
17

2022, Volume 20, Special Issue on Occupational Therapy

Research Paper: Ef﻿fects of Upper Extremity Coordination 
Exercises Based on Fatigue Prediction on Upper Extremity 
Sensory-motor Functions in Chronic Stroke Survivors

Samira Fathi1 , Ghorban Taghizadeh1 , Akram Azad1 , Saeed Behzadipour2 , Danial Shams Hafshejani1 , Alireza Zare2 , Zahra 
Ghorbanpour3  

1. Rehabilitation Research Center, Department of Occupational Therapy, School of Rehabilitation Sciences, Iran University of Medical Sciences, Tehran, Iran.
2. Department of Mechanical Engineering, Sharif University of Technology, Tehran, Iran. 
3. Department of Occupational Therapy, School of Rehabilitation Sciences, University of Social Welfare and Rehabilitation Sciences, Tehran, Iran.

* Corresponding Author: 
Akram Azad, PhD.
Address: Rehabilitation Research Center, Department of Occupational Therapy, School of Rehabilitation Sciences, Iran University of Medical Sciences, 
Tehran, Iran.
Tel: +98 (912) 2863974
E-mail: azad.a@iums.ac.ir

Objectives: This study aimed to investigate the effect of upper extremity coordination exercises based 
on fatigue prediction on fine and gross manual dexterity, upper limb motor function, shoulder and elbow 
proprioception, occupational performance, and activities of daily living in chronic stroke survivors.

Methods: In this pilot double-blind randomized clinical trial, 24 chronic strokes were enrolled using the 
non-probability sampling method. Participants were randomly allocated to the control (received routine 
occupational therapy) and intervention (received upper extremity coordination exercises based on fatigue 
prediction using the Kinect) groups. Before and after the interventions (six weeks, three sessions/week, 
45 min/session), as well as six weeks after completion of interventions, participants were assessed using 
the following tools: Box-Block Test, Purdue-Pegboard Test, Wolf-Motor Function Test, Action Research 
Arm Test, Manual Ability Measure-16, Grip Dynamometer, Shoulder Position Sense Test (SPST), Elbow 
Position Sense Test (EPST), Canadian Occupational Performance Measure, Shah-Barthel Index (SH-BI), 
and Multi-dimensional Fatigue Inventory. This project was carried out in the rehabilitation department of 
Shafa-Yahyaeian Hospital from May 2019 to June 2020.

Results: The results showed a significant improvement in all assessments of both control and intervention 
groups (P≤0.05), except for SH-BI. Further, the improvement of EPST and SPST scores in the intervention 
group was significantly greater than the control group (P≤0.05). Also, a significant decrease in fatigue 
severity was observed in both control and intervention groups (P≤0.05). 

Conclusion: These results suggest that upper extremity coordination exercises based on fatigue prediction in 
combination with routine occupational therapy could lead to improvement of upper extremity sensory-motor 
functions and power grip and caused a decrease in fatigue severity in chronic stroke.
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Highlights 

• Upper extremity coordination exercises based on fatigue prediction can improve upper extremity sensory-motor 
functions, power grip, and participation in stroke patients.

• Upper extremity coordination exercises based on fatigue prediction can significantly decrease fatigue severity in 
stroke patients.

• Upper extremity coordination exercises based on fatigue prediction did not show any significant effect on activities 
of daily living.

Plain Language Summary 

Post-stroke fatigue is a common consequence of stroke. Peripheral fatigue is the most common type of physical fa-
tigue that leads to needing help and the inability to control daily life as reported by stroke survivors. Moreover, fatigue 
may reduce the efficiency of rehabilitation interventions. Predicting fatigue may enhance the duration and number of 
exercises performed in a rehabilitation session. Based on motor learning principles, increasing the number of exercises 
plays an important role in motor learning and its consolidation. In this study, Kinect was used to measure the level of 
fatigue and provide fatigue feedback to the participants during upper extremity coordination exercises. In our study, 
12 stroke patients performed upper extremity coordination exercises based on fatigue prediction using the Kinect. 
The results of this study showed a significant improvement in upper extremity motor functions, shoulder and elbow 
proprioception, grip strength, and occupational performance and satisfaction of occupational performance, as well as 
a significant reduction in fatigue severity in both control and intervention groups. However, the findings of this study 
showed that independence in activities of daily life evaluated by SH-BI did not change significantly following receiv-
ing exercises in the control or intervention group.

