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Objectives: Upper limb motor impairment causes limited activities of daily living in stroke 
survivors. Bimanual therapy is based on Bimanual movement that facilitates cortical balancing 
by simultaneous movement of paretic and non-paretic arms while performing a task. Studies 
aimed at exploring the effects of resisted Bimanual therapy with rhythmic auditory cues on arm 
function, balance, and endurance in stroke survivors.

Methods: A pilot study was commenced after the institutional ethical committee approval. 
Twenty stroke survivors were randomly allocated into two treatment groups; Group A received 
conventional therapy along with resisted bimanual therapy with rhythmic auditory cues and 
group B received only conventional therapy. All patients received 14 treatment sessions within 
three weeks. Each session lasted for 45-60 minutes. The outcome measures used to assess hand 
function, trunk function, balance, gait, and endurance were Wolf Motor Function (WMFT), 
Trunk Impact Scale (TIS), Berg’s Balance Scale (BBS), Dynamic Gait Index (DGI), and Six 
Minute Walk Test (6MWT), respectively.

Results: Pre-post-analysis in resisted bimanual therapy with rhythmic auditory cues showed 
statistically significant difference in WMFT (P=0.005), TIS (P=0.005), BBS (P=0.005), 
DGI (P=0.008), and 6MWT (P=0.003). Pre-post-analysis in conventional therapy showed 
statistically significant difference in WMFT (P=0.005), TIS (P=0.016), and BBS (P=0.014). 
Inter-group analysis of mean difference between resisted bimanual therapy with rhythmic 
auditory cues and conventional showed statistically significance difference in WMFT 
(P=0.037), TIS (P=0.003), BBS (P=0.0001), and DGI (P=0.004).

Discussion: Although both groups showed improvement individually in arm function, balance, 
and functional capacity among stroke survivors, resisted bimanual therapy with rhythmic 
auditory cues showed better improvement than conventional therapy in all three components: 
arm function, balance, and functional capacity in stroke survivors.
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Highlights 

● Resisted bimanual therapy with rhythmic auditory cues improves hand function, trunk function, balance, and func-
tional capacity in stroke survivors.

● Resisted bimanual therapy with rhythmic auditory cues showed no effect on cardiovascular endurance among 
stroke survivors.

● In comparison, resisted bimanual therapy with rhythmic auditory cues showed better improvement than conven-
tional therapy in all three components than conventional therapy.

● Training upper limb can improve lower limb function in post-stroke survivors. 

Plain Language Summary 

Stroke is one of the disabling conditions, which often grossly influences the activity of daily living and functional 
performance in stroke survivors. In the majority of survivors, upper limb dysfunction is commonly seen that needs 
a longer time to recover. Resisted bimanual therapy with rhythmic auditory cues is based on a bimanual movements 
task that encourages both upper limbs to use to complete the task successfully. Resistance in this therapy is given by a 
well-calibrated weight cuff on the non-paretic arm and rhythmic auditory cues by a metronome that is set at a defined 
frequency. Resisted bimanual therapy can improve upper limb function as therapy is intense, repetitive, and causes 
voluntary movement of paretic arm are performed on metronome pre-set frequency that modulates movement direc-
tion and speed. It is more pleasant and encouraging for patients by overcoming physical task challenges. Conventional 
therapy included stretching, strengthening, weight-bearing exercise, and the bimanual task was considered with the ab-
sence of added weight and auditory cues. In our study, ten stroke survivors performed resisted the bimanual movement 
task with rhythmic auditory cues. The finding showed improvement in arm function, balance, and functional capacity 
in survivors; thus, using this therapy on a routine basis can be beneficial for stroke patients.

1. Introduction

orld Health Organization (WHO) de-
fines stroke as a neurological deficit 
attributed to an acute focal injury of 
the central nervous system by vascular 
cause or origin [1]. According to 2013 

epidemiological studies, the incidence rate of stroke in 
India is 147 to 922 in 1,00,000 population [2]. Activi-
ties of Daily Living (ADLs) are limited in 70%-80% of 
stroke survivors due to motor impairment of affected 
upper extremity. Major patients do not regain functional 
use of paretic limb and by six months post-stroke, ap-
proximately 28%-50% of stroke survivors remain de-
pendent on a caregiver for their ADL [3] due to impair-
ment in gross upper limb function, manual dexterity, 
and arm-trunk coordination post-stroke [4, 5]. Stroke 
induces trunk spasticity and causes muscle weakness 
on both sides of the trunk that induces limitation in uni-
manual trunk movement, postural stability and produces 
an alteration in movement coordination at the multiple-
joint level. As a result, causes poor arm-trunk coordina-
tor movements that is more likely to produce reduced 

