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ABSTRACT 

Background: Chronic obstructive pulmonary disease (COPD) is a disorder of the lungs in which there is 

obstruction in the airway leading to difficulty in breathing leading to difficulty in performing daily activities. To 

perform functional activities of daily living one requires Strength, Balance and coordination of movement. But 

these components of activities of daily living have not been studied enough related to COPD in India. 

Objective: To assess strength, coordination & balance in patients with moderate to severe chronic obstructive 

pulmonary disease (COPD). 

Methodology: Comparative study in which 30 participants were recruited by convenient sampling. According to 

inclusion and exclusion criteria, in group A, 15 participants with COPD, whereas in group B, 15 age sex 

matched normal healthy participants were taken. Five times sit to stand test, Berg Balance Scale and toe tap test 

were used to assess lower limb muscle strength, balance and lower limb co-ordination, respectively.  

Result: COPD participants shows significant difference in Berg Balance Scale (P 0.00), Toe Tap Test (P 0.00), 

and five times sit to stand (P 0.00), when compared to age matched normal healthy participants. 

Conclusion: Highly statistically significant differences were seen in balance, strength and co-ordination 
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1.Introduction 
 

Chronic obstructive pulmonary disease (COPD) is a disorder of the lungs in which there is 

obstruction in the airway leading to difficulty in breathing leading to difficulty in performing 

daily activities. It is one of the most important causes of morbidity & mortality worldwide and is 

expected to reach at third rank in 2020 global burden of disease. In COPD primary underlying 

pathology is pulmonary but associated systemic effects contributes significantly to the symptoms 

and mortality. COPD also leads to peripheral skeletal muscle dysfunction which leads to 

reduction in exercise capacity.
1
 

Pulmonary component of the disease is characterized by chronic airflow limitation and that 

limitation is usually not fully reversible. As the disease progresses, this airflow limitation also 

progresses. Along with the airflow limitation, COPD is also associated with an abnormal 

inflammatory response of the lung to various noxious or hazardous particles or gases.
2
 

Under the systemic effects of COPD, Skeletal muscle dysfunction is a common abnormality 

which includes muscle weakness and atrophy and is also a better predictor of mortality. Patients 

with muscle weakness and atrophy will have exercise limitation and is a major contributor for the 

reduction in quality of life and it also increases need for medical assistance. Patients will have 

problems during hurried walking, stair climbing and simple activities of daily living (ADL).
3
 

Changes in skeletal muscles includes decrease in proportion of type I fibers along with increased 

proportion of type II fibers.  Reduction in capillarity and related metabolic enzyme levels and 

atrophy of type I and II fibers are also seen in skeletal muscles. Multiple factors have been 
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identified as contributing to skeletal muscle dysfunction including hypoxia, hypercapnia, 

inflammation, nutrition deficit, deconditioning, and steroid-induced myopathy. 

Deficits in skeletal muscle mass and strength in COPD patients are well reported in the literature. 

Reduced skeletal muscle strength leads to balance impairment which is a major risk factor for 

falls which is common in COPD. Postural control is a complex skill that requires integration and 

coordination of neuro-musculo-skeletal system (i.e., strength, flexibility, range of motion, motor 

sensory and high level pre-motor process). Lower limb muscles weakness and impairment in 

activities of daily living were considered as well-established impairments in patients with 

COPD.
4,5

 While other intrinsic risk factors such as gait, balance and coordination deficits, 

depression and side-effects of medications were possible deficits. Clinical trials and systematic 

reviews have shown positive and strong correlations between skeletal muscle dysfunction 

particularly (lower limb muscle weakness) and incidence of falls.  

