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ABSTRACT 

Background  

Trunk control is thought to contribute to upper extremity (UE) function. However, this 

common assumption has not been validated.  

Objective  

To investigate the effect of providing an external trunk support on trunk control and UE 

function, and examine the relationship between trunk control and UE function in people with 

chronic stroke and healthy controls.  

Design 

A cross-sectional study was conducted.  

Methods 

Twenty-five participants with chronic stroke and 34 age and sex-matched healthy controls 
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were recruited. Trunk control was assessed using the Trunk Impairment Scale (TIS), UE 

impairment and function were assessed with Fugl-Meyer (FMA-UE) and Streamlined Wolf 

Motor Function Test (SWMFT) respectively. The TIS and SWMFT were evaluated, with and 

without an external trunk support; the FMA was evaluated without trunk support. 

Results 

With trunk support, participants with stroke demonstrated improvement in TIS from 18 to 20 

points (p<0.001); reduction in SWMFT performance time (SWMFT-Time) of the affected 

UE from 37.20 to 35.37 seconds (p<0.05); and improvement in the affected UE function 

(SWMFT-Functional Ability Scale) from 3.3 to 3.4 points (p<0.01). With trunk support, 

SWMFT-Time of healthy controls was reduced from 1.61 to 1.48 seconds (p<0.001) for the 

dominant, and from 1.71 to 1.59 seconds (p<0.001) for the non-dominant UE. Significant 

moderate correlation was found between TIS and FMA-UE (r = 0.53) in participants with 

stroke.  

Limitations 

The limitations include a non-blinded assessor and a standardized height of the external trunk 

support. 

Conclusions 

External trunk support improved trunk control in people with chronic stroke; and had a 

statistically significant effect on UE function in both people with chronic stroke and healthy 

controls.  The findings suggest an association between trunk control and UE when an external 

trunk support was provided. This supports the hypothesis that the provision of lower trunk 

and lumbar stabilization from an external support enables an improved ability to use the UE 

for functional activities. 
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INTRODUCTION 

Stroke affects control of the trunk muscles and therefore ability to remain upright, adjust to 

weight shifts and perform selective trunk movements to maintain stability during static and 

dynamic postural adjustments 1,2. The trunk is thought to play an integral role in postural 

stabilization supporting controlled movement of the extremities during task performance 2,3. 

The development of trunk stability and control is considered to be a prerequisite to upper 

extremity (UE) function and use of the hand 4. It is hypothesized that proximal stability 

allows for independent use of the arms and hands in manipulative and purposeful activity 4. 

However, this common assumption in neurorehabilitation has not been validated in clinical 

trials.  

 

There is strong evidence that trunk control is an important predictor of overall functional 

outcome following stroke 5-9. The reported variance of functional recovery after stroke 

explained by trunk control ranges from 45% 5,8 to 71% 10. These studies 5-10 clearly illustrate 

that trunk control impacts on many facets of the recovery in people with stroke, such as 

activities of daily living (ADL), balance and gait. However, there is no research currently 

which builds upon these findings to investigate the impact of trunk control on recovery of 

UE function in people with stroke specifically, even though the UE plays a vital role in the 

performance of ADL 11,12. 

 

Several studies on the use of trunk restraint in people with chronic stroke 13-20 have 

demonstrated that stabilizing the trunk to restrict compensatory trunk movements leads to 

improved shoulder and elbow movement resulting in improvements in reach-to-grasp. Our 
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recent systematic review and meta-analysis revealed that trunk restraint has a moderate 

effect on the reduction of UE impairment, increased shoulder flexion and reduction in 

excessive anterior trunk movement during reaching in people with chronic stroke 21. Taken 

together, the findings suggest a possible relationship between trunk and UE function. 

However, in previous studies 13,14,17,18, the trunk has been restrained with a chest harness, 

thus eliminating the need for trunk control. 

 

Our aim was therefore to investigate the effect of an external trunk support on trunk control 

and UE function, and examine the relationship between trunk control and UE function in 

people with chronic stroke and healthy controls. The trunk support that we used, unlike the 

trunk restraints used in other studies 13,14,17,18, provided stability to the trunk without 

restricting normal movement. We hypothesized that a more stable trunk enables improved 

dissociation of the UE from the trunk for function. Our findings could advance 

understanding of how trunk control impacts on UE function in people with stroke and 

subsequently inform the design of targeted rehabilitation programs for the trunk and UE to 

optimize functional outcomes post stroke.

