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ABSTRACT

Introduction: The optimal time to do exercise in adaptation phase was 36 to 72 hours. Patients with cardiovascular 
disease may have an extended adaptation phase to 96 hours and above. It was necessary to know the most 
effective supervised exercise in phase II  cardiac rehabilitation between three times/week for 36-hours, and two 
times/week for 96-hours.  

Method: This study involved 30 patients post-Cardiac Bypass Graft Surgery (CABG) participated in phase II 
cardiac rehabilitation at Hasan Sadikin Hospital, Bandung. Subjects divided into two groups; that have done two 
times/week (group 1) and three times/week of the supervised exercised (group 2) for four weeks. The Lower 
extremity muscle strength (LEMS) examined by conducting a chair standing test, while functional capacity (FC) 
evaluated by the 6-minute walking test.

Result:Subjects were 58,54±5,90 y.o (group 1) and	 61,66±6,36(group 2). The FC and the LEMS before and 
after exercise were 10,98 and 15,96 ml/kg(<0,001) on the FC; 7,8 and 12,9 times (<0,001) on the LEMS in group 
1, besides 9,6 and 14,9 ml/kg(<0,001) on the FC; 8,7 and 13,0 times (<0,001) on group 2, 

Conclusion. Both groups have increased of the FC and the LEMS after exercise. There were no difference 
between 2 times and 3 times of supervised exercises a week on post CABG pasients
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Introduction

Coronary artery bypass surgery is one of the intervention treatments of coronary artery disease. Based 
on data from the American Heart Association, a total of 427,000 coronary artery bypass surgeries were 
performed in the United States in 2004 and made this procedure the most common primary operation.1 
Cardiac rehabilitation is an interdisciplinary approach to patients with limited function due to heart disease. 
The focus of cardiac rehabilitation was restored the patients function to optimal conditions of medical, 
physical, mental, psychological, social, emotional, sexual, vocational and economic status according to the 
degree of severity of heart disease experienced.2 The aim of Cardiac rehabilitation was to improve physical 
fitness, quality of life and reduced death from heart attack.3,4

Lower extremity muscle strength (LEMS) examined by conducting chair standing test The chair stand test 
(CST)1  was one of the physical performance tests for older people and associated with muscle strength around 
the knee. The CST was assessed muscle strength around the knee joint in older people in the clinical setting 
without a hand-held dynamometer. The 30 Second CST, in conjunction with another measurement such as the 
4-Stage Balance Test, Timed Up and Go (TUG) Test and an assessment of postural hypotension can be used to 
predict the risk of fall.5  The functional capacity evaluated by a simple 6-minute walking test (6 MWT),  requires 
as long as 100-feet of the hallway, no need of the exercise equipment, nor specific training for the examiner. This 
test measures the distance that a patient can walk as fast as possible on a flat, hard surface for 6 minutes. The 
test evaluates the global and integrated responses of all the systems involved during exercise; the pulmonary and 
cardiovascular, circulation, neuromuscular units, and muscle metabolism.

Nevertheless, the test has not provided specific information about the different organs and systems that 
involved in exercise activity. The self-paced 6MWT assessed the submaximal level of functional capacity. 
Most patients do not achieve maximal exercise capacity during the 6 minutes, and choose their intensity of 
exercise and were allowed to stop and rest during the test. However, because most activities of daily living 
performed at submaximal levels of exertion, the 6MWD may better reflect the functional exercise level for 
daily physical activities.6

The effectiveness of the exercise depends on the optimal time and the intensity of exercise. Physiological 
response to exercise was the pattern depending on the state of health of an individual. The pattern called by 
the compensation cycle. 

The optimal time to do the exercise was in the adaptation phase of the cycle after CABG, which is 36-72 
hours after the previous exercise.7 The phase II of cardiac rehabilitation performed with a frequency of three 
times/ week. The supervised rehabilitation of the second phase of the heart with a frequency of three times/
weekwas  increased the lower extremity muscle strength and functional capacity of post CABG patient. In 
contrast, a study of the frequency of two times/week was still limited.8-10 
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This study aimed to found the difference of frequency between two times/week and three times/week in 
phase II of supervised exercise in post CABG patients, on the effect of increasing lower extremity muscle 
strength and functional capacity.