arm swing, trunk rotational movement, and pelvic sta-
bility during gait [5]. Conventional bimanual therapy is 
based on a bimanual coordinated active task and specific 
movements where they are constrained to act as a single 
unit by virtue of mutual coupling [6-10]. According to a 
randomized controlled trial, upper limb and trunk dys-
function can influence and alter antigravity postures and 
proximal body stability during dynamic movements and 
gait among stroke survivors [11-15]. 

Conventional bimanual therapy is proven to be effec-
tive in producing significant improvement in upper limb 
function in a longer time frame [15, 16]. Application of 
resisted bimanual therapy with rhythmic auditory cues 
consists of a constant resistance that is applied on the 
non-paretic arm of stoke survivors while performing a 
bimanual movement task at a pre-defined beat frequen-
cy. There is scarcity in the literature about the use and 
effect of resisted bimanual therapy with rhythmic audi-
tory cues; hence, the present study aimed to explore the 
effects of resisted bimanual therapy with rhythmic au-
ditory cues on arm function, balance, and endurance in 
stroke survivors.

W
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2. Materials and Methods

A pilot study was commenced after the approval from 
MGMUPT Institutional Ethical Review Committee 
(IEC) and a signed written informed consent form was 
obtained from all participants prior to administration of 
therapy. Twenty stroke survivors were included from 
out-patient and in-patient departments of two tertiary 
health care centers from the Navi-Mumbai region and 
were randomly allocated into two treatment groups us-
ing the lottery method (10 participants in each group). 
Group A received conventional therapy along with re-
sisted bimanual therapy with rhythmic auditory cues and 
group B received only conventional therapy. 

All participants met the following inclusion criteria: 
first-time stroke survivor patient within one year of di-
agnosis by computerized tomography or magnetic reso-
nance imaging, the age of 45-70 years, normal BMI, class 
I obesity as per WHO classification, being able to walks 
10 m with or without assistive device, cognitive mini 
mental scale examination score of 24 and above [17], 
grade 2 and above in the Brunnstrom voluntary control 
grading [18], and spastic muscle tone of upper limb Garde 
II and below in the Modified Ashworth scale. Exclusion 
criteria were any unstable medical and cardiovascu-
lar conditions, a musculoskeletal disorder affecting arm 
mobility, like shoulder subluxation, reflex sympathetic 
dystrophy, etc., and any other neurological comorbidi-
ties, like seizures and non-correctable visual impairment, 
caused due to post-stroke events. The principal investiga-
tor was blinded and evaluated all the outcome measures 
used to assess hand function, trunk function, balance, gait, 
and endurance by administering the Wolf Motor Function 
Test (WMFT), Trunk Impact Scale (TIS), Berg’s Balance 
Scale (BBS), Dynamic Gait Index (DGI), and 6 Minute 
Walk Test (6MWT), respectively. 

Intervention: Resisted bimanual therapy with rhyth-
mic auditory cueing group received calibrated weight 
cuff of 912g [9] that was tied over the non-paretic fore-
arm. Weight cuff of 912g was calibrated using standard-
ized calibration procedure, eccentricity test, and test-re-
test reliability test. Metronome was used as an auditory 
cue that was rhythmic in nature with a beat frequency 
of 20 beats per minute [4]. Metronome was turned off 
during the rest phase. Therapy included conventional 
therapy and bimanual tasks with weight cuff and met-
ronome. Bimanual movement task included: 1) Transfer 
of the ball from one side of vertical separator to another 
side, 2) Transfer and passing the ball to therapist from 
one side to other using trunk rotation in a circular man-
ner, 3) Controlled rolling of the ball on the wedge, 4) 

Controlled rolling a towel (cleaning of the wall) in up to 
down, side to side and circular movement and 5) Move-
ment of the ball in Proprioceptive Neuromuscular Facili-
tation (PNF) diagonal chopping and lifting pattern. First, 
the three movements were performed in a high sitting 
position whereas the remaining two were performed in 
a standing position. In the ball-based task, the ball was 
held in between both hands with elbow extension. If the 
patient was unable to hold the ball, straps were used. 
Conventional therapy group received weight-bearing ex-
ercise, stretching and strengthening exercise, pegboard 
exercise, functional object grasp exercise, and bimanual 
task without any added weight and auditory cue. Both 
groups received 15 intervention sessions within three 
weeks and each session lasted 45-60 minutes [2, 4].

