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Abstract

Purpose: To study and compare the effect of submaximal exercise on static and dynamic balance in patients
with severe and moderate chronic obstructive pulmonary disease (COPD) and correlation of the balance
impairments with disease severity, quadriceps girth and body mass index (BMI).

Methods: A sample of convenience of 45 middle aged participants (mean age 53.47 = SD 4.775), including
15 with severe COPD, 15 with moderate COPD who were not undergoing pulmonary rehabilitation program
and 15 healthy controls were included. The subjects performed Timed Up and Go Test (TUG) for dynamic
balance and quiet standing to assess postural sway using sway meter with eyes closed and opened in narrow,
semi tandem and tandem stance for 30 seconds. The balance variables were then correlated to forced
expiratory volume in one second (FEV1), quadriceps girth and body mass index. Significance was set at
alpha less than 0.05.

Results: when compared to healthy controls, significant differences were found in postural sway in all the
stances in severe COPD patients, and in semi tandem and tandem stances in moderate COPD patients. TUG
test significantly differed in both severe and moderate COPD (p=0.0001) and no difference between severe
and moderate COPD TUG test was found. Moderate negative correlation was found between FEV1 and
postural away in few stances whereas no correlation was found with quadriceps girth and BMI of COPD
patients.

Conclusion: Static as well as dynamic balance are affected in COPD patients with postural sway affected
more in severe COPD than moderate COPD leading to functional disability and risk of falls which increases
with increase in age. Balance alterations can be moderately correlated to FEV1.

Keywords: Chronic Obstructive Pulmonary Disease, submaximal exercise, state and dynamic balance,
anteroposterior sway, mediolateral sway, total sway, Timed Up and Go test, Quadriceps girth, Body Mass
Index, FEVI.
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The detriments of peripheral muscle weakness
have been noted in chronic obstructive pulmonary
disease (COPD) along with hypoxia and hypercapnia,
due to systemic manifestations. This extra pulmonary
manifestation of has found to be associated with reduced
functional mobility and exercise tolerance and deficits in
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simple motor movement'2. Thus, along with exertional
dyspnea being the main factor for functional limitation
peripheral muscle strength also contributes for the
same, lower limb being more affected than upper limb'.
Quadriceps myopathy is the most recognized characters
of COPD coma resulting to two functional dysfunction
which is a result of systemic inflammatory response and
inactivity*. some studies have shown that myopathy
is known to contribute to neurological abnormalities in
patient in critical care unit and also that hypoxia effects
motor coordination and postural control at high altitude
and does they may have a similar effect in patient with
hypoxic COPD!>:6,

Balance is an important component for performing
activities of daily life and for being functionally
independent. Recent evidences have stated that balance
impairment is observed in elder COPD patients. Even
balance assessment proved effective in the fallers from
non-fallers in elder COPD. Evidence have stated that
static balance is affected serious stable COPD following
submaximal exercise task. But no studies have been
performed to know the differences between moderate
and severe COPD and how far quadriceps girth which
has found to be reduced in COPD patients due to god
resets myopathy is related to balance. Few researchers
have studied the effect of body mass index BMI on
postal balance but not in BD population. The aim of this
study is to compare static and dynamic balance of senior
and moderate COPD patients and to correlate it with
quadriceps girth, BMI and forced expiratory volume
in one second (FEVI) in middle age see OPD so that
some of the aging effects on balance can be excluded
and balance impairments can be well associated with the
disease condition.

Methods

45 participants falling in the age group of 45 to
60 years (mean age 53.47+- SD 4.775) were recruited
including 15 with stable severe COPD (mean FEVI
=41.27), 15 stable moderate COPD mean FEVI=
68.33) and 15 healthy controls from the outpatient
department of Lala Ram Swaroop TB and Respiratory
Medicine Institute. Patients were excluded if they had
a history of major exacerbation in past one month.
Major orthopedics condition, mobility limiting arthritis,
neuromuscular condition!”’, unstable angina, myocardial
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infarction and hypertension®, any pain (either localized
or general) or any conditions affecting low back or lower
limb’, cognitive impairment!, vestibular disorders'~’,
tuberculosis, other lung diseases other than COPD!.
A through explanation of the procedure was performed
and possible risks and benefits were explained. Written
informed consent was obtained from each participant,
with ethical clearance from the Research Ethical
Committee of Lala Ram Swaroop Institute of TB and
Respiratory Care, New Delhi.

