ex-

tremity. PA was 6.3° in the paretic upper extremity

and 6.6° in the non-paretic upper extremity.

4.1.4 Reactance (Xc) versus Resistance (R)

Resistance (R) reflects the total body water con-

sisting of ECF and ICF in the body, and gives the

information about the function of the cell mem-

sbrane. Therefore, the relationship between R and

 for hemiplegic stroke patients with upper ex-

tremity can be assessed to determine the status of

physical functioning of paralysis and non-paralysis.

Fig. 6 shows the relationship between resistance

Fig. 4. Phase angle [°] for paretic and non-paretic up-

per extremity of hemiplegic stroke patients 

caused by cerebral hemorrhage and cerebral 

infarction.

Fig. 5. Relationship between PM and PA [°] for paretic 

and non-paretic upper extremity of 36 hemi-

plegic stroke patients caused by cerebral hem-

orrhage and cerebral infarction. 
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(R) and reactance () for paretic and non-paretic

upper extremity of 36 hemiplegic stroke patients

caused by cerebral hemorrhage and cerebral

infarction. The low resistances on the left reflect

a lot of lean mass, while the high resistances on

the right reflect a low lean mass and a high fat

When the function of the cell membrane is sig-

nificantly reduced, the paralysis/non-paralysis

states of stroke patients are distributed below,

However, when the cell membrane is healthy, the

paralysis/non-paralysis states of stroke patients

are distributed on the above. Therefore, the left up-

per regions indicate an healthy function of the

body, and the right below regions reflect a statue

of stroke patients in which the bodily function is

remarkably deteriorated. Overall, the status of the

paralytic regions are distributed below, and the

status of the paralytic parts are distributed in the

upper part. The mean value of R and  in the pa-

retic upper extremity of 10 stroke patients caused

by cerebral hemorrhage was (338.49, 20.19) and

that in the non-paretic upper extremity of 10 stroke

patients caused by cerebral hemorrhage was

(337.21, 22.39). On the other hand, the mean

value of R and  in the paretic upper extremity

of 10 stroke patients caused by cerebral infarction

was (324.57, 19.53) and that in the non-paretic

upper extremity of 10 stroke patients caused by

cerebral infarction was (311.96, 23.03).

4.2 Occupational Therapy Evaluation   

4.2.1 Hand grip strength and pinch strength

Table 2 shows hand grip strength (HGS) and

pinches (lateral, palma, tip) for paretic and non-pa-

retic upper extremity of 36 hemiplegic stroke pa-

tients caused by cerebral hemorrhage and cerebral

infarction. Hand grip strength and pinches in pa-

retic region were significantly lower than those in

non-paretic region for hemiplegic stroke patients.

In the clinical setting, tools used to assess re-

habilitation treatment of hemiplegic stroke patients

include hand grip strength and pinch strenth. The

rehabilitation assessment of hemiplegic stroke pa-

tients caused by cerebral hemorrhage and cerebral

infarction was as follows. For stroke hemorrhage

patients, a mean value of HGS was 7.2 lb in the

paretic hand and 13.4 lb in the non-paretic hand.

A mean value of lateral pinch was 2.1 lb in the pa-

retic fingers and 4.5 lb in the non-paretic fingers.

A mean value of palmer (three point) pinch was

1.8 lb in the paretic fingers and 3.5 lb in the non-

Fig. 6. Relationship between resistance (R) and re-
actance (Xc) for paretic and non-paretic upper 

extremity of 36 hemiplegic stroke patients 

caused by cerebral hemorrhage and cerebral 

infarction. 

Table 2. Hand grip strength (HGS) and pinch strength (lateral, palmer, tip) for paretic and non-paretic upper extremity 

of 36 hemiplegic stroke patients caused by cerebral hemorrhage (N=10) and cerebral infarction (N=26) 

P_CH NP_CH P_CI NP_CI

HGS [lb] 7.2±6.9 13.4±8.6* 7.2±6.6 14.2±6.3*

Pinch [lb]

