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Abstract 

Background: Stroke is a major global health problem causing significant morbidity and 

mortality. The functional ability of stroke patients is largely influenced by the trunk function 

evaluated by trunk balance. Trunk assessment is crucial in predicting the clinical outcomes of 

stroke patients as well as in designing effective rehabilitation programs. Studies in this area are 

scarce.  

Aim of the Study: To evaluate the trunk balance using the Berg balance scale (BBS) and trunk 

impairment scale (TIS) in stroke patients and to analyze the relationship if any between age, 

gender, duration, and type of stroke with trunk balance score in post-stroke survivors.  

Study design: Observational study – analytical design.  

Study setting: Carried out in the out-patients department of Santhosh College of Physiotherapy 

– Madurai, Tamil Nadu- India. 

Methods: Thirty-five stroke patients participated. The trunk balance was evaluated by BBS 

and TIS. The trunk balance performance was analyzed statistically. The relationship of trunk 

balance with the basic characteristics of the stroke patients such as age, gender, type of stroke, 

and duration of stroke was also investigated by suitable statistical tools. 

Results: The mean TIS was 15.40 ± 1.12 suggesting 67% of trunk balance performance in 

stroke patients. The mean BBS was 42.94 ± 1.39 with the corresponding trunk balance 

performance of 77%. There was no significant (P > 0.05) relationship between trunk balance 

with age, gender, duration & and type of stroke. 

Conclusion: Stroke patients had considerable trunk balance deficits. The trunk balance in 

stroke patients is not influenced by age, gender, duration, or type of stroke. 
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Introduction 

Stroke is a major global health problem responsible for significant morbidity and mortality, 

particularly in low-middle-income countries (LMICs).1 Stroke is defined as a clinical 

syndrome marked by sudden features of focal or global disturbance of cerebral functions, 

lasting more than 24 hours and leading to death with no apparent cause other than vascular 

origin.2 It is India’s fourth leading cause of death and the fifth leading cause of disability.3 The 

global burden of disease, injuries, and risk factors study (GBD) 2017 demonstrated that stroke 

was the second leading cause of death globally in 2017. It is further stated that stroke stands 

3rd in the combined cause of death and disability as measured by disability–adjusted life years 

(DALYs) globally in 2017.4 The recent analysis of cross-sectional studies has estimated that 

the incidence of stroke in India is between 105 and 152/100,000 people per year.5 

Stroke causes contralateral (opposite side) limb muscle weakness contributing to poor motor 

recovery. Quite the contrary, trunk musculature is involved bilaterally and adversely 

contributes to balance and functional ability in stroke survivors. Recruitment of trunk muscle 

activity begins earlier than limb movements during various tasks and continues to do so even 

after the limb movement’s stop. Hence trunk activities are very crucial in dynamic balance and 

functional tasks. In stroke patients, as bilateral trunk musculature is affected, the proximal 

spinal stabilization for limb movements is lost and patients continued to perform the activities 

in the spastic synergy patterns. This loss of fixation is the factor for distal spasticity in stroke 

patients. 

Trunk muscle strength is shown to be affected multidirectional in hemiplegic patients. There is 

a weakness of trunk flexors and extensors as well as trunk rotators and lateral flexors measured 

by hand-held dynamometer.6 EMG studies have demonstrated the anticipatory postural 

adjustment in axial–lateral and posterior-anterior trunk muscles during upper and lower limb 

activities in stroke patients suggesting that there is a major impairment of activities of trunk 

muscles for them.7 Detailed investigations has revealed that there is a reduction in the activity 

of the lateral trunk muscles associated with delayed onset and a reduction in the synchronized 

activation of pertinent muscle pairs. The reduction in EMG activity is also noted in the 

latissimus dorsi and external oblique muscles of the affected side.7 The interesting finding is 

that motor and functional deficits are largely influenced by this defect.8 

It is demonstrated that weakness of trunk muscles in stroke patients has a major influence on 

the balance difficulty in these patients.9 It is found that lateral sitting balance is worst affected 

in stroke patients compared to anteroposterior direction.10 This is because the leg muscle 

supports trunk stabilization in an anteroposterior direction whereas trunk muscle strength is 

solely responsible for providing lateral sitting balance.10 Poor balance is the reason for falls in 

stroke survivors and is a predicament for reduced functional performance in these patients.11 