Methods 

This experimental study was reviewed and approved by the research and ethics review committee of Medical 
Faculty, University of Padjadjaran, Bandung, Indonesia. All of the research was signed the informed consent 
before participating in the study.

A randomized controlled trial selected the subjects. The observations were at before and after exercises. 
The first of Statistical analysis was a test of normality of data Descriptive statistics, and frequency tables for 
category or rank data, Difference test by t-test or Mann Whitney test depends on the distribution of data to 
compare the difference of exercise frequency at the same exercise time (after four weeks). moreover, T-test 
dependent (pairwise) or Wilcoxson Match Pair test to assess exercise Fogress (start and end of week 4)

The inclusion criteria of the study were  coronary artery disease patients who have undergone revascularization 
by a method of coronary artery bypass surgery (CABG),entering phase II cardiac rehabilitation, the 
absence of uncontrolled comorbid factors (Hypertension and Diabetes Mellitus, subjects do not have any 
neuromusculoskeletal comorbidities that participation in exercise and not use gait aid.

Exclusion criteria of the study have contraindicated for a 6-minute walking test, and cardiopulmonary 
exercise subjects have the severe chronic obstructive pulmonary disease, included in the high-risk category 
of exercise.

Drop Out Criteria were subject does not exercise in supervision according to the frequency specified more 
than once of absent and subjects who had experienced adverse effect during exercise.

A total of 30 subjects fulfilled inclusion and exclusion criteria, randomly allocated as many as 15 people 
to the group I (a group who received two times/week supervised exercise for four weeks) and 15 people 
to group II supervised exercise 3x / week for four weeks). Every participant was recommended to do 
overground walking hospital base exercise.
 
A total of 7 patients dropped out so that only 23 participants were able to complete the research (11 people 
in the group I and 12 people in group II). Lower extremity muscle strength obtained by conducting chair 
standing test, while functional capacity value obtained by conducting a 6-minute walking test. (Diagram 1)
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Diagram1. Research Flow Diagram
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Results 

The result of the normality test by using Shapiro shows the value of participants data concerning normal 
age. The baseline data and the number of gender variation in the study subjects in both groups were not 
significantly different have described in Table 1. 

Table 1. Participant’s Characteristics at Baseline

Group 1 Group II p-value
Age (Year) 58,54±5,90 61,66±6,36 0,317
Gender 0,4085

Males 9 8
Females 2 4

1= frequency supervised exercise 2 times/week, 2= frequency supervised exercise 3 times/week
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The test of gender variation on functional capacity and lower extremity muscle strength has done by 
independent t-test. The p-value indicates the number of gender to functional capacity and lower extremity 
muscle strength did not differ significantly. Based on Table 2, the analysis of functional capacity and lower 
extremity muscle strength between groups can be performed as a whole, without separating the gender.

Table 2. The Functional Capacity and The Muscle Strength of Lower  
extremity based on gender

Variable Mean Mean
F M t-value p-value

Functional Capacity 10,425 10,20 0,193905 0,848
Lower limb muscle strength 8 8,35 -0,33418 0,742

F: Females; M: Males

Initial data on functional capacity and lower extremity muscle strength of group 1 and group 2 have shown 
in Table 3. The functional capacity and strength of lower limb muscles of both groups were statistically not 
significantly different due to p> 0.05.

Table 3 Initial Data of Functional Capacity and Lower Limb Muscle Strength

Group I
Mean/Median*

Group II
Mean/Median* p-value

Functional Capacity 10,98±2,57 9,60±2,02 0,165
Lower limb muscle strength 7,818±2,48 8(5-11)* 0,186**

* Median (min-max)
** Mann Whitney test

Functional capacity and muscle strength before and after exercise different significantly with p <0.05. The 
value of functional capacity in group I before exercise (10.98) was smaller than the value after exercise 
(15,96). In group 2, there was an increase in functional capacity before exercise (9,60) and after exercise 
(14,935). List of the data from Table 4 has described the increase of lower extremity muscle strength. The 
group I has the strength of lower limb muscles before the exercise of 7.818 increased to 12.909. In group II 
the baseline strength value of the lower limb 8.667 after exercise increased to 13.0.