Outcome measures: WMFT [19] was used to assess 
upper limb function based on time-based functional 
tasks. It consists of 17 tasks scaled on a five-point score 
for each task. TIS [20] was used to assess motor impair-
ment in the trunk after stroke. It consists of three sub-
groups: static sitting balance, dynamic sitting balance, 
and trunk coordination. Each component has a score 
ranging from 0-3. The upper limit score is 24 signifies 
better trunk motor function. BBS [21] was used to assess 
proactive, balance, and risk of fall consisting of 14 com-
ponents with rating scales of each component ranging 
from 0-4. A score from 56-41 indicates low risk, 21-40 
medium risk, and 0-20 high risk of falls. DGI [22] was 
used to assess gait and balance. It consists of eight tasks 
and each component has a 4-point ordinal scale with a 
maximum score of 24. Also, the 6MWT [2, 23] was to 
assess cardiovascular endurance and distance covered.

Statistical analysis: SPSS v. 24  software was used for 
data analysis. The mean and standard deviation of de-
mographic variables were calculated. Shapiro-Wilk test 
was used for the normality of each variable. Wolff motor 
function test-functional grade, 6-minute walk distance 
covered, and heart rate recovery within 1 minute was 
not normally distributed; hence, Wilcoxon signed-rank 
test was used. Other variables were normally distributed; 
thus, analysis was carried out using paired t-test for in-
tragroup analysis. For intergroup analysis, differences 
between pre-test and post-test values were obtained, and 
a normality test was used using the Shapiro-Wilk test. 
For the normally distributed data, ANOVA and post hoc 
Tukey’s LSD test was used, and for the freely distributed 
data, the Kruskal-Wallis test was used. Statistical signifi-
cance was set at P-value ≤0.05.
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3. Results

Twenty stroke survivors, including 13 males and 
7 females were enrolled in the study with the mean 
age 54.72±9.15 years, mean duration of stroke was 
7.27±3.55 months, mean BMI was 24.94±3.33 kg/m2, 
and 11 patients had left side affected, whereas 9 cases 
had right side affected (Table 1). 

The intra-group pre post comparison of resisted bi-
manual therapy with rhythmic auditory cues showed 
statistical significances in the scores of WMFT (z= 
-2.80, P=0.005), TIS (z=2.82, P=0.005) BBS (z=2.814, 
P=0.005), DGI (z=2.694, P=0.008), and 6MWT distance 
covered (t=-4.08, P=0.003) (Table 2).

The intra-group pre post comparison of the convention-
al therapy showed statistically significant improvements 
in only WMFT (z=-2.803, P=0.005), TIS (z=2.414, 
P=0.016) and BBS scores (z=2.46, P=0.014) (Table 3).

Further, post hoc test showed statistical differences in resist-
ed bimanual with rhythmic auditory cues in WMFT (P=0.76), 
TIS (P=0.928), BBS (P=0.223), DGI (P=0.531), 6MWT dis-
tance (P=0.013) with respect to conventional therapy in all 
domains expect cardiovascular endurance (Table 4).

4. Discussion

We explored the effect of resisted bimanual therapy 
with rhythmic auditory cueing on arm function, balance, 

Table 2. Intragroup comparison of patients receiving resisted bimanual therapy with rhythmic auditory cues

Outcome Measures
Mean±SD Statistic 

Value P
Pre-test Post-test Mean Difference

WMFT (sec) 180.42±18.56 155.29±104 23.43±26.65 z=-2.80# 0.005*

TIS (score) 13.9±2.84 17.0±2.58 7.1±1.19 z=2.82# 0.005*

BBS (score) 37.7±8.11 41.6±9.58 3.1±1.85 z=2.814# 0.005*

DGI (score) 12.3±5.83 14.3±6.44 3.9±1.15 z=2.694# 0.008*

6MWT peak heart rate (hr/min) 107.5±41.70 105.9±41.39 2.0±3.82 z=1.362# 0.173

6MWT distance covered (meter) 223.95±106.07 243.1±10.7 1.2±3.82 t=-4.08## 0.003*

6MWT heart rate recovery in 1 minute 4.5±2.41 4.9±2.76 0.4±0.96 t=-1.31## 0.223

* P<0.05; #Wilcoxon signed rank test; ##Student t-test; WMFT: Wolff Motor Function Test; TIS, Trunk Impairment Scale; BBS, Berg’s 
Balance Scale; DGI, Dynamic Gait Index; 6MWT, 6 Minute Walk Test

Table 1. Demographic information of the participants

Variables
Mean±SD/No.