1. Introduction

ost-stroke fatigue is a common conse-
quence of stroke, affecting about 29% to 
72% of stroke survivors [1]. Peripheral fa-
tigue is the most common type of physical 
fatigue, which occurs in muscles and mo-

tor units and leads to reduced sensory-motor functions 
[2]. Fatigue leads to needing help and inability to control 
daily life as reported by stroke survivors. Moreover, the 
negative impact of fatigue is evident on sleep, partici-
pation, returning to work, driving, and other functions 
of stroke survivors. It has been shown that physical ex-
ercise has benefits for common post-stroke problems, 
including fatigue [3]. Although it has been shown that 
intensive training is needed to obtain the best rehabilita-
tion efficiency, the occurrence of fatigue during rehabili-
tation exercises reduces patients’ motivation, which has 
an important role in motor learning. Thus, fatigue may 
reduce the efficiency of rehabilitation interventions [4]. 

In addition to fatigue, stroke may cause spasticity, 
muscle weakness, and motor impairments of the Upper 
Extremity (UE). This may impair coordination between 
UEs, which has an important role in bimanual object 

manipulation. Lack of this coordination leads to depen-
dence in Activities of Daily Living (ADLs) [5]. One of 
the rehabilitation exercises is the UE coordination exer-
cise, in which both UEs are used to perform an activity. 
Indeed, in this type of exercise, unaffected UE is used 
to promote the functional recovery of the affected upper 
limb [6]. Since many human daily activities require the 
coordination of both hands, UE coordination exercises 
may be useful in the rehabilitation of stroke survivors 
[7]. However, fatigue prediction has not been considered 
in designing UE exercises in these patients. Predicting 
fatigue may enhance the duration and number of exercis-
es performed in a rehabilitation session. Based on motor 
learning principles, increasing the number of exercises 
is required for motor learning and its consolidation [8]. 
Thus, it is possible to obtain better results from rehabili-
tation exercises by predicting early fatigue during ex-
ercises and changing the type of exercise. Hence, this 
study aimed to examine the effects of UE coordination 
exercises based on fatigue prediction on the UE sensory-
motor functions and ADLs in chronic stroke survivors.
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2. Materials and Methods

This was a pilot randomized clinical trial study. Par-
ticipants were randomly allocated to either the control 
group (routine occupational therapy intervention) or the 
intervention group (UE coordination exercises based on 
fatigue prediction by the Kinect), in a ratio of 1:1, us-
ing a permuted block randomization method. However, 
matching was not done in the current study. The random-
ization was carried out by an individual who was not 
involved in the study. Both participants, the examiner, 
and the occupational therapist with five years of clinical 
experience were blind to the group allocation. This proj-
ect was carried out in the rehabilitation department of 
Shafa-Yahyaeian Hospital from May 2019 to June 2020. 
A consort statement was used to conduct and report this 
trial (Figure 1).

Participants

Participants were recruited from rehabilitation clinics 
of Shafa-Yahyaeian Hospital and Firoozgar Hospital in 
Tehran using the non-probability sampling method. In-
clusion criteria were as follows: a history of a first-ever 
middle cerebral artery stroke diagnosed by a neurologist 
based on Magnetic Resonance Imaging; more than six 
months after stroke; the Brunnstrom recovery stage 4 or 
higher; acceptable cognitive function (i.e. Mini-Mental 
Status Examination score greater than 21); no unilateral 
visuospatial neglect (i.e. Star Cancelation Test score 
greater than 44); no moderate or severe depression (i.e. 
Beck Depression Inventory score lower than 29); and no 
orthopedic, rheumatologic, or other neurologic disorders 
affecting UE function. Participants were excluded in the 
case of a recurrent stroke or unwillingness to continue to 
participate in the study. 