 

 

   

2 



 

METHODS 

Sample size calculation 

Sample size was determined by a power calculation based on the between-group (stroke 

versus healthy) difference for the Wolf Motor Function Test (WMFT) performance time, the 

primary UE function outcome measure. The mean WMFT has been recorded for healthy 

individuals (1.20 seconds with a standard deviation (SD) of 0.20 seconds 22) and for people 

with chronic stroke (7.05 seconds with SD 6.85 seconds 23). To detect a difference of 5.85 

seconds in the WMFT performance time between groups, 25 participants per group were 

required to achieve an 85% power in a 2-sided test at 5% significance level.  

Participants 

For this cross-sectional study, participants were recruited between November 2013 and 

March 2014 via paper and electronic advertisements and talks at seven local stroke clubs. 

Participants were matched for age and sex. Inclusion criteria for participants with chronic 

stroke were: i) aged 18 years or over; ii) more than 6 months post stroke; iii) able to 

understand the purpose of the study and follow simple instructions; and iv) able to sit 

unsupported for ten seconds. Exclusion criteria were i) people with brainstem or cerebellar 

stroke and ii) presence of neurological or orthopedic pathology or acute low back pain. 

Inclusion criteria for healthy controls were: i) aged 18 years or over; and ii) able to 

understand the purpose of the study and follow simple instructions; and the exclusion 

criteria were: history of neurological injury or disease, orthopedic spinal pathology, and 

orthopaedic UE pathology. The Institutional Review Board of the University of 

Southampton, United Kingdom, approved the study (Ethics number 7547), and all 

participants provided written informed consent. 
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Outcome measures 

The Trunk Impairment Scale (TIS) was used to evaluate trunk control in the participants1. 

The TIS consists of three subscales that assess static sitting balance, dynamic sitting 

balance, and trunk coordination on a scale ranging from 0 to 23 points. A higher score 

indicates better trunk control.  

 

Post stroke UE motor impairment was measured with the UE subsection of the Fugl-Meyer 

Assessment (FMA-UE) 24. Each of the 33 items of FMA-UE was rated on a 3-point scale. 

The maximum score is 66 points. The UE motor function was measured with the 

Streamlined Wolf Motor Function Test (SWMFT) 25. The six SWMFT tasks appropriate for 

people with chronic stroke were lifting hand from the table to a box, lifting a can to mouth, 

lifting a pencil with 3-jaw chuck grasp, folding towel, turning key in lock, and extending 

elbow against a one-pound weight 26. The performance time (SWMFT-Time) of the tasks 

was measured with a stopwatch and a 6-point Functional Ability Scale (SWMFT-FAS) was 

used to rate the quality of movement during performance of the tasks 26. The TIS, FMA-UE 

and SWMFT have all demonstrated good psychometric properties and good clinical utility 

that are appropriate for people with subacute and chronic stroke 27. 

 

Procedures 

All assessments were conducted in the research laboratory of the University of 

Southampton. The participants sat unsupported on a height-adjustable plinth with their 

thighs fully supported on the plinth, knees at 90 degrees and feet flat on the ground as the 

starting position. Assessment of UE impairment (FMA-UE) was only conducted for the 

participants with stroke. Trunk control was then assessed using the TIS; once with no 

external trunk support, and once with a ‘size adjustable’ high-density foam support around 
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the trunk (Figure 1). By using the appropriate size trunk support to fit snugly at the posterior 

and lateral aspects of the trunk (up to the level between 10th and 12th thoracic vertebrae), 

the trunk was supported whilst allowing free forward movement and minimal movement 

posteriorly and laterally.  

Following the trunk assessment, the UE function (SWMFT) of participants was assessed 

with and without trunk support. Participants with stroke performed the tasks with the 

unaffected UE, followed by the affected UE. The order of testing with and without the trunk 

support was randomized using blocked randomization 28, with a block size of four, to avoid 

possible order bias due to practice or fatigue, while ensuring equal numbers in each order-

protocol. Healthy controls performed the tasks of SWMFT with the dominant, followed by 

the non-dominant UE. Hand dominance was determined by the Edinburgh Handedness 

Inventory–Short Form 29.  

 

Statistical analysis   

Data analysis was performed using the IBM SPSS Statistics 20 software. The level of 

statistical significance was set at p < 0.05 for all tests. The Shapiro-Wilk test was used to 

confirm normal data distribution.  