Measurement:

The pre exercise baseline measurement of
breathlessness using Brogs Dyspnoea scale, baseline
oxygen saturation and baseline heart rate was measured
after enrolling the participant in the study. Quadriceps
girth was also measured prior to the test using cloth
measuring tape taking lateral joint as a point from which
girth was measured at two different levels 10 cm and 20
cm for both the limbs®. Static balance was measured by
assessing postural sway in the three validated stances,
narrow, semitandem and tandem'? i.e. with increasing
level of difficulty, with both eyes open and eyes closed
using an instrument called “Swaymeter”. It consists
of a pair of graduated ruler’s oriented perpendicular
to each other and fixed upon a stand. It measures the
displacement of the body at the level of the waist in
anteroposterior, mediolateral direction and total sway in
all the stances with the increasing level of their difficulty
through the pen attached to a stand together, which is
fixed with a belt'!. Patient were asked to stand for 30
seconds in narrow stance with both the feet together,
semi tandem stance with the big toe of one foot placed at
the side of the heel of the other foot and tandem stance
with the big toe of one foot touching the heel of the foot

placed ahead of it.

TUG test was performed to assess dynamic balance
as well as functional mobility. Subjects were instructed
to start by sitting on a chair, which was kept constant
(46cm) for all the patients and on the word go to stand
up, walk 3m, turn around, walk back to the chair, and
sit down. Time was calculated from the time the pelvis
was lifted to the time it was placed back on the chair.
For older adults, completing the task in 7 to 9 seconds is
low risk of hampered dynamic balance which may lead
to falls, moderate risk in 10 to 12 seconds, and high risk
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in 13 seconds or more'2. The order of balance measures
was randomized full stop the measurements obtained
through the procedure was then correlated to quadriceps
girth, FEVI and body mass index of the patients with
COPD in order to obtain the relationship between
balance and these variables.

Statistical Analysis

Analysis was performed using SPSS software
version 15.0. the paired t test was applied for within
subject dependent variable. As multiple groups were
taken, a post hoc analysis was performed using tukey
test to compare the difference between each reading.
An alpha value of 5% was set for finding the significant

difference. Pearson’s r correlation analysis was used to
determine the correlation of quadriceps girth, BMI and
FEVI with static and dynamic balance.

Results

The demographic characteristics of the patients
are presented in table 1. All three groups did not differ
significantly with respect to age. The Spirometry results
showed significant difference in FEV1 among all the
three groups. Dyspnea increased on 20 point Borg scale
to 10.78 +-2.476 post task as compared to pre task mean
rating of 8.84 +- 2.335.

Table 1: demographic data of the participants
Variable Severe COPD Moderate COPD Healthy Control Total
Age, Yrs 54.87 +4.984 53.27 +£4.480 51.85+5.04 53.47+4.775
BMI 193+£1.70 18.97 £2.374 24.76 +2.421 21.573 £3.494
QG 31.93+1.981 33.73 £3.081 40.85 +1.908 35.6 £4.658
FEV1 % predicted 41.27+6.33 68.33 £ 8.764 95 £5.099 67.51+23.6

Effect of exercise on TUG test:

Significant differences was found between severe and healthy control (p =0.0001) and between moderate and
healthy controls (p =0.0001). No difference was found in tea UG performance between severe and moderate COPD

(p=0.4).

Effect of exercise on postural sway:

in eyes closed AP, ML and total sway.

Table 2: Post Hoc Tukey Analysis results severe COPD to healthy controls in marrow, semitandem and tandem stance

Sev- con Sev- con Sev- con
Variables Variables Variables
P P P
Prenarrowecap 0.043* Prenarrowecml 0.154 Prenarrowectt 0.078
postnarrowecap 0.010%* Postnarrowecml 0.001* Postnarrowectt 0.0001*
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Presemitanecap 0.042%* Presemitanecml 0.005%* Presemitanectt 0.006*
Postsemitanecap 0.0001* Postsemitanecml 0.0001* Postsemitanectt 0.010%*
Pretandemecap 0.018* Pretandemecml 0.0001* Pretandemectt 0.039*
posttandemecap 0.0001* Posttandemecml 0.0001* posttandemectt 0.000*
Sev- severe COPD; cont- healthy controls; ec- eyes closed; eo- eyes open;
Semitan-semitandem stance; ap — anteroposterior sway; ml- mediolateral sway
Eyes open: Eyes closed:

Mean increase in anterior posterior by 1.05,
mediolateral (ML) by 2.15cm as well as total sway by
3.22 cm was found in narrow stance in severe COPD
patients. Mediolateral as well as total sway was found to
be affected in all the remaining stances in COPD patients
given in table 2, 3, 4, 5. Mediolateral (p=0.0001) and
total sway was found to be affected in moderate COPD
patients in tandem stance (p=0.024). Healthy controls
also show significant difference in mediolateral sway
(p=0.004) and total sway (p=0.02) in tandem stance.

