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Introduction

Abstract

BACKGROUND: Exercise tolerance is one of the main impacts of COPD. COPD patients often experience
dyspnea and fatigue after doing daily activities using their limb parts, even in simple thing such as lifting or
grooming. Nowadays, many pulmonologists concerned in pulmonary rehabilitation to modify some limb training
with breathing manoeuvre to get positive impact in stable COPD patient.

AIM: The purpose of this study is to examine the impact of this modified upper limb training in lung function,
functional capacity, dyspnea scale, and quality of life in patients with stable COPD.

METHOD: This was a quasi-experimental study held in 2017 on 22 stable COPD patients (based on GOLD 2018
criteria). Patients were given modified upper limb training with breathing manoeuvre that leads and monitored by a
physiotherapist and physician in 10-20 minutes twice a week for 8 weeks. Before and after completed all sessions
of training, we measured pulmonary functions test include FEV1 and FVC, functional capacity by 6 MWT,
dyspnea scale by mMRC, and quality of life by CAT assessment. Statistical analysis was performed by Wilcoxon
and paired t-test.

RESULTS: There was an improvement of lung function, both FEV1 (40.7 + 13.8 to 47.3 + 14.2; p-value 0.001)
and FVC (50.7 = 14.1 to 54.1 £ 14.7; p-value: 0.207) after training. There was a significant change of functional
capacity in 6 MWT mean (277.3 + 80.8 to 319.1 + 78.3; p-value: 0.001). There was an improved quality of life
after training, measured by decreasing in CAT score (23.9 £ 5.5 to 18.3 £ 5.2; p-value: 0.000). There was no
significant change in the mMRC scale (p-value: 0.429)

CONCLUSION: There was an improvement of lung function, functional capacity, and quality of life in stable
COPD after upper limb training with breathing manoeuvre in stable COPD patients.

symptoms.

Exercise tolerance is one of the main impacts
of COPD. Many patients report the limitation of

COPD (Chronic Obstructive of Lung Disease)
is a common disease characterised by persistent
respiratory symptoms and airflow limitations caused
by airway and alveolar abnormalities due to significant
exposure of noxious gases [1]. COPD is a preventable
and treatable disease that challenge physicians to find
new cases and treat patients with early respiratory

exercise that further impacts their quality of life. Some
studies stated that COPD patients often experience
dyspnea and fatigue after doing daily activities using
lower and upper limb parts, even in simple things such
as lifting or grooming [2], [3]. In people with COPD,
there is an increase in metabolic and ventilatory,
particularly in unsupported arm work. During arm
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exercise, the accessory muscles of respiration will
prioritise the arm task than breathing, and it leads to
thoracoabdominal dyssynchrony then aggravate
dyspnea. It also limits the tidal volume in results of
increasing chest wall impedance to maintain the trunk
and move the arms during arm activities [3], [4].

Many studies just concerned on lower body
training to decrease impact in COPD patient, and
there are just little studies that concerned mainly to
upper limb training. However, upper limb training can
improve lung function and functional capacity, then
reduce symptoms and improve quality of life in
patients with COPD [5], [6]. Supported and
unsupported arm training have increased the
endurance capacity and result in reduced
breathlessness in daily life with a patient with COPD
[7]. Upper limb training considered to decrease
dyspnea scale, improve respiratory muscle
coordination, and beneficial adaptations to the
exercise [8]. During exercise, some patients often felt
dyspnea or chest discomfort, particularly at the
beginning of the training session. So, it is needed a
few combinations of training include breathing pattern
such as pursed lips breathing to minimalise the impact
of training in patients symptom during a training
session.

Exercise technique in this study is adopted in
some pulmonary rehabilitation programs. However,
there was no definite pattern of upper limb training
with  breathing manoeuvre pattern has been
conducted. It gives a challenge to pulmonologist
concerned in pulmonary rehabilitation to modify some
upper limb training to get positive impact in stable
COPD patient.

The purpose of this paper is to examine the
impact of this modified upper limb training in lung
function, functional capacity, dyspnea scale, and
quality of life in patients with stable COPD.