 

In view of the comparison between two groups (chronic stroke and healthy groups) under 

two support conditions (with and without trunk support), the split plot analysis of variance 

(SPANOVA) was used to analyse the results of the TIS and SWMFT-Time as they are 

interval variables. The affected UE of participants with stroke was compared with the non-

dominant UE of the healthy controls. This allowed participants with hemiparesis in the non-

dominant arm to be at less of a comparative disadvantage 30. The main effect of group, the 

main effect of support, and the interaction effect between group and support conditions were 
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analysed. The SWMFT-FAS (ordinal scale) under the two support conditions was analyzed 

using the Wilcoxon signed rank test.  

 

The SPANOVA was used to compare the difference in SWMFT-Time based on sex, hand 

dominance, the order of testing of trunk support, type of stroke and the side of affected UE 

for the participants with stroke, and healthy controls.  

 

Association between TIS and SWMFT-Time, under the condition of no trunk support, was 

determined by the Pearson correlation coefficient as the data were normally distributed. 

Spearman’s rho (ρ) was used to determine the relationship between TIS and SWMFT-FAS 

as SWMFT-FAS is an ordinal scale. Based on normal distribution of FMA-UE data, the 

Pearson correlation coefficient was used to determine the relationship between TIS and 

FMA-UE. 

 

RESULTS 

Participants 

Twenty-five participants with chronic stroke (age 65.3 ± 12.0 years) and 34 age and sex-

matched healthy controls (age 60.4 ± 12.4 years) were recruited (Table 1). There was no 

significant difference in the age between the participants with stroke and healthy controls. 

All the participants could participate in the SWMFT tasks. 

 
 
Clinical outcomes 

Participants with stroke demonstrated a significant improvement in the TIS score, from 18 

points to 20 points (p < 0.001); SWMFT-FAS, from median 3.3 points to 3.4 points (p < 
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0.01); and significant reduction in the SWMFT-Time, from 37.20 seconds to 35.37 seconds 

(p < 0.05) for the affected UE with trunk support as compared to no support (Table 2).  

 

With trunk support, SWMFT-Time of the healthy controls was reduced significantly from 

1.61 to 1.48 seconds (p < 0.001) for the dominant UE; and from 1.71 to 1.59 seconds (p < 

0.001) for the non-dominant UE (Table 2). 

 
Comparison of clinical outcomes between participants with chronic stroke and healthy 

controls  

Results from the SPANOVA showed a statistically significant difference (F(1,57) = 44.39, p < 

0.001) in the TIS scores between the participants with stroke and healthy controls, 

regardless of the support conditions (Table 3). The partial Eta-squared ( ), a measure of 

effect size, was found to be 0.44 (large effect size). By convention,  of 0.01, 0.06, and 

0.14 is considered small, moderate, and large effect size respectively 31,32. Participants with 

stroke had significantly lower TIS scores (mean 18.00 points) compared to healthy controls 

(mean 22.62 points). The difference in the TIS score with and without trunk support 

regardless of the groups, was significant (F(1,57) = 33.06, p < 0.001) with a large effect size (

= 0.37) (Table 3). Further analysis revealed a large significant interaction effect between 

the group and support conditions (F(1,57) =20.60, p < 0.001, = 0.27).  

 

Results from the SPANOVA showed significant difference (F(1,57) = 17.63, p < 0.001) in the 

SWMFT-Time between the participants with stroke and healthy controls, regardless of the 

support conditions (Table 3). The effect size was large ( = 0.24). The difference in the 

SWMFT-Time between the two support conditions, regardless of the groups, was significant 

(F(1,57) = 5.59, p < 0.05) with moderate effect size of 0.09. There was a moderate significant 
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interaction effect between the group and support conditions (F(1,57) = 4.37, p < 0.05; = 

0.07). While the SWMFT-Time was significantly reduced with the trunk support in both 

groups, the reduction was significantly more in the participants with stroke (from 37.20 to 

35.37 seconds) as compared to the healthy controls (from 1.71 to 1.59 seconds) (Figure 2). 

 

There was no significant difference in the SWMFT-Time for both the participants with 

stroke and healthy controls based on sex (F(1,57) = 0.08, p = 0.78), hand dominance (F(1,57) = 

0.52, p = 0.48), and the order of testing of trunk support (F(1,57) = 2.32, p = 0.14). For the 

participants with stroke, there was no significant difference in the SWMFT-Time based on 

the type of stroke (F(1,23) = 0.95, p = 0.34), and side of affected UE (F(1,23) = 0.07, p = 0.80). 

 

Association between TIS and the clinical variables 

There were no significant correlations between TIS and SWMFT-Time (Pearson correlation 

coefficient r = -0.31, p > 0.05), and between TIS and SWMFT-FAS (Spearman’s ρ = 0.38, p 

> 0.05) in the participants with stroke without trunk support. Significant moderate 

correlation was found between TIS and FMA-UE (r = 0.53, p < 0.01) in the participants 

with stroke without trunk support.  