Table 4. Functional Capacity and Muscle Strength Before and After the Exercise for 4 Week

Group I
P-value

Group II
P-value

before after before after
Functional capacity 10,9 15,9 <0,001 9,6 14,9 <0,001
Lower Limb Muscle 

Strength
7,8 12,9 <0,001* 8,7 13,0 <0,001*

Explanation: *  Wilcoxon Matched Pairs Test due to abnormal distribution, others wear a paired UTI t due to a normal distribution
I= frequency supervised exercise 2x/week; II = frequency supervised exercise 3x/week
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Functional capacity and lower extremity muscle strength were not significantly different between groups 
after treatment, because of the p> 0,05. The data in Table 5 has shown that was not different between groups.

Table 5. Functional Capacity and Lower Limb Muscle Strength between Groups 1 and 2 After 
Intervention For 4 Week

Group 1
Mean 1/

Group II
Mean 2/

Median 1* Median 2* p-value
Functional capacity 15,96±2,94 14,935±3,01 0,717

Lower Limb Muscle Strength 12(11-18)* 13,000±2,76 0,782**

Explanation
* Median (min-max) due to abnormal distribution, others use mean ± SD for normal distribution
** Man Whitney-t es t
**  t-te st

Discussion

An increase in functional capacity and lower extremity muscle strength after treatment found on both 
groups. Increased of the functional capacity post-cardiac rehabilitation phase II according to the study in 
1995 by Dressendrofer et al. and in 2014 by Fimasari.

Dressendrofer et al. has found that cardiac rehabilitation between the frequency of two times/week and three 
times/week in myocardial infarction was equally effective in increasing pulmonary functional capacity. 
Dressendofer studies performed in myocardial infarction who did not undergo revascularization.11 

Dressendrofer’s and Fimasari have found that the functional capacity of patients on phase II cardiac 
rehabilitation increased significantly. Fimasari study was compared between cardiac rehabilitation group 
and not undergo exercise group, have found significant improvement in functional capacity in cardiac 
rehabilitation group.12 

Functional capacity of this study obtained from the conversion of the maximum oxygen volume. The 
maximum oxygen volume was determined the respiratory and cardiovascular function on oxygen delivery 
to the contraction muscle, and the maximum ability of muscles to consume oxygen. 13  The functional 
capacity after the intervention was higher than the before the exercise. The same condition on lower 
extremity muscle strength after exercise. The increase  occurred in both intervention groups.

The physiological response of the exercise follows a cycle that occurs in healthy or sick individuals, called 
super-compensation cycles. Ideally, an exercise session should be carried out in the adaptation phase of 
one cycle of super-compensation. The adaptation phase lasts from 36 to 72 hours.7 In most studies of 
cardiac rehabilitation, and it generally has a frequency of three times/week (36-hour adaptation phase6,8,9,14 
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Physiological changes in this phase include the addition of muscle mass, strength, mitochondrial density, 
aerobic enzyme activity, and nutrient storage capacity.9 

The Group I performed a supervised exercise with a frequency of two times/week, assuming the exercise 
performed in a 72-96-hour elongation adaptation phase. The Group II performed a supervised exercise with 
a frequency of three times/week, assuming the exercise performed in a 36-hour adaptation phase. Table 4 
the adaptation phase that occurs in participants occurred starting from 36 hours and can extend up to 96 
hours.

Conclusions

The Differences of frequency (two times/week and three times/week)  on supervised exercises for phase II 
cardiac rehabilitation have the same effect after four weeks exercises on increasing of the lower extremity 
muscle strength and the functional capacity in patients after coronary artery bypass graft.
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