Assessment tools

Kinect: In the present study, type the Kinect II sensor 
was used. This device was used to measure the level of 
fatigue and provide fatigue feedback to the participants 
during UE coordination exercises. These data can be 
saved using specific software. On the other hand, due to 
the repetitive nature of the exercises, the recorded time 
series has a repetitive pattern, with the difference due to 
fatigue and differences in control strategies, the ampli-
tude and local frequency of each cycle are different from 
other cycles. These are the differences and changes in 
the fatigue information carrier that can be extracted by 
nonlinear dynamic methods [9, 10].

Box & Block Test (BBT): BBT is scored based on the 
number of blocks transferred from one side of the test 
box to the other in 1 minute. Only the affected hand was 
tested using the BBT in the current study. High test-retest 
reliability and good validity have been reported for the 
BBT [11].

Purdue Pegboard Test (PPT): PPT subscores in-
clude the number of pegs for the unimanual subtest, the 
number of pairs of pegs for the bimanual subtest, and 
the number of assembly components (peg, first collar, 
washer, and second collar) for the assembly subtest. The 
PPT has a high test-retest reliability [11].

Wolf Motor Function Test (WMFT): WMFT mea-
sures the ability and time to perform different motor 
functions with 15 items. The ability to perform each 
function is scored from 0 (no attempt to perform the 
function with the affected UE) to 5 (performs motor 
functions with the affected UE and the movements ap-
pear normal). The WMFT-ability is the mean of abil-
ity scores of the items. The WMFT-Time is the median 
time spent on completing items. It has been reported that 
WMFT has a high test-retest and inter-rater reliability in 
stroke survivors [11].

Action Arm Reach Test (ARAT): ARAT is an obser-
vational test for assessing UE motor function and coor-
dination, which includes 19 items. Each item is scored 
on a 4-point scale from 0=No movement to 3=Normal 
movement, leading to a total score of 0-57. Hsieh et al. 
reported a very high inter-rater reliability of ARAT in 
stroke survivors [12].

Manual Ability Measurement-16 (MAM 16): MAM 
16 measures the simplicity of performing ADLs with 16 
items, each of them is scored on a 5-point Likert scale 
from 0 (I almost never do) to 4 (easy). The minimum 
score of this tool is 0 and the maximum score is 64 [13]. 

Dynamometer: A dynamometer was used to evaluate 
grip strength. The participant was instructed to press the 
dynamometer for 5 seconds and the force was recorded 
in kilograms. The test was performed in three trials and 
the mean recorded force of the three trials was calculated 
[14]. Coldhm et al. reported that the grip strength test, 
using a dynamometer in healthy subjects, has high reli-
ability (ICC>0.9) [15].

Shoulder Position Sense Test (SPST): To conduct this 
test, the patient is asked to actively reproduce 20 shoul-
der angles while his/her eyes are closed. The SPST score 
is calculated as the mean of differences between the ex-
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aminer-induced shoulder angles and patient-reproduced 
shoulder angles. The mean error in 20 shoulder angles 
shows the proprioceptive ability [16]. Dover et al. re-
ported high test-retest reliability and inter-rater reliability 
(ICC=0.97-0.98) of the SPST in healthy subjects [17].

Elbow Position Sense Test (EPST): To perform this 
test, the patient is asked to actively reproduce 10 elbow 
angles while his/her eyes are closed and its score is cal-
culated as the mean of differences between the examin-
er-induced elbow angles and patient-reproduced elbow 
angles. Kristensen et al. reported high test-retest reliabil-
ity of the EPST in healthy subjects [18].

SH-Barthle Index (HS-BI): HS-BI includes 11 items, 
each of which is scored from 0 to 15 depending on the in-
dividual’s condition and the nature of the item. The total 
score of SH-BI ranges from 0 to 100, with a greater score 
indicating higher independence in ADLs. High inter-rater 
reliability of the Persian version of SH-BI has been re-
ported in the elderly residing in nursing homes [19].

Canadian Occupational Performance Measure 
(COPM): COPM determines gradual changes in a per-
son’s perception of his/her function and satisfaction in each 
of the self-care, productivity, and leisure areas (COMP-
Performance, and COPM-Satisfaction, respectively) [20]. 
Cup et al. reported that test-retest reliability of the COPM 
was good for the performance and satisfaction scores and 
its discriminant validity was confirmed [21].