Compared to healthy population, muscle strength, length and endurance are reduced in people 

with COPD. Lower limb muscles, which are actively involved in balance and prevention of fall, 

are specifically impaired in COPD patients. Mathur et al, found that patients with moderate to 

severe COPD are having reduced girth, strength, and increased intramuscular fat of the thigh 

muscles, in comparison to age, gender and body mass matched control subjects.
3
 All these factors 

are associated with falls, increased loss of function and mobility issues in older population with 

COPD. Muscle endurance is also reduced and it reflects increased muscle fatigability, which has 

been associated with impaired postural control measured by single-leg stand in young normal 

population.
7
 

Recent studies on COPD population have also shown that reduction in the functional balance and 

mobility. The exercises component of pulmonary rehabilitation program (PRP) is considered as 

the cornerstone of the program which includes strength, balance and endurance training of upper 

limb and lower limb along with respiratory muscles training. But in a standard PRP, assessment 

of balance and training is not considered as a standard guidelines.
8,9

 Despite the fact that 

individuals with COPD possess many of these risk factors, limited information is available 

regarding balance and falls in this population. To our knowledge, there are very few studies 

assessing strength, balance and co-ordination in subject with COPD.
10,11,12

 Therefore, the present 

study aims to measure the strength, balance & coordination in patient with moderate to severe 

COPD. 

 

2. Materials and Methods 

 

A prospective, longitudinal, comparative study was conducted on patients with moderate to 

severe COPD at Dhiraj Hospital, Vadodara over a period of 1 year. Total 30 subjects aged 

between 50 to 70 years were selected using convenient sampling.Normal healthy control 

participants were taken from the community. Patients with acute exacerbation, musculoskeletal 

and neurological problems were excluded from the study. Berg balance scale, five times sit to 

stand test and toe tapping test (TTT) were used as an outcome measure.  

Functional balance was assessed with Berg balance scale (BBS). After performing BBS, 5 

minutes of rest was given. Strength of the muscles of lower limb was assessed by five times sit to 

stand test.  After performing five times sit to stand, 5 minutes of rest was given. Lower limb 

coordination was assessed by and toe tapping test. 
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3. Results 

 

In this study mean age of the subjects in COPD group was 66.66 (SD 5.47) whereas it was 58.33 

(SD 6.44) in control Group.  

Table 1: Baseline characteristics of the study population 

 
COPD NORMAL 

MEAN SD MEAN SD 

AGE 66.66 5.47 58.33 6.44 

PR 70.86 6.36 65.6 5.17 

RR 21.73 1.33 17.86 1.55 

 

Table 2: Mean of BBS, TTT and Five times sit to stand test 

 
MEAN with SD 

(COPD group) 

MEAN with SD 

(Control group) 
p 

AGE 61.67 (5.47) 58.33 (6.44) .138 

PR 70.87 (6.36) 65.60 (5.17) .019 

RR 21.73 (1.33) 17.87 (1.55) 0.00 

SBP 1.233 1.183 .179 

DBP 70.0 64.66 .035 

BBS 51.33 (2.87) 56.00 (0) 0.00 

TTT 19.00 (3.44) 28.13 (4.33) 0.00 

5TSTS 17.28 (4.98) 11.04 (1.13) 0.00 

 

Above table shows significant difference in means of BBS, TTT and Five times sit to stand test in 

COPD patients in comparison to control group.  

 

Table 3: Mean rank of one leg standing, tandem stand and 3600 turning (subtests of BBS) 

COMPONENTS 
MEAN RANK 

(COPD group) 

MEAN RANK 

(Control group) 
p 

One leg standing 10.50 20.50 .001 

Tandem stand 12.50 18.50 .061 

360 degree turning 8.50 22.50 .000 

 

Above table shows significance difference in one leg standing (p < 0.05) and 360 degree turning 

(p = 0.01) in COPD patients compared to age-sex-gender matched control subjects whereas in 

tandem stand, there was no significant difference. 

 

4. Discussion 

 

The present study aimed to assess the muscle strength, balance and co-ordination in patient with 

moderate to severe COPD and compare them with sex and age matched normal subjects. In 

Group A there were 15 subjects with COPD and in group B, 15 healthy subjects were recruited. 

In each group 11 were males and 4 were females. The mean age was 61.67 ± 5.47 in COPD 

group whereas it was 58.33 ± 6.44 in control group. The groups were equally distributed 

(p=0.138).  
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Berg Balance Scale was used to assess balance, Toe Tap Test to assess coordination of lower 

limb, and the strength of lower limb muscles was assessed with 5 times sit to stand test.  