Recent studies have shown that walking and balance in stroke patients are by and large 

dependent on the trunk function measured by the trunk impairment scale.12 It is further noted 

that trunk function is the grave functional predictor at discharge in stroke survivors.13,14 It is 

demonstrated that stroke patients with poor trunk function at admission are found to stay longer 

in the rehabilitation ward compared to a patient with good initial trunk function.14 It is further 

observed from a multi-center study that is significant positive correlation is observed between 

good sitting balance at admission and better functional ability measured at discharge. It is also 

documented that initial balance scores are important predictors of Barthel index score at 6 
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months after stroke.13,15 According to a statistical point of view, the trunk impairment scale 

(TIS) and static sitting balance subscales are found to be an important predictor than the Barthel 

index itself on admission to the rehabilitation center.13 

Even though trunk performance is crucial for the balance and functional performance of stroke 

patients, studies evaluating trunk muscle performance in stroke patients are still scarce. It is 

understood that trunk function assessment post-stroke is essential to predict the clinical 

outcome of stroke patients as well as crucial in designing an effective rehabilitation protocol. 

Hence, this is a need of hour to carry out extensive research on the investigation of trunk 

balance in stroke patients. 

The Berg balance scale (BBS) is found to be the most commonly used balance scale in stroke 

patients from acute care to community-based care. A systemic review of BBS in stroke patients 

has identified that it has a strong psychometric property with moderate to excellent reliability 

and good validity.16,17 Trunk impairment scale (TIS) is a trunk-specific evaluation measure 

in stroke patients. This scale was developed recently for the evaluation of static and dynamic 

sitting balance and trunk coordination in a sitting position. It is found to be sufficient reliability, 

validity, and internal consistency in the clinical practice of stroke patients.18,19  

The present study aimed to evaluate the trunk balance using BBS and TIS in stroke patients. 

Additionally, the relationship of age, gender, duration, and type of stroke with trunk balance 

was also investigated. 

 

Methods 

Study Patients 

Thirty-five stroke patients were selected based on the following selection criteria. 

 

Inclusion criteria 

• Age – 30 to 70 years 

• Stroke duration between 3 to 9 months. 

• Unilateral stroke patients confirmed by computerized tomography (CT) or by magnetic 

resonance imaging (MRI). 

• Both ischemic and hemorrhagic stroke types. 

• Both genders were chosen. 

• Patients who were able to sit upright were only chosen. 

• Patients who can stand independently for 30 seconds without a mobility aid. 

 

Exclusion Criteria 

• Medically unstable patients 

• The patient underwent lower limb orthopedic surgeries.  

• Patient with lower limb prosthetics or ankle foot orthosis. 

• History of other neurological conditions that influence balance. 

• History of Vertigo 

 

Study Design 

Observational study – analytical design. 
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Study Setting 

The study was conducted in the Santosh College of Physiotherapy – Madurai – Tamil Nadu, 

India. 

 

Ethical Clearance 

The ethical clearance for the study was obtained from the institutional human ethics committee 

of Santosh College of Physiotherapy – Madurai – Tamil Nadu, India. 

 

Informed Consent 

The study purpose and methods were clearly explained to each patient. The written voluntary 

consent for participation was obtained from the patient before the commencement of the study. 

It was at par with the Declaration of Helsinki.  

 

Sample – Size - Estimation 

It was estimated by the sample size equation suitable for observational study. The 

standard deviation of two outcome measures used for the current study viz. (i) Berg balance 

scale (BB) and (ii) Trunk impairment scale (TIS) was calculated from the previous studies of 

a similar kind. The confidence interval was fixed as 95% with the corresponding value of 1.96. 

The sample size formula used was  

N = 

2

int 








ervalConfidence

SD
 

Where N is the sample size required, SD – standard deviation. 

∴ The SD of BBS was found to be 11 in the previous studies and the SD of TIS was 

found to be 6. 