Multidimensional Fatigue Inventory (MFI): MFI is 
a 20-item questionnaire with a total score of 1 to 100, in-
dicating the minimum and maximum amount of fatigue, 
respectively [22].

Interventions 

The control group received routine occupational ther-
apy intervention (six weeks, three sessions per week, 45 
min per session), including stretching exercises for the 
intrinsic muscles of the affected hand, weight-bearing 
exercises on the affected hand and both hands, range 
of motion exercises, finger ladder exercises for shoul-
der flexion and abduction, sanding exercises using af-
fected UE and both UEs, and exercises designed based 
on Brunnstrom treatment approach and Proprioceptive 
Neuromuscular Facilitation approach. 

The intervention group received UE coordination ex-
ercises based on fatigue prediction using the Kinect (six 
weeks, three sessions per week, 30 min per session) in 

addition to the traditional rehabilitation (15 min per ses-
sion). Bimanual exercises based on fatigue prediction.

To perform the UE coordination exercises, the partici-
pants sat on a chair without arm rests in front of a height-
adjustable table and performed three bilateral shoulder 
movements, including flexion/extension, abduction/
adduction, and horizontal abduction/adduction at three 
heights (i.e., below shoulder level, parallel to shoul-
der level, and above shoulder level) [23]. During each 
of these movements, small or large cylindrical objects, 
cones, cubes, or balls were placed in the participant’s 
hand. To predict fatigue during UE coordination exer-
cises, the Kinect was placed 1.5 meters in front of the 
patient’s chair. The participant’s fatigue was predicted 
by the Kinect based on the number of repetitions per-
formed for each of the three types of above-mentioned 
movements. When the participant’s fatigue in one type 
of these movements reached 70%, the type of movement 
was changed. Data collection was performed in reha-
bilitation clinics of Shafa-Yahyaeian Hospital in Tehran 
from May 2019 to June 2020. Analysis of the Kinect 
data was performed by a program written by an expe-
rienced biomechanical engineer. All assessments were 
performed in two hours during two sessions (with an 
average break of 2-3 minutes between assessments) by 
an occupational therapist with 5 years of clinical experi-
ence. All interventions were done by the first author.

Assessments were done by the same examiner three 
times: pre-treatment, post-treatment, and follow-up (i.e., 
6 weeks after the interventions ended). BBT and PPT 
tests were used to evaluate gross and fine manual dexter-
ity, respectively. Motor function of UE was assessed by 
the WMFT, ARAT, and MAM-16 tests. Shoulder and el-
bow proprioception was measured by the SPST and EPST 
tests, respectively. Occupational performance and satisfac-
tion of occupational performance were evaluated using the 
COPM. SH-BI and MFI were used to evaluate indepen-
dence in ADLs and fatigue severity, respectively. All as-
sessments were performed in one session in random order.

Statistical analysis

The Shapiro-Wilk test was done to assess the normal 
distribution of data. The main effect of group (control 
and intervention groups) and time (pre-treatment, post-
treatment, and follow-up) and their interaction effect on 
different outcome measures (i.e., UE sensory and motor 
functions, gross and fine manual dexterity, independence 
in ADLs, occupational performance, and satisfaction of 
occupational performance) were analyzed by a 2×3 two-
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way analysis of variance. Bonferroni post hoc test was 
conducted for multiple comparisons.

3. Results

A total of 110 chronic stroke survivors were screened, 
and 24 cases met the inclusion criteria and were random-
ly allocated to the control (n=12) or intervention (n=12) 
group. The Mean±SD age was 59.50±12.10 years in the 
control group and 51.91±11.85 years in the intervention 
group. There was not a significant difference between 
the control and intervention groups in terms of clinical 
and demographic characteristics, except for gender. De-
scriptive data of participants’ characteristics are depicted 
in Table 1. The Mean±SD of the outcome measures is 
shown in Table 2.