 

No association was found between TIS and SWMFT-Time in the healthy controls without 

trunk support (r = -0.08, p > 0.05). The correlation coefficient between TIS and SWMFT-

FAS for the healthy controls was not calculated as all achieved the maximum score of 5 on 

SWMFT-FAS. 
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DISCUSSION 

This study investigated the effect of providing an external trunk support on trunk control 

and UE function and also examined the relationship between trunk control and UE function 

in people with chronic stroke and healthy controls using clinical scales.  

With trunk support, there were significant improvements in trunk control (TIS) in the 

participants with stroke; significant improvements in the performance of UE tasks 

(SWMFT-Time) and UE function (SWMFT-FAS) in both participants with stroke and 

healthy controls. The significant reduction in SWMFT-Time of 1.83 seconds with trunk 

support in participants with chronic stroke is considered a clinically important difference. 

The minimal clinical important difference (MCID) for the Wolf Motor Function Test time 

was reported to be between 1.5 seconds to 2 seconds for people with chronic stroke 23. 

However, it is important to recognize that the SWMFT does not distinguish between tasks 

accomplished by UE movements versus those accomplished by UE movements assisted by 

trunk movement as no kinematic analysis was conducted in this study. We planned to 

conduct kinematic analysis of the trunk and UE during performance of the SWMFT tasks to 

understand the underlying mechanisms behind the change in outcome measures in a future 

study. Significant interaction effect between the group and support conditions was 

demonstrated for TIS and SWMFT-Time. The findings demonstrated that a higher TIS score 

was associated with better UE function and supports the common assumption that a stable 

trunk enables the dissociation of the UE from the trunk for function.  

In this study, we have not investigated the mechanisms associated with the improved UE 

function. However, we propose possible explanations for the significant reduction in the 

SWMFT-Time and improvement in SWMFT-FAS when the trunk was supported. With the 

trunk stabilized, it enables improved movement of the proximal and distal segments of the 

UE to occur against a background of stabilized core muscles of the body. This is supported 
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by a study that demonstrated significant improvement in functional reach ability of the UE 

in people with stroke after an intervention consisting of trunk stability exercise 33. This 

suggests that trunk stability has an effect on the stability of the shoulders, and that in turn 

improves the movement of the elbow, wrist and fingers 34. A stable trunk provides a solid 

foundation for the torque generated by the extremities 35. Performing reaching movement on 

a stable surface is different from the challenges faced when attempting to reach out for 

objects while balancing on an unstable surface. Studies have demonstrated that unstable 

conditions can lead to decreased force output and muscle activation of the extremities 36,37. 

Previous trunk restraint studies 13-21 have demonstrated that restriction of compensatory 

trunk movements by a physical restraint can lead to improved shoulder and elbow 

movement resulting in improvements in reach-to-grasp. Our study demonstrated an 

improvement in UE function (SWMFT-Time and SWMFT-FAS) with an external trunk 

support that was non-constraining. Taken together, stablizing or physically restricting the 

trunk improves UE function. This may be explained by considering the concept of “degrees 

of freedom” (DOF).  

There are a minimum of 26 DOF for UE movement 38 and 3 DOF in each of the upper and 

lower trunk 39. In other words, the motor system has to deal with at least 32 DOF of an 

individual during reaching task in an unsupported seated condition. Our external trunk 

support aids in the stabilization of the trunk, limiting trunk excursion and/or reducing the 

number of DOF especially in the lower trunk. This can lead to a decrease in overall demand 

on the motor system to reorganize the DOF of the UE into a coordinated pattern of reaching 

movement and thus may lead to improvements in SWMFT-Time and SWMFT-FAS. This is 

congruent with the findings of a recent systematic review that manipulation of the 

mechanical DOF of the trunk via trunk restraint during reaching enhances recovery of UE 

function after stroke 40. 
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Another possible explanation for the improvement in SWMFT-Time and SWMFT-FAS 

could be due to the design (“C-shaped”) of the trunk support and its height (up to 

approximately T10-T12 vertebral level). The external support may have assisted the pelvis 

to tilt more anteriorly, thus facilitating the lower lumbar into a more extended position. This 

alteration may lead to postural improvement for UE task performance. This postulation is 

supported by studies that demonstrated trunk posture and alignment affect UE performance 

3,41. A neutral trunk posture and alignment significantly improved UE performance as 

compared to a flexed 3,41 and laterally flexed trunk postures 3. Taken together, the findings 

of our study and previous studies 3,41 support the hypothesis that a stable trunk with good 

postural alignment enables the dissociation of the UE from the trunk for function. 