The highest value 11 was taken as the SD. 

N = 

2

96.1

11








 = 32. 

Hence, sample size required was 32.  

 

 

Study Procedure 

After collecting basic information such as age, gender, type of stroke, and duration of 

condition, the patient’s trunk balance was evaluated by BBS and TIS. It was evaluated by an 

experienced physiotherapist who had more than 15 years of service in neurological assessment 

and rehabilitation. The level of trunk balance in stroke patients was analyzed statistically by 

descriptive analysis. The relationship of trunk balance concerning age, gender, type of stroke, 

and its duration was analyzed by Pearson’s correlation coefficient, Mann-Whitney ‘U’ test, and 

Chi-square test. 

 

Berg Balance Scale (BBS)16,17 

The patient's balance ability was evaluated by a series of predetermined tasks. It consisted of 

14 items with each item ranging from 0 to 4 where 0 was the lowest level of function and 4 
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was the highest level of function. The materials used for evaluation include a ruler, 2 standard 

chairs one with armrests and one without armrests, a footstool or stepper, 15 feet walkway, and 

a stopwatch. 

In most of the items, patients were asked to maintain a given position for a specified time. 

Scoring was recorded by the lowest response category that well suited each item. The score 

was deducted if the time or distance requirements were not met, the patient’s performance 

warrants supervision, the patient touched external support or required assistance from the 

examiner. The patients were educated that they must maintain their balance while doing the 

tasks. The choice of which leg to stand on or how far to reach is left to the patient to decide. 

Their judgment was crucial in the performance and scoring. A score of 56 indicates functional 

balance a score of <45 indicates a greater risk of falling.  

 

Trunk Impairment Scale (TIS)18,19 

It consisted of static and dynamic sitting balance and coordination items. The minimum score 

was ‘0’ and the maximum score was ‘23’. Three attempts were provided for each item and the 

best performance score was taken. The static balance was evaluated by the ability of the patient 

to maintain a sitting position with feet supported, and legs crossed passively and actively. 

Dynamic balance was evaluated by lateral trunk flexion and unilateral lifting of the hip. 

Coordination was tested by instructing the patient to rotate the upper and lower part of the trunk 

six times initiating the movements from the shoulder girdle or the pelvic girdle. For each item 

a 2-,3-, or 4- point ordinal scale was used. 

 

Results 

The basic characters of the study patients are shown in Table – 1.  

Table – 1: Basic characters of the study patients 

Age (M, S.D.) 51.66 7.89 

Duration (M, S.D.) 7.71 1.13 

Gender (N, %) 

 Male 29 82.9 

 Female 6 17.1 

Side (N, %) 

 Right 7 20 

 Left 28 80 

       M – mean, S.D. – standard deviation, N – number, % - percentage 

The common site of stroke in the present study was posterior cerebral artery (37.1%) followed 

by cerebellar infarction (20%) as shown in Fig.1. 
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Fig. 1 Site of stroke 

 

The data regarding performance of trunk balance is shown in Table – 2.  

 

Table – 2: Trunk balance assessment – descriptive statistics 

Balance Evaluation M S.D. 
Balance Performance in 

Percentage 

Trunk Impairment scale 15.40 1.12 67 

Berg balance scale 42.94 1.39 77 

  M – mean, S.D. – standard deviation 

The level of performance of the study patients with reference to TIS was 67% whereas 

in BBS it was 77%. The relationship of balance score with age and duration of the condition is 

shown in Table – 3.  