The results of this study revealed that the main effect of 
the group was not significant for gross and fine manual 
dexterity assessed by BBT and PPT (unimanual, biman-
ual, and assembly subtests), respectively. However, the 
main effect of time was significant for the BBT score 
and assembly subscore of PPT. Also, the group×time in-
teraction effect was only significant for the PPT biman-
ual subscore (P<0.05) (Table 3). The results of multiple 
comparisons showed significant improvement in PPT bi-

manual subscore in both control and intervention groups 
at post-treatment, which was remained at follow-up only 
in the control group (Figure 2).

Regarding the UE motor function (measured by WFT-
Functional ability, WFT-Time, ARAT, and MAM-16), 
grip strength, occupational performance, and satisfac-
tion of occupational performance (evaluated by COPM-
Performance and COPM-Satisfaction), the main effect 
of group and the interaction effect of group×time were 
not significant. However, the main effect of time was 
significant (P<0.05) (Table 3), indicating the significant 
improvement in UE motor function, grip strength, oc-
cupational performance, and satisfaction of occupational 
performance in both control and intervention groups. No 
significant difference was found between the control and 
intervention groups regarding these outcome measures. 

Further, the results showed a significant main effect 
of time and group as well as their interaction effect on 
elbow proprioception of the affected side measured by 
EPST (P<0.05) (Table 3). The results of multiple com-
parisons revealed significant improvement in elbow 
proprioception in both control and intervention groups 
at post-treatment, which was remained at follow-up only 
in the intervention group (Figure 3).

Table 1. Demographic and clinical characteristic of the participants

P
Between Groups

No. (%)/Mean±SD (Range)
Characteristics Intervention Group

(n=12)
Control Group

(n=12)

0.019/33/9Sex (female/male)

0.1412/010/2Dominant side (right/left)

0.389/37/5Affected side (right/left)

0.674/85/7Lesion type (ischemia/hemorrhage)

0.15
51.91±11.85

(32-69)
59.50±12.10

(33-79)
Age (y)

0.77
74.08±87.37

(12-312)
56.41±44.53

(14-136)
Times since stroke (month)

0.32
4(4)
2(5)
6(6)

4(4)
5(5)
3(6)

Brunnstrom stage of motor recovery for upper extremity

0.07
27.25±3.16

(21-30)
28.75±2.49

(21-30)
MMSE (score)

0.52
6.91±5.66

(0-21)
4.83±3.85

(0-10)
BDI (score)

MMSE: Mini Mental State Examination; BDI: Beck Depression Inventory.
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Table 2. Descriptive data (Mean±SD) for outcomes measures at pre-treatment, post-treatment and follow-up

Variables

Control Group
(n=12)

Intervention Group
(n=12)

Pre-treat-
ment

Post-treat-
ment Follow-up Pre-treat-

ment
Post-treat-

ment Follow-up

Motor 
Coordination 

of UE

Fine Motor Coordination of UE-
affected hand: PPT

(Number of pins per 30 seconds)
5.58±4.87 6.16±4.70 5.66±4.63 3.91±3.57 4.50±3.45 4.25±4.47

Fine Motor Coordination of UE-
Two hand: PPT

(Number of pins per 30 seconds)
4.25±4.30 5.08±4.12 4.41±3.77 3.0±2.73 3.33±3.20 4.16±4.01

Fine Motor Coordination of UE-
Montage: PPT

(Number of pins per 30 seconds)
1.16±1.02 1.58±1.24 1.41±1.08 1.25±1.28 1.5±1.31 1.41±1.37

Gross Motor Coordination of 
UE-affected hand: BBT

(Number of blocks per 60 
seconds

21.25±15.65 23.66±16.21 23.25±16.29 23.58±15.29 26.25±16.19 26±16.32

Motor 
function 

of UE

MAM-16
(0-64) 42.33±20.78 44.75±20.70 44.5±21.16 40±17.24 45.25±14.25 46.4±14.14

WMFT-Functional Ability
(0-75) 68.75±14.72 66.16±19.18 70.41±15.63 71.41±13.74 73.25±11.66 72.75±11.28

WMFT-Time
(seconds) 38.66±39.15 35.41±40.49 36.37±40.19 42.58±47.40 39.16±49.25 40.41±48.85