Group A (n=20) Group B (n=20)

Age (y) 59.2±8.216 52.5±10.99

Body mass index (kg/m2) 25.89±3.41 25.19±4.03

Duration (mon) 6.0±3.59 7.9±3.81

Gender
Male (n=13) 5 8

Female (n=7) 5 2

Affected side
Right (n=9) 3 6

Left (n=11) 7 4

Group A: Resisted bimanual therapy with rhythmic auditory cues; Group B: Conventional therapy.
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and endurance in stroke survivors. Both groups showed 
significant changes in the WMFT, TIS, DGI, BBS, and 
6MWT distance but none showed any change in cardio-
vascular endurance using 6MWT.

Improvements in upper limb function resisted biman-
ual therapy with rhythmic auditory cues in participants 
could be because bilateral coordinated movements nor-
malize the inhibitory effect induced by the healthy hemi-
sphere on the affected hemisphere. Bimanual movement 
with resistance caused strong activation of weak upper 
limb extensors than conventional therapy with added 
resistance. The added benefits of metronome auditory 
cueing, helped in maintaining the quality of movement 
pattern at a pre-defined frequency. A similar study by 

Whitall et al. used bimanual arm therapy using a tailor 
wind device showed improvement in paretic upper limb 
movements activities that helped in setting a future goal 
in post-stroke patients [4].

Improvements in trunk function in resisted bimanual 
therapy with rhythmic auditory cues in participants are 
attributed to resisted bimanual movement task patterns 
that challenged more pelvic stability and trunk muscle 
activation than no resistance therapy. Improved pelvis 
stability helps in the maintenance of vertical upright 
trunk posture during the activity based on rhythmic cues 
that gave participants a sense of timing and feedback 
on performance and result. This improved arm-trunk 
motor coordination to complete the task and increased 

Table 3. Intragroup comparison of patients receiving conventional therapy

Outcome Measures
Mean±SD

Statistic Value P
Pre-test Post-test Mean Difference

WMFT (sec) 273.83±82.74 265.97±81.13 7.96±5.38 -2.803# 0.005*

TIS (score) 12.7±2.45 13.8±2.34 0.6±0.99 2.414# 0.016*

BBS (score) 18.6±10.63 19.5±10.69 1.1±0.73 2.46# 0.014*

DGI (score) 39.4±9.14 40.4±9.61 0.9±0.81 -2.428# 0.150

6MWT peak heart rate (hr/min) 109.3±20.05 109.1±19.71 1.0±2.48 1.651# 0.099

6MWT distance covered (meter) 268.72±4.00 275.73±6.81 2.2±4.17 -6.960## 0.300

6MWT heart rate recovery in 1 minute 6.9±1.66 7.1±1.59 0.2±0.42 -1.500## 0.168

* P<0.05. # Wilcoxon signed rank test; ## Student t-test.WMFT: Wolff Motor Function Test; TIS: Trunk Impairment Scale; BBS: Berg’s 
Balance Scale; DGI: Dynamic Gait Index; 6MWT: 6 Minute Walk Test.

Table 4. Intergroup comparison using post hoc test between resisted bimanual therapy

Outcome Variables Mean Difference Between Group A and Group B SE P

WMFT (sec) 15.48 11.81 0.037*

TIS (score) 2.000 0.54 0.003*

BBS (score) 3.000 0.58 0.0001*

DGI (score) 1.000 0.47 0.044*

6MWT peak heart rate (hr/min) 9.56 5.67 0.229

6MWT distance covered (meter) -3.40 1.19 0.080

6MWT heart rate recovery in 1 minute 0.20 0.28 0.488

Group A: rhythmic auditory cues : Group B: conventional therapy. * P<0.05. WMFT: Wolff Motor Function Test; TIS: Trunk Impairment 
Scale; BBS: Berg’s Balance Scale; DGI: Dynamic Gait Index; 6MWT: 6 Minute Walk Test; SE: Standard Error
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voluntary activity of trunk muscles in conjunction with 
the involuntary core muscles. A study on post-stroke sur-
vivors showed that kinematical analysis of upper limb 
movements is highly associated with and strongly acti-
vates trunk muscles and activates trunk muscles in stroke 
patients [15]. Another study by Lee et al. [13] showed 
improvement in trunk function on reaching and the turn-
ing bimanual task in stroke patients.