According to the post hoc tukey analysis, severe
COPD patients showed increase anteroposterior sway,
medial lateral sway and total sway in all narrow, tandem
and semi tandem stances as compared to healthy controls
(table 2, 3, 4, 5). However moderate COPD patients
showed increased mediolateral sway in semi tandem
stance (p=0.003) and anteroposterior sway (p=0.001)
and mediolateral sway in tandem stance (p=0.0001)
significant difference in total sway in tandem stance
(p=0.0001) was also found in moderate COPD patients.

Table 3: Narrow Stance
Severe Moderate Healthy

Pre post Pre post pre post
Eyes Open Total Sway Scm 9cm 4.7cm Scm 4cm 4cm
Eyes Closed AP Sway 3.7cm 4cm 3.0cm 3.7cm 3cm 3cm
Eyes Open in AP Sway 3.0cm 4.0 cm 2.5cm 3.7cm 2cm 2cm
Eyes Open in ML Sway 3.2cm 4.0cm 2.7cm 3.6cm 1.8cm 1.8cm
Eyes Closed ML Sway 2.5cm 3.8cm 2.5cm 2.7cm 1.0cm 1.5cm
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Table 4: Semi tandem Stance

Severe Moderate Healthy
pre post pre post pre post
Eyes Open Total Sway 9cm 10cm 6.0cm 8.2cm 5.2cm 5.8cm
Eyes Closed AP Sway 8.7cm 9.5cm 7.0cm 8.0cm 6 cm 6cm
Eyes Open in AP Sway 4.0cm 4.5 cm 3.5cm 4.5cm 3cm 3.5cm
Eyes Open in ML Sway 5.2cm 6.0cm 3.7cm 4.5cm 3.5cm 3.5cm
Eyes Closed ML Sway 9.0cm 1.0cm 8.0cm 9.0cm 5.0cm 5.0cm
Eyes Closed in Total Sway I1lcm 19.5cm 10cm 16cm 9.0cm 9.4cm
Table 5: Tandem Stance
Severe Moderate Healthy
pre post pre post pre post
Eyes Open Total Sway 15cm 19cm 16cm 18cm 10.2cm 10.8cm
Eyes Open in AP Sway 4.8cm 5.5cm 5.0cm 6.0cm 3.5cm 3.5cm
Eyes Open in ML Sway 8.2cm 10cm 7. 7cm 8.5cm 6.5cm 6.5cm
Eyes Closed in Total Sway 2lem 22cm 18cm 20.2cm 10cm 10cm

Correlation analysis:

Pearson’s correlation showed moderate negative
correlation was obtained FEV1 and postural sway in
four stances ML sway in eyes open (r=-0.473,p ,=0.008)
and closed (r =-0.394, p =0.03) in narrow stance,
semi tandem and tandem stance (r= -522, p=0.003).
Correlation analysis was done within 30 COPD patients.
No
quadriceps girth, BMI and balance.

significant correlation was obtained between

Discussion

The purpose of this study was to assess and compare
the effects of submaximal exercise task on postural
balance, including both static and dynamic balance in
COPD patients as compared to healthy controls in the

middle aged individuals and to correlate the balance
with FEV1, Quadriceps girth and Body Mass Index.
The results found significant differences in dynamic
balance of severe and moderate as compared to healthy
individuals. Total postural sway was found to be affected
from normal to challenging stances in severe COPD
patients whereas mediolateral sway was only found to
be affected in moderate COPD in challenging stances
like semi tandem and tandem with more significant
differences found in eyes closed stances than eyes open
ones. Moderate negative correlation was found between
FEV1 and postural sway in four of the total stances
indicating inverse relationship between FEV1 and
postural sway. This study was design to compare the
balance between moderate and severe COPD in middle
age population so that some of the effects of aging on
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balance which is usually found above 60 years, based on

13-16

the evidences , can be excluded.

