Access this article online
Quick Response Code:

Website:
https://eurasianjpulmonol.org
DOI:
10.14744/ejp.2023.3003

Department of
Physiotherapy and
Rehabilitation, University of
Health Sciences, Kartal Dr.
Ltfi Kirdar City Hospital,
istanbul, Tiirkiye,
'Department of
Physiotherapy and
Rehabilitation, University of
Health Sciences, Hamidiye
Faculty of Health Sciences,
istanbul, Tiirkiye

Address for
correspondence:

Dr. Omer Hekim,
Department of
Physiotherapy and
Rehabilitation, University of
Health Sciences, Kartal Dr.
Lutfi Kirdar City Hospital,
istanbul, Tirkiye.

E-mail:
omerfarukhekim@gmail.com

Received: 21-03-2022

Revised: 15-04-2022
Accepted: 12-03-2023
Published: 18-05-2023

80

Systematic Review

Effects of one-leg exercises in
rehabilitation of chronic obstructive
pulmonary disease: A systematic review

Omer Hekim, Esra Pehlivan'

ORCID:
Omer Hekim: 0000-0002-7977-6797
Esra Pehlivan: 0000-0002-1791-5392

Abstract:

BACKGROUND AND AIM: Many patients with chronic obstructive pulmonary disease (COPD)
experience little or no increase in VO2peak levels with pulmonary rehabilitation because their ex-
ercise capabilities are too respiratory-limited to reach an intensity high enough for physiological
training. This study aims to investigate the effects of one-leg exercises on the cardiopulmonary
system and whether they can find a place in pulmonary rehabilitation for individuals with COPD.

METHODS: Six major databases were searched up to December 2021 without imposing re-
strictions on publication date, gender, or age. Citations were accepted if they discussed one-leg
strengthening or aerobic exercises in patients with chronic obstructive pulmonary disease. After
reading the full texts, nine papers met the inclusion criteria and were included. Eight of these
studies were randomized controlled studies, and one was a prospective cohort study.

RESULTS: In total, 169 subjects including healthy participants were observed. There is insuf-
ficient evidence to state that one-leg exercises have the potential to increase VO2peak levels in
patients with COPD more than traditional pulmonary rehabilitation options. Perceived dyspnea
severity is lower, and leg fatigue is higher in one-leg exercises compared to two-leg exercises.
The total work done by individuals with COPD during one-leg exercises was found to be close to
that of healthy individuals.

CONCLUSIONS: We think that the possible potential of one-leg exercises focusing on a smaller
muscle group can eliminate exercise-induced respiratory and cardiac stress and, therefore, may
be included in pulmonary rehabilitation for patients with COPD.
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function, decreased

Introduction cardiorespiratory
fitness, and multi-organ involvement.!?

hronic obstructive pulmonary dis- Dysfunction in extremity muscles is one
ease (COPD) is a global health prob-

lem characterized by physical activi-

ty-induced dyspnea, impaired muscle

of the most important problems causing
exercise intolerance, a decrease in quality
of life and physical activity, and increased

How to cite this article: Hekim O, Pehlivan E. Effects of One-Leg Exercises in Rehabilitation of Chronic Obstructive
Pulmonary Disease: A systematic Review. Eurasian J Pulmonol 2023;25:80-88.

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCom-
mercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as
appropriate credit is given and the new creations are licensed under the identical terms.