No association was found between TIS and SWMFT-Time, and between TIS and SWMFT-

FAS in the participants with stroke, which may be due to the relatively small sample size. 

However, observation of improvement in UE function with trunk support demonstrates a 

link between trunk control and UE. This is supported by a significant moderate correlation 

between trunk control and UE impairment (FMA-UE). 

Based on our results, it could be suggested that incorporating external trunk support may 

offer opportunity for better movement re-education and facilitate better retraining of the 

upper extremity. However, this concept needs further exploration and appropriately 

designed intervention studies to examine the effect of providing external trunk support on 

UE function during rehabilitation following stroke. 

 

The results of our study must be considered in the light of methodological limitations. All 

the assessments of the TIS, FMA-UE and SWMFT were administered by the principal 

investigator. This may present an element of observer bias in the study. Another potential 

limitation in this study was the standardized height of the trunk support; the superior part of 
  11 



 

the trunk support was at different contact points on the posterior and lateral aspects of the 

trunk for the participants. However, the height of the trunk support was designed so that no 

participants experienced restrictions as they performed lateral flexion of the trunk during the 

TIS assessment. To address this limitation however, future trunk supports could be created 

with different height dimensions. We acknowledged that the use of external trunk support 

would invalidate the administration of TIS. The reason for inclusion of trunk support in the 

experimental procedure was to simulate the situation of having someone with a “better” TIS 

score, i.e. with a better trunk control within the same session, and then investigated that 

effect on upper extremity function. 

Another limitation that might confound the observed improvements in the outcome 

measures is the Hawthorne effect. To minimize any presence of Hawthorne effect and 

performance bias, the participants were not informed of the hypothesis of the study. It would 

be very difficult to eliminate the Hawthorne effect completely as providing a sham 

condition would be difficult in this study, but important for consideration in future studies. 

 

As this was a cross-sectional study, a causal relationship cannot be drawn from the results 

unless future randomized controlled trials are conducted to verify the association reported in 

this study 42. In this study, we did not measure trunk control from a kinematic perspective, 

but only from a clinical scale, based on the Trunk Impairment Scale. A future study that we 

planned to conduct include capturing the kinematic data to shed light on the mechanisms 

associated with the improved UE function with the external trunk support.   

 

The observed improvement in trunk control and UE function with the trunk support was an 

immediate effect; carry-over was not assessed as this was not the aim of the study. It 

remains unknown whether a period of UE training with the external trunk support for people 
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with stroke will yield sustainable gains in the improvements observed in the trunk control or 

UE function. A randomized controlled trial may be conducted to investigate the 

effectiveness of trunk support in improving UE function in the future. 

 

Future research may consider investigating the effect of trunk support on trunk control and 

UE in patients with trunk ataxia due to neurological disorders such as cerebellar stroke or 

brainstem stroke. Gaining a deeper understanding of the underlying mechanisms of trunk 

stability and trunk control may provide insights into a new therapeutic approach for the 

management of trunk ataxia and UE in neurorehabilitation. 

 

 

CONCLUSION 

An external trunk support improved trunk control of people with chronic stroke; and had a 

statistically significant effect on UE function in both people with chronic stroke and healthy 

controls. The findings suggest an association between trunk control and UE when an 

external trunk support was provided. This supports the hypothesis that the provision of 

lower trunk and lumbar stabilization from an external support enables an improved ability to 

use the UE for functional activities. 

  13 



 

ACKNOWLEDEGMENTS 

Mr Wee, Dr Hughes, Dr Warner, Dr Cranny, Dr Mazomenos, and Dr Burridge provided 

concept/idea/research design. Mr Wee, Dr Hughes, Dr Warner, and Dr Burridge provided 

writing. Mr Wee, Dr Warner, Mr Brown, Dr Cranny, and Dr Mazomenos provided data 

collection. Mr Wee and Dr Warner provided data analysis. Mr Wee and Dr Hughes provided 

project management. Mr Wee and Dr Burridge provided fund procurement. Mr Wee and Dr 

Hughes provided study participants. Mr Brown, Dr Warner, Dr Cranny and Dr Mazomenos 

provided facilities/equipment. Mr Wee, Dr Hughes, Dr Warner, and Dr Burridge provided 

consultation. 