Balance improvements in resisted bimanual therapy 
with rhythmic auditory cues participants could be be-
cause resisted diagonal pattern bilateral task was more 
effortful, dynamic in nature, and self-competitive-based. 
Additional cueing during performance demanded more 
attention and concentration that influenced psychologi-
cal factors to come into play to complete the task. Gait 
is a closed kinematic chain movement that involves 
time-based specific coordination of bilateral extremities 
with trunk during translator motion. Improved bilateral 
arm movements, trunk coordination, and pelvic stability 
while performing dynamic activity must have constantly 
challenged stability and base of support that was more in-
tense and repetitive in nature would have activated lower 
limb muscle and improved trunk-lower limb coordination 
in terms of timings and speed. Resistance while perform-
ing activity must have made frequent and strong activa-
tion of lower limb muscles and gained control of move-
ment at the multi-joint level that would have resulted in 
improvement in gait in participants subjected to resisted 
bimanual therapy with rhythmic auditory cues. A similar 
study by Ahmad et al. [14] on cued upper limb, trunk, 
and lower limb functional tasks showed improvement in 
static and dynamic balance in Parkinson’s patients. 

There were no improvements in cardiovascular endur-
ance in resisted bimanual therapy with rhythmic audi-
tory cues participants but there was a significant im-
provement in physical functioning of stroke patients in 
relation to distance covered in six minutes. Improved 
strength due to added resistance and coordination be-
tween trunk and limbs would have helped in lowering 
the physiological cost of ambulation, delay in fatigue 
during walking in turned improved physical functioning 
capacity in participants. Fourteen sessions of training 
must be not evident enough to produce cardiovascular 
endurance changes among stroke survivors [24-28].

5. Conclusion

Resisted bimanual therapy with rhythmic auditory cues 
showed significant improvements in upper limb func-
tion, trunk function, balance, gait, and physical function-
al capacity in stroke survivors than conventional therapy. 

Conventional and resisted bimanual therapy with rhyth-
mic auditory cues were not effective to produce any evi-
dent cardiovascular endurance changes.

Limitation and future recommendation: More in-
terventional sessions could have bought improvement in 
the cardiovascular endurance domain. Another limitation 
would be a small sample size, and future studies can con-
sider long duration with a large sample size to study and 
explore the in-depth effect of resisted bimanual therapy 
with rhythmic auditory cues and residual therapy effect.

Clinical implications: The equipment used in the thera-
pies is easily available in clinical setups; hence, therapies 
can be easily incorporated in normal neuro-rehabilitation 
settings for the betterment of stroke patients. Resisted bi-
manual therapy is an active and functional approach that 
can be advised to patients as a part of the home program 
under supervision for the betterment of stroke patients.

Ethical Considerations

Compliance with ethical guidelines

Institutional ethical approval was obtained by MGM 
University and College of Physiotherapy (MGMUPT/
CT-28/2019-200088). Written signed informed consent 
was obtained before administration of therapy.

Funding

This research did not receive any grant from funding 
agencies in the public, commercial, or non-profit sectors. 

Authors' contributions

Both authors equally contributed in preparing this article.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

We would like to express my gratitude towards MGM 
University, institutional heads, board members, and staff 
for their kind co-operation and encouragement, which 
help me in completion of this research. Also, I would 
like to express my special gratitude and thanks to all my 
patients and caregivers for giving their kind attention, 
time, and hard work to the research project

Mishr & Jose. Resisted Bimanual Therapy for Stroke Survivors. IRJ. 2022; 20(Special Issue):9-16

http://irj.uswr.ac.ir/


15

2022, Volume 20, Special Issue on Occupational Therapy

References

[1] Truelsen T, Begg S, Mathers C. The global burden of cerebro-
vascular disease. Geneva: World Health Organization; 2006. 
https://www.who.int/healthinfo/statistics/bod_cerebro-
vasculardiseasestroke.pdf 

