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Objective: Investigate the effect of lower extremity exercise on maximum lower extremity muscle strength and
physical capacity in COPD patients.

Material and Method: Twenty moderate to very severe COPD patients were allocated into trained and control
groups. The trained group received eight weeks of lower extremity functional exercise including forward step
up, lateral step up, heel raise, and lunge at home. Maximum muscle strength and Six Minute Walk Distance
(6MWD) assessments were performed at pre-training, week 4, and week 8 in hospital settings.

Results: There was no significant difference between trained and control groups in maximum muscle strength
and 6MWD at the beginning of the program. However, there was a significant improvement in 6MWD after
eight weeks of training, whereas there were no significant differences in the control group.

Conclusion: Functional exercise may improve physical capacity in moderate to very severe COPD patients. It
is beneficial and easy to perform at home.
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Exercise intolerance is a characteristic and
greatly troubling indication of COPD. Patients with
COPD are limited commonly in their abilities to perform
usual tasks, such as work activities, recreational
exercise, and hobbies®?. The physiologic mechanisms
of exercise intolerance are increasing airways resistance,
ineffective ventilation, hyperinflation and increased
elastic load to breathing, gas exchange abnormalities,
and mechanical disadvantage of the respiratory
muscles®®, Skeletal muscle dysfunction is another
important factor that can contribute to exercise
intolerance®?. Peripheral muscle dysfunction arises
from muscle weakness, decondition, malnutrition,
corticosteroids, inadequate levels of growth hormone
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and testosterone as well as chronic hypoxemia or
hypercapnia®?, Characteristics of muscle dysfunction
in COPD are muscle strength and endurance decreasing
whereas muscle fatigability is increasing. There are
reduced proportions of type I fibers and the increase in
type Il fibers. Muscle atrophy occurs with a reduction
in fiber cross-sectional area. Oxidative enzyme activity
and aerobic capacity during exercise are reduced®81-13),
The impaired muscle strength and endurance are
associated with reduced exercise capacity contributing
to impaired quality of life and cause to increase use of
health care resources in COPD patients®81014),

An exercise program for improving the skeletal
muscle dysfunction in COPD, especially muscle training
will be helpful in the mechanism of deconditioning
from disuse that is believed to be a major contributing
factor of the skeletal muscle dysfunction®*?. Functional
exercise is an exercise program for improving muscle
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function as the activity of muscle is the same as in
functional use in daily activity. It is easy to do and
can be trained at the patients’ home. Home program
exercise can eliminate the difficulty of patients in their
traveling and leads to decreased cost of treatment®,
Functional exercise such as stair climbing is integrated
strength of the quadriceps, hamstrings, hip flexors
and extensors and plantar flexors®", In daily life, it
is common to utilize large muscle groups of lower
extremity in any activity such as walking, stairs climbing,
standing from the chair, standing from the floor, and
heel raise to picking up the object on a high shelf.
Functional exercise for lower extremity is important to
generate muscle function and improves functional
performance in COPD patients. In COPD patients,
Clark et al, 1996 studied the effect of lower intensity of
peripheral muscle exercise of both upper and lower
extremities on pulmonary function, muscle performance,
whole body endurance, and maximal exercise capacity.
They found that functional exercise improved peripheral
muscle endurance and whole body endurance®®,
O’Donnell et al, 1998 studied the effect of general
exercise at the highest attainable work rate for the
longest tolerable duration. The results showed
significant improvement in quadriceps strength
and endurance, exercise endurance, and maximum
inspiratory pressure (MIP) & maximum expiratory
pressure (MEP)®, In addition, several studies found
that functional exercise improved muscle strength,
endurance, and functional performance in older and
healthy adults®620-22,

Functional exercise is a countermeasure to
muscle dysfunction but the study of the effect of
functional exercise in COPD patients, especially in low
loading strengthening exercise is still lacking. The
present study, aimed to investigate the effect of
exercise for muscle dysfunction improvement by lower
extremity training on muscle performance and physical
capacity in patients with COPD.

Material and Method
Subjects

COPD patients with moderate to very
severe obstruction (FEV, /FVC < 70% and FEV1< 80%
predicted) ranged from 61 to 74 years old, were included
in the present study®@. All COPD patients received
optimal bronchodilator therapy and were medically
stable. Patients with a symptomatic heart disease,
uncontrolled hypertension, diabetic mellitus, musculo-
skeletal problems, which limits test and exercise, and
on prednisolone more than 10 mg/day were excluded.
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Twenty-six male patients with COPD were
divided into two groups; training and control groups.
Both groups were interviewed about age, weight,
height, medication, smoking years, quit smoking
years, and were assessed by pulmonary function test
to classify state of COPD. Ethical approval for the
present study was granted by the Ethical Committee
on Research Involving Human Subject, Faculty of
Medicine, Siriraj Hospital, Mahidol University.