For reprints contact: kare@karepb.com

© 2023 Eurasian Journal of Pulmonology Published by Kare Publishing



Hekim and Pehlivan: One-leg exercises in COPD

mortality in individuals with COPD.B! Cardiorespiratory
fitness, which can be defined as peak oxygen uptake
(VOZPeak), is recognized as a well-defined predictor of
health status and the risk of mortality.*! Pulmonary reha-
bilitation is recommended for COPD patients within one
month following an acute exacerbation due to its bene-
fits in improving shortness of breath, exercise tolerance,
cardiorespiratory fitness, and health-related quality of
life.*l However, many patients with COPD experience
little or no increase in VO, , because their exercise capa-
bilities are so respiratory-limited that they cannot reach
an intensity high enough for physiological training.”#l
VO,,., is affected by pulmonary diffusing capacity, max-
imal cardiac output, the oxygen carrying capacity of the
blood, and skeletal muscle characteristics.””’ Peripheral
airway limitation, a feature of COPD, progressively traps
air during expiration, causing hyperinflation."”! This hy-
perinflation may cause pulmonary hypertension due to
the loss of vasculature resulting from hypoxic vasocon-
striction of the small pulmonary arteries. Hyperinflation
and pulmonary hypertension both affect lung diffusion
capacity, causing it to decrease. Due to the character-
istic features of COPD, VOZPeak exposure can be consid-
ered one of the important problems in patients in terms
of both endurance and quality of life."! The cardiores-
piratory system is the primary determinant of VO, "
and improving cardiorespiratory fitness may have posi-
tive effects on VO, . Exercises performed with one leg
have been shown to increase cardiorespiratory fitness,!?
increase insulin sensitivity locally,* potentially increase
blood flow velocity,'” and gene expression!' in both the
contralateral and ipsilateral extremities, and decrease
sympathetic system activity!"”! in healthy individuals.

Itis believed that one-leg exercises focusing on a smaller
muscle group can eliminate exercise-induced respira-
tory and cardiac stress and, therefore, have a place in
pulmonary rehabilitation for COPD patients.>151% The
aim of this study is to answer the following question:
Are one-leg exercises effective in the rehabilitation of
COPD patients?

Materials and Methods

Six databases, including PubMed, PEDro, Cochrane Li-
brary, YOKTEZ, TrDizin, and Dergipark, were searched
using the combinations of the keywords “one legged,
one leg exercise, single leg” and “COPD, chronic ob-

structive pulmonary disease” up to December 2021. We
did not impose restrictions on publication date, gender,
or age. Studies in English and Turkish were reviewed. In
the search, the title, abstract, and keyword fields were ex-
amined. Articles in the references of the included studies
were also subsequently reviewed.

After selecting the relevant literature, members of the
study group rated the studies for levels of evidence and
quality according to Table 1.

Eligibility criteria

Since the number of studies on this subject is very limited,
we examined studies investigating one-leg strengthening
exercises or one-leg aerobic exercises without being se-
lective among study types. Inclusion criteria: Studies on
individuals over 20 years of age with a spirometry-con-
firmed diagnosis of COPD;*?2 studies examining one-leg
strengthening or one-leg aerobic exercises. Exclusion cri-
teria: Studies that included a population diagnosed with
COPD with a history of pulmonary surgery or with an-
other respiratory disease such as asthma were excluded.
Studies that performed one-leg balance exercises were
also excluded. In addition, letters to the editor, conference
summaries, duplicate studies, studies with a design that
did not fit the purpose of this review, and studies that did
not clarify the interventions used were excluded.

Results

A total of 317 studies were found in the searches, and af-
ter eliminating repetititve studies and those that did not
contain keywords, 74 studies were analyzed. After read-
ing the full texts, eight studies met the inclusion criteria.
From the references of the included studies, one addi-
tional study was included, and a total of nine studies met
the inclusion criteria [Fig. 1]. These studies examined 169
participants, including healthy controls. The main re-
sults of the nine studies reviewed are shown in “Table 2”.

Studies Implementing Rehabilitation with One-
Leg Exercises

In a prospective study published by Dolmage et al.®! in
2008, patients with COPD were included in a pulmonary
rehabilitation program for 21 sessions (30 minutes, 3
days/7 weeks), which was divided into two groups of
two-leg and one-leg cycling exercise. It was shown that
those who performed one-leg cycling had better results
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Table 1. Methodological quality rating of included studies

Level of evidence Interventional studies

Diagnostic accuracy studies

Al Systematic reviews
Meta-analysis
A2 Randomized, double blind trial with good study quality
B Clinical trial but without randomization or poor study quality
C Non-comparative studies
D Expert opinion

Index test compared to reference test (reference standard);
cut-offs were defined a priori; independent interpretation of
test results; all patients received both tests

Index test compared to reference test, but without all the
features mentioned for level A2

Case-control studies

in terms of VO, ,, peak ventilations per minute, lower
heart rate, and the number of ventilations than those

who performed two-leg cycling.