 

Table – 3: Relationship of age and duration of the condition with level of balance 

performance  

Characters 
Trunk Impairment Berg balance scale 

r p r p 

Age -0.03 0.846 -0.31 0.070 

Duration -0.09 0.593 -0.07 0.702 

r – Pearson’s correlation coefficients, p - probability 

There was negative correlation between age and both trunk impairment scale and berg 

balance scale suggesting that as age advances balance was low and vice-versa but this 

relationship was statistically insignificant. There was no significant relationship was observed 

between duration of the condition and balance performance. The relationship of gender and 

side of involvement with the balance performance is presented in Table – 4.  
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Table – 4: Relationship of gender and side of involvement with trunk balance 

performance 

Characters 
Trunk impairment scale Berg balance scale 

M S.D. Z P M S.D. Z P 

Gender 

 Male 15.48 1.12 
0.95 0.342 

43.00 1.28 
0.56 0.577 

Female 15.00 1.09 42.67 1.97 

Side 

 Right 16.00 0.82 
1.60 0.110 

43.43 1.27 
1.01 0.312 

 Left 15.25 1.14 42.82 1.41 

M – mean, S.D. – standard deviation, Z – Mann-Whitney ‘U’ test, P - probability 

The mean balance performance for male patients in TIS was 15.48 ± 1.12 and it was 

15.00 ± 0.95 for female patients. There was no significant difference in the balance 

performance in BBS between male and female patients. It is revealed that there was no 

significant difference in the trunk balance performance with reference to side of involvement. 

 

Discussion 

The current study results showed that the level of trunk balance performance was 67% 

concerning TIS, with a mean score of 15.40 ± 1.12. The level of trunk performance was 77% 

concerning BBS, with a mean score of 42.94 ± 1.39. Kong KH et. al. have identified that mean 

trunk balance performance by TIS was 17.2 ± 5.2 in their study.20 The author had identified 

trunk balance performance after vigorous rehabilitation training for up to 2 months after the 

onset of stroke. But in the present work, TIS was evaluated randomly between 3 months to 9 

months following the onset of stroke irrespective of whether the patients had been involved in 

the rehabilitating training or not. Hence the mean TIS of the current patients was comparatively 

low. Ahmed et al., have identified a mean TIS of 11.69 ± 3.01 in their work.21 It was 

comparatively lower compared to the present work. The mean duration of the condition of their 

study was 07.2 ± 3.27 months more or less similar to the present work. The severity of the 

stroke and the site of the lesion could have played a role in causing a difference in the TIS 

between the current work and the study by Ahmed U et. al.21  

The mean BBS of stroke patients in the study conducted by Ahmed U was 35.83 ± 7.10 

and it was comparatively less than the present work.21 The current study results concerning 

BBS were correlated well with the study by Patterson KK et. al., who identified a mean BBS 

of 45.7 ± 9.3.22 It is inferred from the current study that trunk balance performance based on 

TIS was 67% for the stroke survivors. TIS evaluate static as well as dynamic sitting balance as 

well as coordination of trunk movement. Stroke survivors had still a loss of considerable 

proportions (33%) of trunk balance based on the TIS score. The performance of trunk balance 

with respect to BBS was better (77%) when compared to TIS in the present study. Previous 

studies have also found that BBS performance was better compared to TIS in stroke 

survivors.21 But in BBS, a score of 56 (maximal score) is needed for functional balance. Even 

though the patient had achieved 77% of performance in BBS, the mean score was 42.94 ± 1.39. 

A score of at least 45 is needed in BBS for prevention of fall risks, as this is not the case in the 

present finding, stroke survivors are still belonging in the category of high risk of falling.  
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The present work has shown that age, gender, duration of the stroke, and side of involvement 

are not independent predictors of trunk balance in stroke patients. Therefore, the severity of the 

stroke, the site of the lesion, and initial motor level and trunk balance could have been factors 

in the present physical performance of the stroke patients. More extensive work is warranted 

in this regard. The present study revealed that stroke survivors had short trunk balance. Good 

trunk balance is the prerequisite for ambulation and functional activity in stroke patients. The 

need of the hour is to introduce a novel method of physical therapy approach to enhance trunk 

balance in stroke survivors. A comprehensive, in-depth research is warranted in this area. 

 

Conclusion 

It is concluded that stroke patients have considerable trunk balance deficit evaluated by 

the trunk impairment scale and Berg balance scale. It is identified that the trunk balance of 

stroke patients is not influenced by age, gender, duration, and type of stroke. It is suggested to 

carry out a sound randomized controlled trial to investigate the novel physiotherapeutic 

strategies for improving trunk balance in stroke survivors. 
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