 

This work was partly supported by the European Union under the Seventh Framework 

Programme, grant agreement #288692, StrokeBack. The funds were used to cover the 

transportation cost for the participants. 

Mr Wee would like to acknowledge Tan Tock Seng Hospital, Singapore, for funding his PhD 

study at the University of Southampton, United Kingdom. 

DOI: 10.2522/ptj.20140487 

 
 

  14 



 

References 

1. Verheyden G, Nieuwboer A, Mertin J, Preger R, Kiekens C, De Weerdt W. 

The Trunk Impairment Scale: a new tool to measure motor impairment of the 

trunk after stroke. Clin Rehabil. 2004;18:326-334. 

2. Davies PM. Steps to follow : the comprehensive treatment of patients with 

hemiplegia (2nd ed.). Berlin: Springer; 2000. 

3. Gillen G, Boiangiu C, Neuman M, Reinstein R, Schaap Y. Trunk posture 

affects upper extremity function of adults. Percept Mot Skills. 2007;104:371-

380. 

4. Rosenblum S, Josman N. The relationship between postural control and fine 

manual dexterity. Phys Occup Ther Pediatr. 2003;23:47-60. 

5. Hsieh C, Sheu C, Hsueh I, Wang C. Trunk control as an early predictor of 

comprehensive activities of daily living function in stroke patients. Stroke. 

2002;33:2626-2630. 

6. Duarte E, Marco E, Muniesa JM, et al. Trunk control test as a functional 

predictor in stroke patients. J Rehabil Med. 2002;34:267-272. 

7. Verheyden G, Nieuwboer A, De Wit L, et al. Trunk performance after stroke: 

an eye catching predictor of functional outcome. J Neurol Neurosurg 

Psychiatry. 2007;78:694-698. 

8. Di Monaco M, Trucco M, Di Monaco R, Tappero R, Cavanna A. The 

relationship between initial trunk control or postural balance and inpatient 

rehabilitation outcome after stroke: a prospective comparative study. Clin 

Rehabil. 2010;24:543-554. 

 

  15 



 

9. Sebastia E, Duarte E, Boza R, et al. Cross-validation of a model for predicting 

functional status and length of stay in patients with stroke. J Rehabil Med. 

2006;38:204-206. 

10. Franchignoni FP, Tesio L, Ricupero C, Martino MT. Trunk control test as an 

early predictor of stroke rehabilitation outcome. Stroke. 1997;28:1382-1385. 

11. Clarke P. Well-being after stroke in Canadian seniors: Findings from the 

Canadian Study of Health and Aging. Stroke. 2002;33:1016-1021. 

12. Desrosiers J, Malouin F, Richards C, Bourbonnais D, Rochette A, Bravo G. 

Comparison of changes in upper and lower extremity impairments and 

disabilities after stroke. Int J Rehabil Res. 2003;26:109-116. 

13. Michaelsen SM, Dannenbaum R, Levin MF. Task-specific training with trunk 

restraint on arm recovery in stroke: randomized control trial. Stroke. 

2006;37:186-192. 

14. Michaelsen SM, Levin MF. Short-term effects of practice with trunk restraint 

on reaching movements in patients with chronic stroke: a controlled trial. 

Stroke. 2004;35:1914-1919. 

15. Thielman G. Rehabilitation of reaching poststroke: a randomized pilot 

investigation of tactile versus auditory feedback for trunk control. J Neurol 

Phys Ther. 2010;34:138-144. 

16. Woodbury ML, Howland DR, McGuirk TE, et al. Effects of trunk restraint 

combined with intensive task practice on poststroke upper extremity reach and 

function: a pilot study. Neurorehabil Neural Repair. 2009;23:78-91. 

17. Wu CY, Chen YA, Lin KC, Chao CP, Chen YT. Constraint-Induced Therapy 

with trunk restraint for improving functional outcomes and trunk-arm control 

after stroke: a randomized controlled trial. Phys Ther. 2012;92:483-492. 

  16 



 

18. Wu CY, Chen YA, Chen HC, Lin KC, Yeh IL. Pilot trial of distributed 

constraint-induced therapy with trunk restraint to improve poststroke reach to 

grasp and trunk kinematics. Neurorehabil Neural Repair. 2012;26:247-255. 

19. de Oliveira R, Cacho EW, Borges G. Improvements in the upper limb of 

hemiparetic patients after reaching movements training. Int J Rehabil Res. 

2007;30:67-70. 

20. Michaelsen SM, Luta A, Roby-Brami A, Levin MF. Effect of trunk restraint 

on the recovery of reaching movements in hemiparetic patients. Stroke. 