[2] Meng G, Meng X, Tan Y, Yu J, Jin A, Zhao Y, et al. Short-
term efficacy of hand-arm bimanual intensive training 
on upper arm function in acute stroke patients: A rand-
omized controlled trial. Frontiers in Neurology. 2018; 8:726. 
[DOI:10.3389/fneur.2017.00726] [PMID] [PMCID]

[3] Cauraugh JH, Coombes SA, Lodha N, Naik SK, Summers 
JJ. Upper extremity improvements in chronic stroke: Cou-
pled bilateral load training. Restorative Neurology and Neu-
roscience. 2009; 27(1):17-25. [DOI:10.3233/RNN-2009-0455] 
[PMID] [PMCID]

[4] Whitall J, McCombe Waller S, Silver KH, Macko RF. Repeti-
tive bilateral arm training with rhythmic auditory cueing im-
proves motor function in chronic hemiparetic stroke. Stroke. 
2000; 31(10):2390-5. [PMID]

[5] Sleimen-Malkoun R, Temprado JJ, Thefenne L, Ber-
ton E. Bimanual training in stroke: How do coupling and 
symmetry-breaking matter? BMC Neurology. 2011; 11:11. 
[DOI:10.1186/1471-2377-11-11] [PMID] [PMCID]

[6] Rose DK, Winstein CJ. Bimanual training after stroke: Are 
two hands better than one? Topics in Stroke Rehabilitation. 
2004; 11(4):20-30. [PMID]

[7] Dunn A, Marsden DL, Nugent E, Van Vliet P, Spratt NJ, At-
tia J, et al. Protocol variations and six-minute walk test perfor-
mance in stroke survivors: A systematic review with meta-
analysis. Stroke Research and Treatment. 2015; 2015:484813. 
[DOI:10.1155/2015/484813] [PMID] [PMCID]

[8] Kramer S, Johnson L, Bernhardt J, Cumming T. Energy ex-
penditure and cost during walking after stroke: A system-
atic review. Archives of Physical Medicine and Rehabilita-
tion. 2016; 97(4):619-32.e1. [DOI:10.1016/j.apmr.2015.11.007] 
[PMID]

[9] Donaldson C, Tallis R, Miller S, Sunderland A, Lemon 
R, Pomeroy V. Effects of conventional physical therapy 
and functional strength training on upper limb motor re-
covery after stroke: A randomized phase II study. Neu-
rorehabilitation and Neural Repair. 2009; 23(4):389-97. 
[DOI:10.1177/1545968308326635] [PMID]

[10] Shin JW, Don Kim K. The effect of enhanced trunk con-
trol on balance and falls through bilateral upper extremity 
exercises among chronic stroke patients in a standing posi-
tion. Journal of Physical Therapy Science. 2016; 28(1):194-7. 
[DOI:10.1589/jpts.28.194] [PMID] [PMCID]

[11] Karthikbabu S, Solomon JM, Manikandan N, Rao BK, 
Chakrapani M, Nayak A. Role of trunk rehabilitation on 
trunk control, balance and gait in patients with chronic stroke: 
A pre-post design. Neuroscience and Medicine. 2011; 2(2):61-
7. [DOI:10.4236/nm.2011.22009] 

[12] Jijimol G, Fayaz RK, Vijesh PV. Correlation of trunk impair-
ment with balance in patients with chronic stroke. NeuroRe-
habilitation. 2013; 32(2):323-5. [DOI:10.3233/NRE-130851] 
[PMID]

[13] Lee DH, Park SH, Han JW. Effect of bilateral upper ex-
tremity exercise on trunk performance in patients with 
stroke. Journal of Physical Therapy Science. 2017; 29(4):625-8. 
[DOI:10.1589/jpts.29.625] [PMID] [PMCID]

[14] Ahmad F, Goel V, Dhawan L, Maurya M. The effect of ex-
ternal sensory cues on Parkinson's gait after deep brain stimu-
lation surgery. Indian Journal of Occupational Therapy. 2008; 
1(1). https://www.indmedica.com/journals.php?journalid=
10&issueid=90&articleid=1238&action=article