Methods

This research was a quasi-experimental study
held in the Department of Pulmonology and
Respiratory Medicine, Faculty of Medicine, Universitas
Sumatera Utara in 2017. This study protocol was
approved by the Ethics Committee of Faculty of
Medicine in Universitas Sumatera Utara.

Participants

Twenty-two participants enrolled in this study
from a patient who came to the Department of
Pulmonology and Respiratory Medicine in General
Hospital of H. Adam Malik, Medan. Sampling was
carried out by consecutive sampling with 22 patients

who matched inclusion criteria and had no exclusion
criteria. The inclusion criteria were stable COPD
patients age 40-80 years and had not been involved in
any exercise program for these two months. The
diagnosis of COPD was established by history,
physical examination, then confirmed by spirometry
examination with GOLD 2017 criteria (FEV{/FVC <
70). The exclusion criteria were patients in
exacerbation state, did not want to follow or had an
irregular exercise program, and had malignancy.

Protocol

After all, the participants had understood the
contents of the study and filling the informed consent;
they were scheduled for a training program. Before
training, they had been given short-acting beta agonist
(Salbutamol 2,5 mg) with a nebuliser, and they were
confirmed in a clinically stable state when they came
to the training program by a physician. First, they
underwent warm up and muscle stretching for
avoiding muscle injury for 10-15 minutes. Then, upper
limb training for 10 minutes leads by physiotherapist
and video prepared before. Upper limb training with
breathing exercises consists of few manoeuvres such
as:

1. Pursed lip breathing with exhaling
while tilting your head towards your shoulder.

2. Bird-like pattern with inhaling while
body straightening, exhale while bending forward to
the bottom.

3. No-way pattern with  pursed-lip
breathing, seeing a movement to left and right
alternately.

4. Shoulder shrug with pursed lip
breathing.
5. Fan-like movement with pursed-lip

breathing, hands are bent together, then turn right and
left.

6. Chicken cuckoo like movements with
rotating the shoulder with hands bent at the shoulder.

7. Vampire-like movement, hands
straight forward while inhaling, then rotating the body
to the right, left, and forwards while exhaling.

8. Calling movement, the hand is lifted,
then touched it downwards, in the opposite direction.

9. Butterfly-like pattern, hands stretched
straight forward then hands stretch.

10. It is cooling down.

This upper limb training held twice a week for
8 weeks. Before and after every session of training,
vital sign measured and there were few physicians for
leading and monitoring patients in the training
program.

The followings were measured before and
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after the training:

1. Lung function was measured by
Forced Expiratory Volume in 1 second (FEV,) and
Forced Volume Capacity (FVC). The GOLD grade
was made based on FEV; that divided into four
categories. GOLD 1 for FEV; > 80%, GOLD 2 for
FEV; 50-79%, GOLD 3 for FEV; 30-49%, and GOLD
4 for FEV, < 30%.

2. Oxygen saturation was measured by
pulse oximetry. Oxygen saturation below 88 indicated
hypoxia in stable COPD patient and needed for
oxygen therapy while training session.

3. Functional capacity was measured by
six minutes walking test (6 MWT). Patients were
instructed to walk as fast as they can for 6 minutes on
the hospital corridor. The patient may take a rest or
decrease their speed if they experienced dyspnea or
chest discomfort, but the timer was not stopped.

4. Dyspnea scale was measured by the
modified Medical Research Council (mMMRC) which
score 2 2 indicates patients have more symptoms.

5. Quality of life measured by the COPD
Assessment Test (CAT) questionnaire. The result =
10 from CAT indicates patients’ quality of life were
impaired.

Statistical Analysis

All the collected data was entered and
analysed by using SPSS (Statistical Package for the
Social Science) for Windows version 16.0. Data was
described in the distribution of frequencies then
analysed using paired T-Test or Wilcoxon Test for
bivariate analysis to know whether there is a
significant change of lung function, functional
capacity, dyspnea scale, and quality of life mean
before and after the upper limb training program.