2001;32:1875-1883. 

21. Wee SK, Hughes AM, Warner M, Burridge JH. Trunk restraint to promote 

upper extremity recovery in stroke patients: A systematic review and meta-

analysis. Neurorehabil Neural Repair. 2014;28:660-677. 

22. Wolf SL, McJunkin JP, Swanson ML, Weiss PS. Pilot normative database for 

the Wolf Motor Function Test. Arch Phys Med Rehabil. 2006;87:443-445. 

23. Lin KC, Hsieh YW, Wu CY, Chen CL, Jang Y, Liu JS. Minimal detectable 

change and clinically important difference of the Wolf Motor Function Test in 

stroke patients. Neurorehabil Neural Repair. 2009;23:429-434. 

24. Page SJ, Fulk GD, Boyne P. Clinically important differences for the Upper-

Extremity Fugl-Meyer Scale in people with minimal to moderate impairment 

due to chronic stroke. Phys Ther. 2012;92:791-798. 

25. Bogard K, Wolf S, Zhang Q, Thompson P, Morris D, Nichols-Larsen D. Can 

the Wolf Motor Function Test be streamlined? Neurorehabil Neural Repair. 

2009;23:422-428. 

  17 



 

26. Chen HF, Wu CY, Lin KC, Chen HC, Chen CP, Chen CK. Rasch validation 

of the streamlined Wolf Motor Function Test in people with chronic stroke 

and subacute stroke. Phys Ther. 2012;92:1017-1026. 

27. Sullivan JE, Crowner BE, Kluding PM, et al. Outcome measures for 

individuals with stroke: Recommendations from the American Physical 

Therapy Association Neurology Section Task Force. Phys Ther. 

2013;93:1383-1396. 

28. Efird J. Blocked randomization with randomly selected block sizes. Int J 

Environ Res Public Health. 2011;8:15-20. 

29. Veale JF. Edinburgh Handedness Inventory - Short Form: A revised version 

based on confirmatory factor analysis. Laterality. 2014;19:164-177. 

30. Alt Murphy M, Willen C, Sunnerhagen KS. Kinematic variables quantifying 

upper-extremity performance after stroke during reaching and drinking from a 

glass. Neurorehabil Neural Repair. 2011;25:71-80. 

31. Cohen J. Statistical power analysis for the behavioral sciences (2nd ed.). New 

Jersey: Lawrence Erlbaum; 1988. 

32. Richardson JTE. Eta squared and partial eta squared as measures of effect size 

in educational research. Educ Res Rev. 2011;6:135-147. 

33. Kim YH, Kim EJ, Gong WT. The effects of trunk stability exercise using PNF 

on the Functional Reach Test and muscle activities of stroke patients. J Phys 

Ther Sci. 2011;23:699-702. 

34. Miyake Y, Kobayashi R, Kelepecz D, Nakajima M. Core exercises elevate 

trunk stability to facilitate skilled motor behavior of the upper extremities. J 

Bodyw Mov Ther. 2013;17:259-265. 

 

  18 



 

35. Behm DG, Drinkwater EJ, Willardson JM and Cowley PM. The use of 

instability to train the core musculature. Appl Physiol Nutr Metab 2010;35: 

91-108. 

36. Behm DG, Anderson K and Curnew RS. Muscle force and activation under 

stable and unstable conditions. J Strength Cond Res 2002;16: 416-422. 

37. Anderson KG and Behm DG. Maintenance of EMG activity and loss of force 

output with instability. J Strength Cond Res 2004;18: 637-640. 

38. Edwards WH. Motor Learning and Control: From Theory to Practice. 

Belmont, CA, United States: Wadsworth, Cengage Learning; 2010. 

39. Zatsiorsky VM. Kinematics of human motion. Champaign, IL: Human 

Kinetics.; 1998. 

40. Hayward KS, Barker RN, Carson RG, Brauer SG. The effect of altering a 

single component of a rehabilitation programme on the functional recovery of 

stroke patients: a systematic review and meta-analysis. Clin Rehabil. 

2014;28:107-117. 

41. Gandavadi A, Ramsay J. Effect of two seating positions on upper limb 

function in normal subjects. Int J Ther Rehabil. 2005;12:485-490. 

42. Mann CJ. Observational research methods. Research design II - cohort, cross 

sectional, and case-control studies. Emerg Med J. 2003;20:54-60. 