There was a significant difference between two groups, with regards to BBS, the mean value of 

BBS score was 51.33 ± 2.87 in COPD group, whereas it was 56 in Group B (p value 0.00), 

indicating significant reduction in the balance of the COPD patients. In current Study two 

components of BBS were seen to be significantly affected. These were one leg standing, and 360 

degree turning. There was highly significant difference between the groups on these subtests. One 

leg standing, p value was 0.01 and in 360 degree turning p value was 0.00. There was no 

significant difference in tandem stand.
13

 

Eisner and colleagues in their prospective cohort study found that patients with moderate COPD 

(FEV1 62% predicted) performed significantly worse on two tests of functional balance i.e, on 

tandem stance task and Functional reach test as compared to age, gender and race-matched 

controls. 

A deficit in berg balance scale score in patients with COPD identifies the various risk factors of 

fall therefor; BBS is an established measure for the determination of fall risk.  

Several studies 
14,15,16,17

 have studied physical and functional deficits in COPD. Butcher et al. in 

2004 
14

 studied 30 patients with severe COPD (FEV1 38% predicted) identified increased 

postural sway and impairments in functional balance as measured by the Timed Up and Go test 

and the Community Balance and Mobility Scale compared to aged matched healthy controls, 

Eisner et al in 2008
15

 have used Short Physical Performance Battery, functional reach test 

whereas Chang et al in 2008 
16

 have used time up and go test and postural sway in quiet stance to 

study physical and functional deficit. 

Chang and colleagues in their study investigated static postural control and sub-maximal exercise 

in 19 COPD (FEV1, 46% predicted) patients. They concluded that in the absence of visual input 

patients with COPD demonstrates impaired static postural control (i.e. increased sway) following 

a standard six-minute walk test.
17

 COPD patients demonstrated increased medio-lateral sway and 

angular motion of the hips compared to healthy subjects.  

Another component of current study was Toe tap test which was used to assess coordination of 

lower limb. The first investigation in this area was conducted by want and colleagues, who 

concluded that COPD patients exhibits deficits in motor speed, strength and coordination in 

comparison to normal control. 

In the present study, mean value of toe top test score was 19.00 ± 3.44 in COPD participants 

whereas it was 28.133 ± 4.33 in healthy participants which shows there is significant difference 

(p 0.00) between the groups and it indicates there is reduction of toe tap repetitions in both the 

groups, a minimal reduction in normal group as compared to significant reduction in COPD 

group. 
16

 

In general, human skeletal muscle function decreases with age. However, it has been observed 

that the loss of muscles strength in aging may exceed that of muscles mass, resulting in a 

decrease in specific tension in the muscles (force per unit muscle). The performance of repeated, 

rapid foot tapping was significant slow in elderly subjects, which impairs in their ability to 

perform rapid repetitive foot tapping. 
19

 

In current study, five times sit to stand was used to assess lower limb muscle strength. The mean 

value of five times sit to stand was 17.2840 ± 4.98 in COPD patients, whereas it was 11.04 ± 1.13 

in control normal subjects. 
20

 There is significant difference between the groups (p = 0.00) and it 

indicates there is reduction in the muscle strength in COPD patients.  Study done by Mathur at 

also concluded the same reduction in muscle strength in COPD subjects.  
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Rob Wust et al 
21

 suggested that there is definitely a weakness of lower limb muscles in COPD 

which is one of the most intrinsic factors in contribution of fall. Results of current study show 

that COPD subjects had reduced functional strength, balance & coordination when compared to 

normal healthy age sex matched subjects. It also concludes that COPD subjects came under 

moderate limitation category while the healthy subjects had minimal limitation. 

The minimal limitation that occurs in normal healthy individual could be due to age related 

detrimental changes in the muscles structure and function. Corticosteroids being given as a part 

of treatment to most of the subjects with COPD. This may lead to peripheral muscle weakness in 

them as they affect the production of contractile proteins and down regulation of insulin like 

growth hormone factor (IGF-1), and thus may down regulate protein synthesis and increases 

intracellular proteolysis. All this may result in reduction in muscles mass and strength in these 

subjects. 
22 

 

Conclusion 
 

In this study there is highly significant reduction occurs in lower limb muscle strength, 

coordination and balance in patients with COPD. One leg standing and 360 degree turning 

(subtests of BBS) were also more predominantly affected. 
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