Results

Total twenty-two patients enrolled in this study
consisted of women and men, age 40-80 years old,
with a diagnosis of stable COPD and adequate
adherence of completed all session of upper limb
training rehabilitation program.

From Table 1, we can see that the majority of
the subject was male in 60-69 years old with severe
index Brinkmann (IB = 600). Based on airway
obstruction, most participants were in grade Il with
FEV; 30-49%. All participants had more symptoms of
COPD with low quality of life, based on CAT score =
10. Most participants had high dyspnea scale from
MMRC that interpret most participants had limitations
in moderate to daily activities.

Table 1: General characteristics of participants in this study

Characteristics N % Mean + SD
Sex
Female 3 13.6
Male 19 86.4
Age 62.9 + 8.56
(Years Old) 40-49 1 45
50-59 6 27.2
60-69 1 59.0
70-79 2 9.0
Brinkman Index 1236 + 954
Mild (< 200) 3 13.6
Moderate (200-599) 3 13.6
Severe( 2 600) 16 72.7
GOLD severity (FEV;) 40.7 £13.8
% 1 (= 80) 0 0
11 (50-79) 6 27.2
111 (30-49) 1 45.4
IV (< 30) 6 27.2
CAT score 239+55
<10 0 0
210 22 100
mMRC
0-1 6 27.3
22 16 72.7

There was an increase of FEV; mean after 8
weeks of upper limb training compared to before
training (40.7 £ 13.8 to 47.3 £ 14.2). It was in line with
the statistical analysis using the Wilcoxon test that
showed p < 0.05, interpret as there was a significant
change of FEV, after 8 weeks of upper limb training.
The same results also happen in FVC that showed an
increased of mean after 8 weeks of training (50.7 +
14.1 to 54.1 = 14.7), but it was not significant in
statistical analysis using paired T-test with p-value >
0.05.

Table 2: Mean and standard deviation of lung function,
functional capacity, dyspnea scale, and quality of life before
and after upper limb training

Characteristics Mean + SD Before Mean + SD P value
training After Training

FEV1 40.7+13.8 47.3+14.2 0.001**

FvVC 50.7 £ 14.1 54.1£14.7 0.207*

6MWT 277.3+80.8 319.1+78.3 0.001*

mMRC 236+12 2109 0.429**

CAT 23.9+55 18.3+5.2 0.000*

*p-value from paired T-test, considered significant if p < 0.05; **p-value from Wilcoxon
Test, considered significant if p < 0.05.

Functional capacity was measured by six
meters walking test (6MWT) that showed significantly
increased of mean after 8 weeks of training (277.3
80.8 to 319.1 + 78.3), and when analysed in statistical
analysis using paired T-test, there was a significant
change of functional capacity with p-value < 0.05.
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Figure 1: Comparison of lung functions between before and after
training

Dyspnea scale could be measured by a few
variables. In this study, we used the mMMRC scale that
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showed slight improvement after 8 weeks of training
although it was not significantly changed in statistical
analysis using the Wilcoxon test with p-value > 0.05.

Quality of life was measured by CAT
guestionnaire, a higher point in the CAT questionnaire
showed the lower quality of life in a patient with
COPD. In this study, there was a decreased mean of
CAT after 8 weeks of training that interprets the
increased quality of life in stable COPD patient.

Discussion

Some studies stated that COPD is a
respiratory disease not only affecting the lungs, but
also giving non-respiratory manifestations, including
skeletal muscle dysfunction with atrophy and
weakness, systemic inflammation, nutritional depletion
and malnutrition, which can contribute to exercise
limitation and affect patients’ function and mobility [5],
[9], [10], [11], [12]. Papaioannou et al. observed that
higher systemic levels of oxidative stress in COPD
patients may contribute to a reduction in the body
mass and fat-free mass indexes, thereby contributing
to impaired exercise capacity [13].