[15] Messier S, Bourbonnais D, Desrosiers J, Roy Y. Kinematic 
analysis of upper limbs and trunk movement during bilat-
eral movement after stroke. Archives of Physical Medicine 
and Rehabilitation. 2006; 87(11):1463-70. [DOI:10.1016/j.
apmr.2006.07.273] [PMID]

[16] Morris DM, Uswatte G, Crago JE, Cook EW 3rd, Taub E. 
The reliability of the wolf motor function test for assessing 
upper extremity function after stroke. Archives of Physical 
Medicine and Rehabilitation. 2001; 82(6):750-5. [DOI:10.1053/
apmr.2001.23183] [PMID]

[17] Jonsdottir J, Cattaneo D. Reliability and validity of the dy-
namic gait index in persons with chronic stroke. Archives of 
Physical Medicine and Rehabilitation. 2007; 88(11):1410-5. 
[DOI:10.1016/j.apmr.2007.08.109] [PMID] 

[18] Major MJ, Fatone S, Roth EJ. Validity and reliability of 
the Berg Balance Scale for community-dwelling persons 
with lower-limb amputation. Archives of Physical Medicine 
and Rehabilitation. 2013; 94(11):2194-202. [DOI:10.1016/j.
apmr.2013.07.002] [PMID]

[19] Uszko-Lencer NHMK, Mesquita R, Janssen E, Werter 
C, Brunner-La Rocca HP, Pitta F, et al. Reliability, construct 
validity and determinants of 6-minute walk test perfor-
mance in patients with chronic heart failure. International 
Journal of Cardiology. 2017; 240:285-90. [DOI:10.1016/j.ij-
card.2017.02.109] [PMID]

[20] van Delden AL, Peper CL, Harlaar J, Daffertshofer A, Zijp 
NI, Nienhuys K, et al. Comparing unilateral and bilateral up-
per limb training: The ULTRA-stroke program design. BMC 
Neurology. 2009; 9:57. [DOI:10.1186/1471-2377-9-57] [PMID] 
[PMCID]

[21] Pogliaghi S, Terziotti P, Cevese A, Balestreri F, Schena F. 
Adaptations to endurance training in the healthy elderly: 
Arm cranking versus leg cycling. European Journal of Ap-
plied Physiology. 2006; 97(6):723-31. [DOI:10.1007/s00421-
006-0229-2] [PMID]

[22] Cheng DK, Nelson M, Brooks D, Salbach NM. Validation 
of stroke-specific protocols for the 10-meter walk test and 
6-minute walk test conducted using 15-meter and 30-meter 
walkways. Topics in Stroke Rehabilitation. 2020; 27(4):251-61. 
[PMID]

[23] Bronas UG, Treat-Jacobson D, Leon AS. Comparison of the 
effect of upper body-ergometry aerobic training vs treadmill 
training on central cardiorespiratory improvement and walk-
ing distance in patients with claudication. Journal of Vascular 
Surgery. 2011; 53(6):1557-64. [DOI:10.1016/j.jvs.2011.01.077] 
[PMID]

[24] Elders LR, Greenwald HL, Sartor CA. A prelimi-
nary study of trunk kinematics during walking in nor-
mal subjects [Ph.D dissertation]. Allendale: Grand Val-
ley State University; 1997. https://www.proquest.com/
openview/55707288bdbedb684f4=y 

[25] Song BK. The effect of upper extremity training with a fo-
cus on functional reaching, on trunk control and ADL perfor-
mance in post-stroke hemiplegic patients. Journal of Korean 
Society of Physical Therapy. 2011; 23(3):71-7. https://www.
koreascience.or.kr/article/JAKO201114348973148.pdf

Mishr & Jose. Resisted Bimanual Therapy for Stroke Survivors. IRJ. 2022; 20(Special Issue):9-16