ARAT
(0-57) 42±19.22 43.41±18.97 43.33±19.54 44.25±18.64 46.41±16.25 45.58±16.96

Power 
grasp of UE

Dynamometer
(Kg) 17.12±9.24 23.93±20.37 18.80± 9.87 15.72±10.01 19.26±10.96 19.07±10.28

Function of 
shoulder 

propriocep-
tion sense 

on Affected 
side

Average error recognition of 
angle on the shoulder: SPST

(degree)
7.02±5.31 5.51±4.36 5.77±5.10 6.08±6.06 5.59±4.67 4.55±5.27

Function 
of Elbow 

Propriocep-
tion Sense 

on Affected 
side

Average error recognition of 
angle on the elbow: EPST

(degree)
7.80±6.87 6.18±5.56 6.72±6.40 6.05±3.94 4.29±2.88 3.94±2.96

Participa-
tion

COPM-Performance
(0-10) 5.97±2.05 6.93±1.65 7.12±1.63 5.73±1.89 6.5±1.84 6.7±1.77

COPM-Satisfaction
(0-10) 5.74±2.54 6.8±2.06 7.15±1.73 5.6±2.05 6.15±1.8 6.35±1.78

Activity of 
Daily living

SH-BI
(0-100) 97.7±11.08 97.4±7.55 97.1±8.49 98±4.32 98.4±4.4 98.4±4.4

Fatigue MFI
(1-100) 40.50±13.07 38.33±10.87 39.83±11.21 39.91±8.42 36.91±7.93 39.58±8.56

PPT: Purdue and Pegboard Test; BBT: Box and Block Test; MAM-16: Manual Ability Measure-16; WMFT: Wolf Motor Function Test; 
ARAT: Action Research Arm Test; SPST: Shoulder Position Sense Test; EPST: Elbow Position Sense Test, COPM-performance: Canadi-
an Occupational Performance Measure-performance; COPM-Satisfaction: Canadian Occupational Performance Measure-Satisfaction; 
SH-BI: Shah-Barthel Index, MFI: Multi-dimensional Fatigue Inventory, UE: Upper Extremity
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Also, shoulder proprioception evaluated by the SPST 
was significantly affected by the group×time interaction 
effect, but not the group or time main effect (Table 3). 
As depicted in Figure 4, a significant improvement in 
shoulder proprioception was found in both control and 
intervention groups at post-treatment, which was main-
tained at follow-up only in the intervention group. 

The results indicated the significant main effect of time 
and the interaction effect of group×time on the fatigue 
severity (P<0.05), but the main effect of the group was 
not significant (Table 3). The results of multiple compar-
isons showed a significant reduction in fatigue severity 
in both control and intervention groups at post-treatment, 
which did not remain at follow-up (Figure 5). 

23 
 

Figure 2. The plot of the group by time interaction effect for fine motor coordination of upper extremity assessed by bimanual 
subtest of Purdue Pegboard Test (PPT) for affected hand

* P≤0.05; ** P≤0.01.

22 
 

Figure 1. Participants’ flow-diagram
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Table 3. Comparison of functional outcomes measurement of pre-treatment, post-treatment and follow-up in chronic stroke survivors

Variables

Main Effect Interaction Effect

Group Time Group×Time

F P Partial 
Ƞ2 F P Partial 

Ƞ2 F P Partial
Ƞ2

Motor Co-
ordination 

of UE

Fine motor coordination of upper 
extremity-Affected hand: PPT

(Number of pins per 30 seconds)
0.83 0.37 0.03 2.5 0.09 0.1 0.14 0.86 0.007

Fine motor coordination of upper 
extremity-Two hand: PPT

(Number of pins per 30 seconds)
0.42 0.52 0.01 2.93 0.06 0.11 3.21 0.05 0.12

Fine motor coordination of upper 
extremity-montage: PPT

(Number of pins per 30 seconds)
0.001 0.98 0.000 3.04 0.05 0.12 0.007 0.99 0.00

Gross motor coordination of up-
per extremity-Affected hand: BBT

(Number of blocks per 60 sec-
onds)