Lateral 2.1±2.1 4.5±1.9* 2.0±1.9 4.2±1.8*

Palmer 1.8±1.8 3.5±1.7* 1.7±1.4 3.4±1.7*

Tip 1.3±1.3 2.5±1.0* 1.1±1.1 2.3±1.1*

* Significant difference p<0.05.
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paretic fingers. A mean value of tip pinch was 1.3

lb in the paretic fingers and 2.5 lb in the non-pa-

retic fingers. Thus, there were significant differ-

ences between the paretic upper extremity and the

non-paretic upper extremity (p < 0.05). For stroke

infarction patients, a mean value of HGS was 7.2

lb in the paretic hand and 14.2 lb in the non-paretic

hand. A mean value of lateral pinch was 2.0 lb in

the paretic fingers and 4.2 lb in the non-paretic

fingers. A mean value of palmer pinch was 1.7 lb

in the paretic fingers and 3.4 lb in the non-paretic

fingers. A mean value of tip pinch was 1.1 lb in

the paretic fingers and 2.3 lb in the non-paretic

fingers. Thus, there were also significant differ-

ences between the paretic upper extremity and the

non-paretic upper extremity (p < 0.05).

In particular, hand grip strength (HGS) was nil

in the paretic regions of eleven hemiplegic stroke

patients (#10, #11, #20, #26, #28, #29, #30, #32, #34,

#35, and #36), illustrating a significant difference

in neurophysiological function between paretic up-

per extremity and non-paretic upper extremity.

Seven stroke patients had significantly lower phase

angles (2.0° for #10, 2.7°, for #11, and 2.1° for #20,

2.1° for #26, 1.4° for #29, 2.0° for #32, 2.5° for #34)

in the paretic regions, suggesting a decrease in

muscle mass and deterioration in cell membrane

function. Four stroke patients had relatively higher

phase angles (3.5° for #28, 3.0° for #30, 4.0° for

#35, and 5.0° for #36) in the paretic regions, but

their HGS score was rated as 0, indicating that

brain nerve damage, motor nerve damage, or de-

creased cognitive ability affected the measurement

results.

4.2.2 Relationship between impedance parameters

and hand grip strength

Fig. 7 shows the relationship between prediction

marker (PM) and hand grip strength (HGS) for pa-

retic and non-paretic upper extremity of 36 hemi-

plegic stroke patients caused by cerebral hemor-

rhage and cerebral infarction. In genaral, PM is

supposed to be inversely proportional to HGS.

However, as shown in the left-hand side of Fig.

7, PM values are distributed in a variety of ways

in vertical line but all HGS have zero. # 29 was

a hemiplegic stroke patient caused by cerebral in-

farction mentioned in Fig. 5. The patient # 29 had

a very high PM (0.967 in paretic region and 0.918

in non-paretic region) and a very low phase angle

(1.4° in paretic region and 2.6° in non-paretic re-

gion). Patient #29 shows that the reactance is very

low (7.27 in paretic region and 12.33 in non-pa-

retic region) in Fig. 6, indicating a significant de-

crease in lean mass and a deterioration in muscular

function in the paralysis and non-paralysis regions.

Patient #34 is a 56-year-old female patient with

low PM values (0.848 in paretic region and 0.812

in non-paretic region) and a significantly high val-

ue for PA (4.5° in paretic region and 5.9° in

non-paretic region). The cause of paralysis for #34

could not be analyzed by impedance parameters

(PM, PA, and PM/PA). However, in Fig. 7, HGS

was 0 in paretic and non-paretic upper extremity.

This seems to be due to loss of function in the brain

nervous system or the motor nerves, which makes

it impossible for the hand to move at all in the pa-

ralysis/paralysis area.

Fig. 7. Relationship between prediction marker and hand 

grip strength [°] for paretic and non-paretic up-

per extremity of 36 hemiplegic stroke patients 

caused by cerebral hemorrhage and cerebral 

infarction. 
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Fig. 8 shows the relationship between phase an-

gle [ ° ] and hand grip strength [lb] for paretic and

non-paretic upper extremity of 36 hemiplegic

stroke patients caused by cerebral hemorrhage and

cerebral infarction. Generally, the phase angles are

exposed to be proportional to HGS. The non-pa-

retic regions are mainly distributed in the upper

right and the paretic regions are mainly distributed

in the lower left. However, as shown in the

left-hand side of Fig. 8, PM values have various

values as a vertical distribution, but all HGS values

were zero. Patient #29 has low phase angles (1.4°

in paretic region and 2.6° in non-paretic region).

Patient #34 had low PM (0.812 in paretic region and

0.848 in non-paretic region) and high PA (6.3° in

paretic region and 6.6° in non-paretic region), but

HGS was 0 in paretic and non-paretic upper

extremity. As described in Fig. 7, Patient #29 and

#34 are supposed to have HGS measured as 0 for

the same pathological cause.