Procedure

The patients who met the inclusion criteria
signed an approved informed consent prior to
participation. All patients were interviewed about
history and performed pulmonary function test. The
maximum lower extremity muscle strength and six-
minute walk measurements were repeated at the end
of week 4 and week 8.

Pulmonary function

Determinations of forced expiratory spirometry
including force vital capacity (FVVC) and force expiratory
volume in one second (FEV ) were achieved by using a
spirometer (SCHILLER Spirovit SP-1, USA), according
to standard procedures of American Thoracic Society
for measurement spirometry®9. Each spirometric
parameter was determined 3-8 times and accepted
when the variation between each trial was less than
0.2L@,

Measurement of maximum lower extremity muscle
strength

Maximum lower extremity muscle strength
value was evaluated by using back and leg dynamo-
meter. The patient stood on a platform with trunk
erected and the knees flexed to an angle of 135°. The
patient’s hands held the hand bar using a pronated
grip and position across the thighs by adjusting the
length of the chain. The patient slowly extended
their legs with a maximal contraction of lower extremity
muscle without using the back muscle. The subject
received encouragement until there were no further
changes of the scale. The test was performed three
times with 1-min rest interval or rest until the patient
did not show sign of dyspnea between trials; the
highest value was selected (kg).

Measurement of six minute walk test

Distance was measured after the patients had
to walk at their own pace in the period of 6 minutes.
This test performed along 15-meter walkways, which
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had a chair placed at each end. The patients were
instructed to walk from end to end as far as they could
in six minutes and allowed slowing down or stopping
as necessary. If the patient had to stop for resting,
the duration of the resting period was recorded.
The patient received instruction and standardized
encouragement according to standard procedures of
American Thoracic Society for measurement six-minute
walk test®), Parameters including heart rate, respiratory
rate, oxygen saturation, rating of perceived exertion,
and fatigue scale were recorded at before and after the
walking test.

Intervention

The trained group received the functional
training, home program, including heel raise, forward
step up, lateral step up and lunge exercises for eight
weeks. Each exercise position was divided by the
intensity into 5 steps as shown in Fig. 1. The intensity
of step 1 to 3 was progressively increased by the body

Heel raise

Lateral
step

Lunge

Step 4

Step 5§

Fig. 1 Functional training including heel raise, forward

step up, lateral step up, and lunge
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position and gravity, whereas the intensity of step 4
and 5 was increased by the elastic band (one-band and
double-band for step 4 and 5, respectively). Prior to
training, all patients were tested for the appropriate
exercise level of each exercise position. The individual’s
appropriate exercise level in each position was defined
as the number of steps that the patient could not
perform the exercise more than 15 repetitions by leg
fatigue. The final step and the number of the repetitions
that the patient could perform were recorded and used
to be the first exercise level of each patient. As a result,
most of the trained group started exercise level from
step 2 to 3 in heel raise, forward step up and lateral
step up, whereas they started exercise level from step
1 to 3 in lunge exercise. The patients were trained
for the functional exercise three times/day (morning,
afternoon, and evening), three days/week, for eight
weeks. Before and after completing each training
session, the patients were asked to stretch their lower
extremities muscles, which are glutral, quadriceps,
hamstring, and gastrosoleus muscles for 3-5 repetitions/
muscle group. Every week, each patient was contacted
by phone to check and discuss about their exercise.
The exercise intensity was adjusted every month. The
result of the present study revealed that the level of
exercise intensity increased 1-2 steps after completing
four weeks of the exercise program. After completing
the 4th week of exercise training, the patients increased
the exercise intensity by testing the appropriate exercise
level in each exercise position, the same as prior to
participating in the training program. The patients were
trained with this exercise intensity for four weeks.

Data analysis

The results were reported as means + SD.
Distribution of data was tested by one sample
Kolmogorov-Smirnov Goodness of fit test. Two-way
ANOVA was used to test for the differences of
maximum lower extremity muscle strength test and six
minutes walk distance. If there was a significant
difference, Bonferroni correction was used as a post-
hoc test. Statistical significance was defined as p less
than 0.05.

Results

Twenty-six male outpatients with COPD
volunteered to participate in the present study. Six
patients (four in the trained group and two in the
control group) did not complete the program. Two
subjects were excluded because of acute exacerbations
of COPD and one subject had severe upper respiratory
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infection during week 4-6 of the exercise program and
one subject had an ankle injury while working which
limited the exercise training. Two of the subjects
refused to continue the program because they could
not continuously follow the exercise program. Thus,
ten patients were in the trained group who received
eight weeks of home program of functional exercise
and the other ten patients were in the control group.