Muscles of the superior part of the thorax and
scapular girdle, which serve for respiratory and
postural functions, have thoracic and extrathoracic
attachment points, such as the inferior/superior
trapezius, latissimus dorsi, serratus anterior,
subclavius and pectoralis major and minor. In COPD
patients with pulmonary hyperinflation, which
frequently occurs, the diaphragm lowers and loses its
capacity to generate force, so that the ribcage
muscles become more important to generate the
inspiratory pressures [14].

Strategies have been used in COPD patients
aiming to improve exercise performance. Pursed lip
breathing is an intuitive technique that frequently
COPD patients adapt to reduce dyspnea during
exertion as a breathing retraining form. This strategy
relieves the dyspnea sensation immediately after
beginning to use the technique and encourages
expiration time during the concentric phase of upper
limb movements. Therefore it seems to be a form of
physical exercise that could minimise the action of the
accessory muscles [15].

COPD is a chronic disease that manifests in
late age, after more than 10 years old insignificant
noxious gases exposure. Long-term inflammation in
airway and lung parenchyma due to free radical and
oxidant in tobacco smoke and other environmental
pollutions lead to subsequent airway and lung
parenchyma damage [16]. Further, there was lung
ageing theory that state lung function will decline

along to increasing age because of structural and
functional change. In elderly, there will be few
changes in alveolar structure that sometimes called
senile emphysema, changes in the chest wall caused
by osteoporosis, stiffness in ribs, and reduced
thickness in intervertebral discus [17], [18]. All these
data related to our study that showed the majority of
participants are in 60-69 years old.

Smoking is the main risk factor for COPD.
The longer and the more of cigarette consumption, the
longer and the greater inflammation will occur in
airway and lung parenchyma. Cigarette smoke and
nicotine can decrease the function of macrophages in
lung, and specific enzymes that serve as energy for
phagocytosis can be suppressed. It also inhibits
mucociliary transport that made the most vulnerable to
infection. Further, the materials in cigarette smoke can
defect the alpha-1 antitrypsin that leads to the
breakdown of elastin, component maintaining the
elasticity of the lung, by neutrophil elastase [19], [20].
In this study the most Brinkman Index Values were
severe (72.7%). This is similar to Ignatius et al.,
reported that COPD patients tend to have a Brinkman
index medium to severe caused by high consumption
of cigarette on patients [21].

From our study, we can see that there was an
improved lung function, including FEV; and FVC,
although FVC was not a significant change. This is
line with Elmorsy study that stated improvement of
FEV; and FVC after 8 weeks of upper limb training,
but not significant in statistical analysis [22] (EImorsy,
2013). Ries et al. found that there was a significant
improvement of lung function include FVC, Residual
Volume (RV), Functional Residual Capacity (FRC),
Total Lung Capacity (TLC), but there was no
significant change of FEV; after 6 weeks of upper limb
training [23]. These inconsistent results caused by
different type of upper limb training manoeuvre and
clinical condition in every participant enrolled in each
study.

In this data, there was no significant change
in the dyspnea scale using the mMMRC questionnaire.
This is in line with McKeough study that stated there
was no significant decrease in dyspnea in patients
with stable COPD after upper limb training [6]. The
same results also stated in Zanchet study that showed
that there was no significant dyspnea improvement
after pulmonary rehabilitation with upper limb
endurance training after 6 weeks of training b session
[24]. Sciriha study in South Europa also found there
was no significant difference after 8 weeks of training
program [25]. In contrast, Lacasse et al. showed a
significant decrease in dyspnea means after 8 weeks
of upper limb training [26]. In meta-analysis study in
China, there was an improvement of dyspnea after
more than 8 weeks of upper limb training, but it was
not a significant change in statistical analysis.
However, when upper limb training is given in shorter
period, 3-8 weeks, there was a significant decrease of
dyspnea, which suggest that short duration of upper
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limb training can reduce dyspnea symptom in stable
COPD patient [27].