Simple inexpensive, reliable and valid test like TUG
test”!7-1 for dynamic balance and postural sway through

71120 ywere used to assess balance which

sway meter
can be easily and economically available and used in
clinical settings. The alteration in balance as interpreted
from the study, can be considered as a consequence of
either muscle fatigue which would have occurred due
to an exercise task’?!?2. Increase in sway especially
mediolateral has been reported in challenging positions
in normal individual’, however according to the findings
of this study COPD were found to have alterations
in balance in even in normal narrow stance and less
challenging semi tandem stance as well as showed
increased time to complete TUG test. One of the reasons
for this may be Quadriceps myopathy since noticeable
decreased girth was found in both severe and moderate
COPD as compared to healthy controls. Evidence have
stated that weak quadriceps muscle is related to postural
imbalance and leads to increase postural sway which
poses the risk of falls'32°, But since the fatigue and
muscle strength was not assessed in this study, and no
significant correlation was obtained between girth and
balance, it cannot be clearly explained from this point
of view.

After contributing factor for an altered balance can
be breathlessness since evidences have stead that hypoxia
can lead to altered postural balance®®. According to

Killian and Campbell??

, as COPD progresses, respiratory
muscles have to generate increased pressures to maintain
an adequate ventilatory thresh hold resulting in increased
dyspnea. Few evidences have shown that myopathy is
known to contribute to neurological abnormalities in
patient in critical care units and you have stated that
hypoxia effects motor coordination and postural control
at high altitudes and does they may have a similar effect
in patient with hypoxic COPD!>¢. Even the disease
severity it was found to be significantly correlated to
postural sway in few variables in this study and evidences
signifies the relationship between disease severity and
postural balance**. More clear results would have
obtained if large sample size was taken for correlation.
Does the reason for altered postural control in COPD
can be thought to be related to disease severity as well as
consequences of pulmonary and systemic manifestation
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in leading to hypoxia and quadriceps myopathy which
needs to be further assessed using reliable and accurate
measures.

Balance impairment: risk of fall and disability.

Studies have reported that increased CWE is
associated with increased fall risk in an individual'3-%3.
Maki and lagoie et al has stated that increased lateral
sway is the single best predictor of future following risk
in his study on elder population'®?%. However peterka
et al in his study of subjects ranging from 7 to 81 years
stated that patient greater than 55 years shows significant
greater and posterior sway which poses them to risk of
fall'#. Similar findings were found by laughton et al?®?’
who stated that followers displayed increased a peace
way full stop in the study done by Angela at al and
Scott et al in COPD patients increased mediolateral and
total survey was demonstrated which was considered to
hamper the activities of daily life of PD patients and causes
them to the risk of falls!”. Beauchamp et al performed
a study to discriminate followers from no followers
in using balance measures and found that followers
have altered static and dynamic balance the current
study supports these findings indicating functional this
ability and risk of falls are associated with COPD which
increases with CVR 80 of the disease?®. Thus the key
findings of this study show that severe COPD patients
are more affected and have greater balance impairments
than moderate COPD patients as compared to healthy
controls this can hamper their functional activities and
can lead to functional disability. Even moderate see
OPD faces balance issues not as significant as severe
ones, but are post to risk of falls and functional ability
to sense lateral balance is found to be affected during
challenging activities. TUG test that assess dynamic or
walking balance was found to be significantly affected
in both the groups and was falling in the range of high
risk of fallers with a mean of greater than 16 seconds
for both groups?®. This altered dynamic balance reflects
a reduced ability while maintaining a standing posture
and while performing a potentially destabilizing and
challenging activities'!.

Limitations:

Use of force plates to record center of pressure
excursions or posturography techniques can give more
accurate result for the assessment of balance since the
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readings obtained from Swaymeter was more manual
though it has been validated against force plates®. Small
sample size and convenient sampling used was another
limitation in the study.

Future studies can be done correlating quadriceps
strength and endurance in COPD patients with balance.
Balance impairment was only assessed in this study,
but the time for which these balance alteration remains
following an exercise task can be assessed in future
research which can help in exercise prescription. Further
research can be done to assess the effect of balance
training in COPD.

Conclusion

Static as well as dynamic balance are affected
in COPD patients with postural sway affected from
normal to challenging stances in severe COPD patients.
Moderate COPD patients also faces balance deficits
but in more challenging and destabilizing conditions
as compared to severe ones. Thus balance impairments
should be assessed while enrolling the COPD patient
pulmonary rehabilitation program to control the factors
like disability, falls etc. associated with balance deficits.
Balance alterations may be inversely related to FEV1.
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