0.13 0.71 0.006 9.52 0.001 0.30 0.38 0.64 0.017

Motor 
Function 

of UE

MAM-16
(0-64) 0.16 0.69 0.007 10.12 0.001 0.31 0.25 0.29 0.05

WMFT: Functional Ability
(0-75) 0.025 0.87 0.001 19.84 <0.0001 0.90 0.036 0.85 0.002

WMFT-Time
(seconds) 0.1 0.74 0.005 20.34 <0.0001 0.48 0.71 0.49 0.031

ARAT
(0-57) 0.27 0.60 0.01 7.29 0.008 0.24 0.46 0.53 0.02

Power 
Grasp of 

UE

Dynamometer
(Kg) 0.001 0.97 0.000 8.94 0.001 0.28 0.37 0.68 0.01

Function of 
Shoulder 

Propriocep-
tion Sens 

on the 
Affected 

Side

Average error recognition of 
angle on the shoulder: SPST

(degree)
0.25 0.061 0.01 2.15 0.14 0.08 0.069 0.046 0.031

Function of 
Elbow Pro-
prioception 
Sens on the 

Affected 
Side

Average error recognition of 
angle on the elbow: EPST

(degree)
1.16 0.029 0.053 6.78 0.003 0.024 0.059 0.055 0.027

Participa-
tion

COPM-Performance
(0-10) 0.85 0.36 0.03 11.33 0.002 0.34 0.26 0.65 0.012

COPM-Satisfaction
(0-10) 1.04 0.31 0.04 11.26 <0.0001 0.33 0.49 0.61 0.02

Activity of 
Daily Living

SH-BI
(0-100) 0.38 0.54 0.01 2.78 0.10 0.11 0.12 0.74 0.005

Fatigue MFI
(1-100) 0.61 0.26 0.01 16.70 <0.0001 0.43 3.98 0.03 0.15

Bold: P≤0.05; PPT: Purdue and Pegboard Test; BBT: Box and Block Test; MAM-16: Manual Ability Measure-16; WMFT: Wolf Mo-
tor Function Test; ARAT: Action Research Arm Test; SPST: Shoulder Position Sense Test; EPST: Elbow Position Sense Test, COPM-
Performance: Canadian Occupational Performance Measure-Performance; COPM-Satisfaction: Canadian Occupational Performance 
Measure-Satisfaction; SH-BI: Shah-Barthel Index, MFI: Multi-dimensional Fatigue Inventory, UE: Upper Extremity 
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Moreover, independence in ADLs assessed by SH-BI 
was not affected by the main effect of time and group or 
their interaction effect (Table 3). 

4. Discussion

The current study was conducted to investigate the ef-
fects of UE coordination exercises based on fatigue 
prediction on the UE sensory-motor functions in chronic 
stroke survivors. The results of this study showed sig-
nificant improvement of UE motor functions (i.e. fine 
manual dexterity assessed by BBT and PPT, respective-
ly, WMFT-Functional ability and WMFT-time, ARAT, 
and MAM-16 score), shoulder and elbow propriocep-
tion, grip strength, and occupational performance and 
satisfaction of occupational performance (measured by 
COMP), as well as a significant reduction in fatigue 
severity in both the control and intervention groups. 
Significant improvement in BBT score [6, 24], WMFT-

Functional ability and WMFT-time [25-27], and ARAT 
score [23, 28], grip strength [6, 24], and shoulder pro-
prioception [29] has also been reported previously in 
chronic stroke survivors following bimanual UE exer-
cises. However, following receiving the assigned exer-
cises, no significant difference was found between the 
control and intervention groups regarding these outcome 
measures, which may be explained by the small sample 
size. Thus, future studies are suggested to be done on 
the effects of UE coordination exercises on UE sensory-
motor functions using a larger sample size. 