Functional capacity is the ability to perform
activities of daily life. An objective assessment of the
functional capacity in this study was the 6 minutes
walking test. There was a significant change of 6
minutes walking test mean after 8 weeks of
intervention in this study (p = 0.001). There is an
increase about of 41.81 + 48.07 meters at the end of
the training session. This is in line with few studies
that showed improvement of functional capacity after
limb training. Finnerty et al. reported an increase of
about 59 meters after receiving 6 weeks of pulmonary
rehabilitation compared to controls [28]. Bendstrup et
al. reported an increase of 6 minutes walking distance
of about 79.8 meters in the treatment group and 21.6
m in the control group (p < 0.001) [29]. Lacasse et al.
conducted a meta-analysis of patients with COPD
who received pulmonary rehabilitation and found the
mean difference in the 6 minutes walking test is an
increase of 55.7 meters and concluded that the
minimum increased is 50 meters [30]. British Thoracic
Society (BTS) recommends a minimum increase of 6
minutes walking test which considered clinically
significant is 54 m [31].

Regular and intensive exercise in COPD wiill
give effect in cardiopulmonary physiology, hormonal
balance, and biochemical part in tissue. In general,
regular exercise can induce oxidative capacity,
decrease ventilation in submaximal workloads, and
decreased oxygen consumption in submaximal
workloads [32]. Exercise can increase the myoglobin
amount in type 1 skeletal muscle fibre that helps the
diffusion of oxygen from the cell membrane into the
mitochondria [33]. All these processes impact the
significant improvement of functional capacity in
stable COPD patient.

Assessment of the quality of life in these
patients also showed significant differences after the
intervention. Participants had a decreased mean in
CAT Questionnaire from 23.9 + 5.5 to 18.3 £ 5.2 that
interpret they had decreased symptoms in daily life. A
multicenter study conducted by James W Dodd in
2011 correlate the CAT assessment before after 8
weeks of training in pulmonary rehabilitation and
showed significant differences in which 162 patients
feel better after pulmonary rehabilitation programs
[31]. Lacasse et al. reported from a meta-analysis that
pulmonary rehabilitation would reduce the symptoms
of breathlessness and improve the activity of patients
with COPD so that the functional capacity and quality
of life also increase [30]. Subin et al., also conclude in
their study that upper limb training can improve quality
of life, although they used a different method to
measure the quality of life, by using CRQ (Chronic
Respiratory Questionnaire) [34]. EImorsy et al., also
stated that there is an improvement of the quality of
life in patients who received upper limb training, and
or without combination with lower limb training [22].
Berry et al, also explained that pulmonary

rehabilitation would increase the maximum oxygen
consumption and maximum work capacity thus
increasing the functional capacity and quality life of
patients with COPD [35]. Aerobic exercise can
improve  pulmonary symptoms by increasing
maximum heart rate and anaerobic threshold in
metabolic level, decreasing airway inflammation and
increasing the usage of the ventilatory reserve [36],
[37]. Besides, regular exercise has social, emotional
and mental effect improvement. Patients can have
more self-confident to control their symptoms in daily
life [38] contribute to an improvement in the quality of
life in patients with stable COPD after the upper limb
training program.

There are some limitations of this study,
include the number of participants and the
methodological used. A small group of participants
can make it was difficult to rule out the personal factor
that could interfere with the result of this study. In the
method, this study did not have a control group so we
could not make the comparison between intervention
study and control group. Dyspnea scale could be
measured in some questionnaire, such as CRQ,
mMRC, and SGRQ (St George Respiratory
Questionnaire), but in this study, we use mMRC to
measure the severity of dyspnea. Besides, we
suggest measuring further parameters of lung function
such as total lung capacity (TLC), residual volume
(RV), maximal Peak Inspiratory Pressure (PImax),
vital capacity (VC), and PEFR (Peak Expiratory Flow
Rate).

From this study, we can conclude that upper
limb training gives a positive impact on stable COPD.
Improvement of lung function, functional capacity, and
quality of life of stable COPD patient after 8 weeks of
training showed significant change. So, upper limb
training must be a part of a pulmonary rehabilitation
program in the comprehensive treatment of COPD.
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