Characteristics of subjects

Twenty male patients with moderate to very
severe obstruction (FEV, of 1.23 + 0.43 liters, 41 + 14%
of predicted value) ranged from 61 to 74 years old,
were included in the present study®@. The physical
characteristics and lung function of patients in trained
and control groups are presented in Table 1. Age,
weight, height, BMI, FEV, % FEV, predicted, smoking
years, quit smoking years were compared. No signifi-
cant differences were detected between the groups
(p>0.05). Thus, the two groups had similar significant
characteristics.

Effect of functional exercise on maximum lower
extremity muscle strength

Maximum lower extremity muscle strength
was determined by leg dynamometer test value. The
effects of functional exercise on maximum lower
extremity strength are shown in Fig. 2. After 4 and
8 weeks of training, maximum lower extremity muscle
strength in both trained and control groups showed
no significant difference from pre-training. There were
no significant differences between control and trained
groups atpre-training (p = 0.770), week 4 (p = 0.919),
andweek 8 (p =0.676).

Effect of functional exercise on physical capacity

Physical capacity was determined by the
six-minute walk distance. The effects of functional
exercise on the six-minute walk distance are shown in
Fig. 3. The trained group was significantly increased
in six minute walk distance after four weeks (< 0.001)
and eight weeks (< 0.001) of training (Fig. 3), whereas
this was not found in the control group. However,
the comparison between groups significant was not
difference at pre-training (p = 0.730), week 4 (p =0.443)
and week 8 (p = 0.289).

Discussion
Twenty male COPD patients participated in
the present study. The patients received the standard
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Table. 1 Characteristics of control and trained groups at

pre-training
Variable Control group Trained group p-value
(n=10) (n=10)
(mean + SD)  (mean + SD)
Age (years) 68.30 +4.57 70.80+2.66 0.182°
Weight (kg) 69.30 + 11.05 60.80 + 11.13 0.104
Height (cm) 166.80 + 3.85 164.40 +4.93 0.241
BMI 2484 +3.38 2252+4.31 0.198
FEV, (liter) 134+042 111+042 0.233

% FEV, predicted
Smoking years
Quit smoking years

44.00 + 14.00 39.00 + 15.00 0.417
4470+ 9.30 46.60 +10.35 0.671
350+4.43 3.40+4.22 0.959

Test by independent t-test, except? test by Mann-Whitney
test

150 4

130

% Control group
@ Trained group

110 -

90

LE muscle strength (kq)

70 -

50 +
Wk 4
Time

Wk 8

Pre training

Fig. 2 Effect of functional exercise on maximum lower
extremity muscle strength

W Control gmup.

BTrained group

6MWD (m)
W
3

Wk 4
Time

Wk 8

Pre training

Y  Significant difference at p <0.001
Y% Significant difference at p =0.05

Fig. 3 Effect of functional exercise on six minute walk

distance

treatment and were followed up by specialists in
pulmonary medicine. All patients received oral bron-
chodilator (xanthine group) and inhale bronchodilator.
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Level of airflow obstruction in a COPD patient
indicated functional ability of each patient. At
moderate obstructive level and below, patients limited
their activities and got worse when obstructive level
was increased®. In the present study, COPD patients
with moderate to very severe were included.

Effect of functional exercise on maximum lower
extremity strength

The result showed that the maximum lower
extremity muscle strength at pre-training were 93.65 +
18.92 kg and 96.65 + 25.83 kg in the control group and
the trained group, respectively. The value was lower
than normal subjects of Corbin et al’s study. They
studied the norms of healthy subjects. They found
that the static leg strength at below 123 kg in persons
over 50 years old presented very poor strength level @,
Agreement with several studies revealed COPD
patients had lower muscle strength in lower extremity
than healthy people of the same age because of muscle
dysfunction82",

In the present study, maximum lower extremity
muscle strength in both groups showed no difference
at week 8 compared to pre-training. Several researches
showed the positive effect of functional exercise on
muscle strength in healthy subjects, older adults and
COPD patients®19-22, In contrast, some researches
did not show improvement of muscle performance
in their subjects®®2629, Each study had a different
pattern, detail in exercise program and specific
measurements. These differences are explained in the
following section.