Symmetrical bilateral exercises employ many forms 
of bilateral neural coupling mechanisms to enhance the 
plasticity of the central nervous system that activates the 
same neural networks in both brain hemispheres and 
reduces interhemispheric inhibition [7]. Besides, more 
corticospinal pathways are recruited in bilateral arm ex-
ercises because the unaffected UE is involved in these 
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Figure 3. The plot of the group by time interaction effect for shoulder proprioception evaluated by Sense Test (SPST)

** P≤0.01.
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Figure 4. The plot of the group by time interaction effect for elbow proprioception evaluated by Elbow Position Sense Test (EPST)

* P≤0.05; ** P≤0.01.
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exercises in addition to the affected UE [27]. This leads 
to less energy consumption for exercises, which in turn 
results in performing exercises over a shorter time [7]. 
In patients with chronic motor impairments after stroke, 
specific bilateral repetitive upper extremity rehabilita-
tion therapy appears to induce reorganization in bilateral, 
but mainly in contralesional, hemisphere networks and in 
the cerebellum, and may operate by recruiting these brain 
areas to provide functional benefits, such as improvement 
of motor function [27]. Since finger movement exercises 
were performed in the form of gross and fine grips in both 
control and intervention groups of the present study, this 
group was also expected to show significant improve-
ment of UE motor functions at post-treatment in com-
parison with pre-treatment evaluation. In line with previ-
ous studies [30], the significant improvement observed 
in the UE motor function in the current study may result 
in a significant enhancement of the occupational perfor-
mance and satisfaction of occupational performance in 
both control and intervention groups.

In the current study, bilateral UE exercises based on fa-
tigue prediction were provided in the intervention group. 
Predicting fatigue made it possible to increase the dura-
tion of exercises and the number of exercises performed 
in each session. Based on motor learning principles, in-
creasing the number of exercises plays an important role 
in motor learning and consolidation. Thus, it is possible 
that predicting early fatigue during exercises and chang-
ing the type of exercises to increase rehabilitation efficien-
cy in the intervention group led to a significant improve-

ment in the motor function of this group after receiving 
the exercises. Moreover, a significant reduction in fatigue 
severity observed in both control and intervention groups 
in the present study may also be involved in the improve-
ment in UE motor function of both groups. Fatigue may 
induce a reduction in the activation level of UE muscles, 
which could decrease function. In addition to the UE mo-
tor functions, fatigue may negatively affect joint proprio-
ception through deficiencies in muscle mechanorecep-
tors activation or a decrease in muscle function. 

The proprioceptive impairment due to muscle fatigue 
could be caused by changes in the discharge patterns of 
muscle afferents due to metabolites build-up, leading to 
potential altered muscle spindles information [31-33]. 
Further, in a recent systematic review, it has been sug-
gested that rehabilitation interventions, including repeti-
tive exercises, lead to improved strength in stroke survi-
vors [34], as evidenced by increased grip strength in the 
present study. Moreover, the negative effects of fatigue 
on occupational performance and roles, such as social 
participation, return to work, driving, etc. have been re-
ported previously [35]. Since in this study the fatigue 
severity was reduced in both control and intervention 
groups, it can be assumed that the reduction in fatigue 
severity led to improved occupational performance.

However, the findings of this study showed that inde-
pendence in ADLs evaluated by SH-BI did not change 
significantly following receiving exercises in the control 
or intervention groups. This finding may be explained 
by the fact that the participants in the current study were 
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Figure 5. The plot of the group by time interaction effect for the severity of fatigue measured by Multi-dimensional Fatigue 
Inventor elbow proprioception evaluated Elbow Position Sense Test (EPST)

* P≤0.05; ** P≤0.01; *** P≤0.001; **** P≤0.0001.
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in the Brunnstrom recovery stage 4, 5, or 6 and most of 
them (11 participants in each group) had no dependence 
or minimum dependence in ADLs according to the SH-
BI score. Rodgers et al. and Duncan et al. also found 
a significant improvement in the UE function of stroke 
survivors without any change in their independence in 
ADLs following rehabilitation interventions [36, 37].

5. Conclusion

The results of this study showed a significant improve-
ment in UE motor functions, shoulder and elbow pro-
prioception, grip strength, and occupational performance 
and satisfaction of occupational performance, as well 
as a significant reduction in fatigue severity in chronic 
stroke survivors in both control and intervention groups. 
In this study, sensory-motor functions were assessed by 
behavioral tests. However, assessments of UE functions 
using motion analysis and magnetic resonance imaging 
may provide further information regarding the effects of 
UE coordination exercises based on fatigue prediction. 
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