4.3 DISCUSSION

Long-term muscle changes such as a loss in

muscle mass, a reduction of fiber cross-sectional

area, and an increase in intramuscular fat deposi-

tion are reported to occur between 3 weeks and 6

months after stroke in both paretic and non-paretic

upper extremity [19, 20]. Therefore, appropriate

stroke rehabilitation is needed in a timely manner

(within 3-6 months) for stroke patients. Non-in-

vasive measurements are essential to evaluate pa-

ralysis and non-paralysis in stroke patients ac-

cording to rehabilitation therapy. Measurement of

recovery after stroke is becoming increasingly im-

portant with the advent of new treatment options

in stroke rehabilitation research [21, 22]. The ef-

fects of inpatient rehabilitation on functional re-

covery of chronic stroke patients with cognitive

dysfunction were investigated [5].

For example, the Fugl-Meyer scale was also de-

veloped as the first quantitative assessment tool

to measure stroke recovery in stroke patients [21].

In addition, among patients who had a stroke with-

in 3-9 months, constraint-induced movement ther-

apy resulted in statistically significant and clin-

ically relevant improvements in arm motor function

lasting at least one year [22]. However, these meth-

ods are subjective in assessing body function in

the paralysis caused by stroke, and it takes a lot

of time and labor to test. On the other hand, evalu-

ating paralysis and non-paralysis sites in stroke

patients using BIA is a simple, non-invasive ap-

proach and provides an easy way to obtain the

physiological/pathological functions of muscles

[23] as well as body hydration and composition.

5. CONCLUSION

Many researchers have long used biological im-

pedance parameters to investigate the physical

composition and physiological characteristics of

tissues. However, there has been little research on

the relationship between bioimpedance parameters

and occupational therapy assessment tools for up-

per extremity paralysis in stroke patients. In this

study, we used biological impedance parameters to

quantitatively evaluate paraplegic and paralytic

upper limb in stroke hemiplegia patients caused by

cerebral hemorrhage and cerebral infarction. The

Fig. 8. Relationship between phase angle [°] and hand 

grip strength [lb] for paretic and non-paretic 

upper limbs of 36 hemiplegic stroke patients 

caused by cerebral hemorrhage and cerebral 

infarction. 
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impedance parameters (PM, PA, PM/PA, R vs. )

were compared with occupational therapy evalua-

tion (hand grip and pinch strength) to determine

whether the impedance parameters are related to

the paretic/non-paretic status of hemiplegic stroke

patients and the outcome of the rehabilitation

assessment.

The results using bioimpedance and occupa-

tional therapy evaluation can be summarized as

follows. First, in both stroke patients caused by

cerebral hemorrhage and stroke patients caused by

cerebral infarction, mean values of PM (0.875,

0.885) in paretic regions were higher than those

(0.861, 0.856) in non-paretic regions. Mean values

(3.58°, 3.59°) of PA in paretic regions were sig-

nificantly lower than those (3.90°, 4.35°) in non-pa-

retic regions. PM was found to be inversely related

to PA. Second, in R- graph, the status of the

paralytic regions are distributed below and the sta-

tus of the paralytic parts are distributed in the up-

per part. The mean value of R and  in the paretic

upper extremity of 10 stroke patients caused by

cerebral hemorrhage was (338.49, 20.19) and

that in the non-paretic upper extremity of 10 stroke

patients caused by cerebral hemorrhage was (337.21

, 22.39). Third, PM is inversely proportional to

hand grip strength. But, PM values are distributed

in a variety of ways in vertical line and all have

zero HGS. Fourth, the phase angles are propor-

tional to HGS. The non-paretic regions are mainly

distributed in the upper right, and the paretic re-

gions are mostly distributed in the lower left. Some

patients had zero HGS, regardless of the value of

the impedance parameters (PM, PA, PM/PA, R vs.

). They were unable to move their hands and

fingers in the paretic upper extremity because of

brain nerve damage, motor nerve damage, and

cognitive impairment.

The limitations of this study are as follows. The

number of hemiplegic stroke patients with paretic

upper extremity caused by cerebral hemorrhage

was limited to 10. When the subjects are catego-

rized by gender, age, and disease states, and the

impedance measurement are performed for a long

time intervals in the rehabilitation therapy, im-

pedance characteristics could be quantitatively

distinguished as a more confident manner.
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