http://irj.uswr.ac.ir/
https://www.who.int/healthinfo/statistics/bod_cerebrovasculardiseasestroke.pdf
https://www.who.int/healthinfo/statistics/bod_cerebrovasculardiseasestroke.pdf
https://doi.org/10.3389/fneur.2017.00726
https://www.ncbi.nlm.nih.gov/pubmed/29403422
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5780635
https://doi.org/10.3233/RNN-2009-0455
https://www.ncbi.nlm.nih.gov/pubmed/19164850
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2752408
https://www.ncbi.nlm.nih.gov/pubmed/11022069
https://doi.org/10.1186/1471-2377-11-11
https://www.ncbi.nlm.nih.gov/pubmed/21266027
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3037867
https://www.ncbi.nlm.nih.gov/pubmed/15592987
https://doi.org/10.1155/2015/484813
https://www.ncbi.nlm.nih.gov/pubmed/25685596
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4320847
https://doi.org/10.1016/j.apmr.2015.11.007
https://www.ncbi.nlm.nih.gov/pubmed/26686877
https://doi.org/10.1177/1545968308326635
https://www.ncbi.nlm.nih.gov/pubmed/19109444
https://doi.org/10.1589/jpts.28.194
https://www.ncbi.nlm.nih.gov/pubmed/26957756
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4756002
https://doi.org/10.4236/nm.2011.22009
https://doi.org/10.3233/NRE-130851
https://www.ncbi.nlm.nih.gov/pubmed/23535795
https://doi.org/10.1589/jpts.29.625
https://www.ncbi.nlm.nih.gov/pubmed/28533598
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5430261
https://www.indmedica.com/journals.php?journalid=10&issueid=90&articleid=1238&action=article
https://www.indmedica.com/journals.php?journalid=10&issueid=90&articleid=1238&action=article
https://doi.org/10.1016/j.apmr.2006.07.273
https://doi.org/10.1016/j.apmr.2006.07.273
https://www.ncbi.nlm.nih.gov/pubmed/17084121
https://doi.org/10.1053/apmr.2001.23183
https://doi.org/10.1053/apmr.2001.23183
https://www.ncbi.nlm.nih.gov/pubmed/11387578
https://doi.org/10.1016/j.apmr.2007.08.109
https://www.ncbi.nlm.nih.gov/pubmed/17964880
https://doi.org/10.1016/j.apmr.2013.07.002
https://doi.org/10.1016/j.apmr.2013.07.002
https://www.ncbi.nlm.nih.gov/pubmed/23856150
https://doi.org/10.1016/j.ijcard.2017.02.109
https://doi.org/10.1016/j.ijcard.2017.02.109
https://www.ncbi.nlm.nih.gov/pubmed/28377186
https://doi.org/10.1186/1471-2377-9-57
https://www.ncbi.nlm.nih.gov/pubmed/19895679
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2780376
https://doi.org/10.1007/s00421-006-0229-2
https://doi.org/10.1007/s00421-006-0229-2
https://www.ncbi.nlm.nih.gov/pubmed/16799819
https://www.ncbi.nlm.nih.gov/pubmed/31752634
https://doi.org/10.1016/j.jvs.2011.01.077
https://www.ncbi.nlm.nih.gov/pubmed/21515017
https://www.proquest.com/openview/55707288bdbedb684f42854cabdde76a/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/55707288bdbedb684f42854cabdde76a/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.koreascience.or.kr/article/JAKO201114348973148.pdf
https://www.koreascience.or.kr/article/JAKO201114348973148.pdf


16

2022, Volume 20, Special Issue on Occupational Therapy

[26] Boban M, Malojčić B, Mimica N, Vuković S, Zrilić I, Hof 
PR, et al. The reliability and validity of the mini-mental state 
examination in the elderly Croatian population. Demen-
tia and Geriatric Cognitive Disorders. 2012; 33(6):385-92. 
[DOI:10.1159/000339596] [PMID]

[27] Naghdi S, Ansari NN, Mansouri K, Hasson S. A neuro-
physiological and clinical study of Brunnstrom recovery 
stages in the upper limb following stroke. Brain Injury. 2010; 
24(11):1372-8. [PMID] 

[28] Mutlu A, Livanelioglu A, Gunel MK. Reliability of ash-
worth and modified ashworth scales in children with spastic 
cerebral palsy. BMC Musculoskeletal Disorders. 2008; 9:44. 
[DOI:10.1186/1471-2474-9-44] [PMID] [PMCID]

Mishr & Jose. Resisted Bimanual Therapy for Stroke Survivors. IRJ. 2022; 20(Special Issue):9-16

http://irj.uswr.ac.ir/
https://doi.org/10.1159/000339596
https://www.ncbi.nlm.nih.gov/pubmed/22814030
https://www.ncbi.nlm.nih.gov/pubmed/20715900
https://doi.org/10.1186/1471-2474-9-44
https://www.ncbi.nlm.nih.gov/pubmed/18402701
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2330046