1) Low load exercise: Training and adapting
response for resistance exercise appeared to have a
specific relationship. Delorme, 1945 suggested that a
resistance-training program using low repetition/high
resistance led to adaptation for strength/power,
whereas training with high repetition/low resistance
induced muscle endurance®. ACSM guidelines, 2006
suggested that resistance exercise program at 8-12
repetitions maximum (RM) could improve maximum
muscle strength®>, Heyward, 1998 recommended that
dynamic resistance exercise program should be 4-8 RM
for strength, 10-12 RM for hypertrophy, 15-20 RM
or higher for endurance®. As mentioned above, it
seemed that 10-15 RM specified in lower extremity
muscle exercise might not be enough to improve maxi-
mum muscle strength in the present study. However,
safety and psychological effect in the patients would
be considered. Patients with COPD commonly assumed
sedentary lifestyle to avoid the dyspnea®. They had
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ventilatory limitation and muscle dysfunction®9,
High load exercise also produced risk to injury from
exercise and affected psychological condition®34,

2) Specificity of the measurement: Back and
leg dynamometer test was safe for patients because
isometric test had a low risk of muscle fiber tear, high
reliability, and easy to test®>%), However, isometric test
could not completely determine the effect of dynamic
exercise. The neuronal and mechanical factors had
different influence on the dynamic and isometric test.
In mechanical factor, isometric test was specific to
velocity of zero and angle at measurement angle.
Dynamic exercise required dynamic activation of
musculature through a movement range®"*®, Another
factor was neural activation of muscle. Isometric and
dynamic activation might be different in the specific
recruitment patterns®. However, Hortobagyi et al,
1996 showed that isometric test could determine the
improvement of muscle strength in dynamic exercise
but the measurement value was lower than dynamic
strength test“?, Possibly, the exercise program in the
present study might not improve maximum muscle
strength resulting from specific measurement.

Effect of functional exercise on physical capacity

The six-minute walk distance (6MWD)
represented physical capacity of the subject. The
test values were 318.88 + 60.61 meters in the control
group and 308.96 + 66.62 meters in the trained group at
pre-training. The comparison of test value between
the patient in the present study and healthy adults
from other studies at similar age demonstrated that
the patient had lower 6MWD®*2, Thus, the COPD
patients had lower physical capacity than healthy
subjects.

The study revealed that the six-minute walk
distance in COPD patients had significant difference in
week 4 and week 8 of training in the trained group
whereas no change in the control group. This result
agreed with previous studies that studied the effect
of functional exercise on physical capacity in older
subjects and COPD patients®®??, O’Donnell et al,
1998 studied the effect of general exercise on muscle
performance and 6MWD. They found a significant
difference in 6MWD between the control and trained
group®, while Bean et al, 2002 studied the effect of
weighted stair climbing exercise on muscle performance
and 6MWD in older subjects. They also found signifi-
cant increase in 6MWD after the training program®?,
According ATS, 2002, the six-minute walk distance was
higher than 17% from baseline of the present study

J Med Assoc Thai Vol. 92 No. 4 2009



showing the improvement in clinic®. This confirmed
that functional exercise has an impact on physical
capacity.

The six-minute walk distance was a sub-
maximal exercise test. It could determine over all
involved systems during exercise. As activity of daily
living was performed at sub maximal level, 6MWD
possible reflected the functional exercise level for
daily activity in COPD patients®. The present study
revealed that COPD patients had improvement of
functional activity after functional exercise training.
However, increasing in 6MWD did not specify the
improvement system. Improvements in 6MWD may
also come from respiratory and neuromuscular
systems. Ventilatory requirement decreasing during
exercise desensitized dyspnea, which may be the
mechanism for improving respiratory system®3,
Repeat test measurement induced coordination,
walking adjustment and reduced anxiety during test,
those produced improvement in the neuromuscular
system®@, Further investigations in this matter are
needed.

Clinical implication and future study

Functional exercise can improve physical
capacity in COPD patients. Functional exercise,
including forward step up, lateral step up, heel raise
and lunge, are the lower extremity muscle exercise which
are close to activities in daily living. The present study
proved that they were effective and did not produce
injury.

The further study should emphasize on the
progressive loading of functional exercise program for
strengthening lower extremity muscles. The longer
duration than eight weeks of exercise program should
be considered in pulmonary rehabilitation prescription
for significant effect. The specific test will be required
to measure exercise effect, dynamic strength test.
The direct physiological measurement should be
performed for observing physiological changes in
muscle, respiratory and others. Additionally, quality of
life is another interesting parameter.

Conclusion

Functional exercise of lower extremity
muscles improved physical capacity in COPD patients
after eight weeks of training. It is a simple and easy
exercise program to perform at home. It can be applied
to a training program for COPD patients and may be
modified for other groups of patients who have muscle
dysfunction of lower extremities.
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