 

  19 



 

 

Figure 1 Trunk support 
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Figure 2  Moderate significant interaction effect between group and support 
conditions (p < 0.05; = 0.07) 
 

 partial Eta-squared  
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Table 1 Characteristics of participants  
 
(mean ± standard deviation, and range) 

 

Characteristics  Healthy 
(N=34) 

Stroke 
(N=25) 

  Age (years) 60.4 ± 12.4 
38 – 82 

65.3 ± 12.0 
38 – 84  

 
  Sex  – Male 
             Female 

18 
16 

15 
10 

 
  Time since stroke (months) N/A 100.4 ± 107.1 

12 – 432  
 

  Type of stroke – Ischemic 
                             Hemorrhagic 

N/A 18 
7 
 

  Hand dominance – Right  
                                 Left  

30 
4 

23 
2 
 

  Affected upper extremity – Right 
                                              Left 

N/A 9 
16 

 
  Fugl-Meyer Upper Extremity  
  (FMA) score  
 
  Number of participants with FMA 
  ≤ 20   (Severe impairment) 
  21-50 (Moderate impairment) 
  51-66 (Mild impairment) 

N/A 41.4 ± 15.3 
14 – 64  

 
 

4 
12 
9 

 
  Trunk Impairment Scale (TIS)       
  score 

22.6 ± 1.0 
19 – 23 

18.0 ± 3.8 
10 – 23 
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Table 2 Clinical outcomes of healthy controls and participants with stroke   
 

 
 
 

Outcome  
measure 

 

 
Healthy controls  

(n=34) 

 
Participants with stroke  

(n=25) 
 

 
Without 

trunk 
support 

 
With 
trunk 

support 

 
Without 

trunk 
support 

 
With 
trunk 

support 
 

TIS  
(max score 23) 

 
22.62 ± 1.02 

 
22.85 ± 0.70 

 
18.00 ±3.76** 

 
20.00 ±2.80** 

95% CI [-0.10, 0.48] 95% CI [1.12, 2.88] 

 
 

SWMFT-Time 
Dominant UE for healthy /  

Affected UE for stroke 
(seconds) 

 

 
 
1.61 ± 0.38** 

 
 
1.48 ± 0.35** 

 
 

37.20 ± 49.22# 

 
 

35.37 ± 47.37# 
 

95% CI [0.08, 0.18] 
 

95% CI [0.15, 3.80] 

SWMFT-Time 
Non-dominant UE for 

healthy /  
Unaffected UE for stroke 

 (seconds) 
 

1.71 ± 0.34** 
 

1.59 ± 0.30** 8.12 ± 9.18 7.31 ± 8.82 

 95% CI [0.04, 0.19] 95% CI [-0.59, 2.22] 

SWMFT-FAS 
Dominant UE for healthy /  

Affected UE for stroke 
 (max score 5) 

 

5 5 Median 3.3* 
(Q1-Q3:   
1.8-4.3) 

 
 

Median 3.4* 
(Q1-Q3: 
1.9-4.4) 

 
 

SWMFT-FAS 
Non-dominant UE for 

healthy /  
unaffected UE for stroke 

 (max score 5) 

5 5 5 
 
 

5 
 

TIS – Trunk Impairment Scale;  SWMFT – Streamlined Wolf Motor Function Test; FAS – Functional Ability Scale; 
UE – Upper extremity 
mean ± standard deviation 
Q1: first quartile  
Q3: third quartile 
CI –Confidence Interval  
[note: the figures presented refer to the CI of difference in the two (without trunk support versus with trunk support) means.] 
 
**p<0.001; *p<0.01; #p<0.05 
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Table 3 SPANOVA results of TIS and SWMFT-Time for healthy controls and 
participants with stroke 
 

Clinical 
outcome 

 
Group 

 
Without 
support 

mean ± SD 

 
With      

support 
mean ± SD 

 
Effect  

 

 
F  

value 

 
p  

 

value 

 
Partial  

Eta-
squared  

 

 
TIS 

 

 
 Stroke 
Healthy 

 

 
18.00 ± 3.76 
22.62 ± 1.02 

 
20.00 ± 2.80 
22.85 ± 0.70 

Group 44.39 0.001 0.44 
Support 33.06 0.001 0.37 

Support x Group  20.60 0.001 0.27 

 
SWMFT-

Time 
 

  
 Stroke 
Healthy 

 
37.20 ± 49.22 

1.71 ± 0.34 

 
35.37 ± 47.37 
1.59 ± 0.30 

Group 17.63 0.001 0.24 
Support 5.59 0.05 0.09 

Support x Group  4.37 0.05 0.07 

Support x Group: interaction effect 
SD: standard deviation 
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