In the study published by Bjergen et al. in 2009, patients
with COPD undergoing pulmonary rehabilitation with
hyperoxic oxygen support (65% O,, 35% N,) in one group
and without oxygen support (normoxic) in the other
group were compared with 24 sessions (3 days/8 weeks)
of one-leg exercises. They showed that high-intensity
interval training with one-leg cycling exercise increased

In another study conducted by Brenstad et al.,” in
which patients with COPD were compared to healthy
individuals, patients with COPD underwent 18 ses-
sions (3 days/6 weeks) of one-leg knee extensor exer-
cise and high-intensity intermittent exercise training.
Compared to pretreatment, patients experienced a
significant increase in aerobic endurance, peak quadri-
ceps muscle oxygen uptake (VO, ), and maximal
mitochondrial respiration. They found no difference
in maximal respiration after treatment and compared
with controls, indicating normally functioning mito-

VO, independently of oxygen supplementation. chondrial complexes.
Flow chart
Pubmed PEDro Cochrane Yoktez TRDizin Dergipark
[ [ [ [ [ [ [
Citations found 82 4 0 0 0 0
[ [ [
Dublicates 0 4
[ [ [
Excluded after
title and
abstract 56 0
reading
[ [ [
Selected 26 0
[ [
Excluded
after full text 18
reading™
[ [
Included 8"

Figure 1: Flow chart
*: The ninth study included was obtained from the references of the studies in which the full text was read, **: The articles were excluded based on the inclusion and exclusion criteria described in the
methods section.
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In the study conducted by Evans et al.* in 2015, which
investigated the effects of one-leg cycling exercise in pa-
tients with COPD, participants underwent 18-24 sessions
(30 minutes, 3 days/6-8 weeks) of one-leg cycling exercise,
daily walking, lower and upper extremity strengthening
exercises (3 days/week), breathing exercises for half an
hour daily, and a 1-hour daily self-management program.
It was shown that the participants’ VO, , values in-
creased by an average of 8%, their 6-minute walking dis-
tance was 72 meters on average, and their quality of life
scores increased by 1.6 points compared to pre-treatment.

Studies Investigating the Effects of One-Leg
Exercises

In the study published by Richardson et al.'® in 2004, indi-
viduals with COPD and healthy controls were compared.
They performed cardiorespiratory testing on both groups
during both one-leg extensor exercise and two-leg cycling
exercise. They found that VO, , (control: 0.63+0.1, COPD:
0.37+0.1) and total work done during two-leg exercises
were 128% greater in healthy controls. The difference in
VO, levels between groups disappeared during one-leg
extensor exercise. They found Type one muscle fiber area
to be less in COPD participants compared to the control
group, whereas type two (especially type two mixed) mus-
cle fiber was found to be 2.5 times higher in COPD patients
compared to healthy individuals. They also stated that the
participants felt less dyspnea during one-leg exercises.

In the study published by Dolmage et al.” in 2006, which
compared individuals with COPD and healthy individu-
als, they divided the participants into three groups. They
applied both one-leg and two-leg incremental cycling
exercise tests to the first group, cycling exercise test for
both one leg and two legs at constant power to the sec-
ond group, and one-leg and two-leg cycling exercise tests
at both incremental and constant power to the third group
(healthy individuals). They found that VOzpeak values (dif-
ference: 0.03L/min), ventilation rate, and dyspnea scores
were similar when the incremental one-leg and two-leg
exercise tests were compared in individuals with COPD.
They showed that patients with COPD who were subjected
to the constant power one-leg exercise test showed “16.97
minutes” more endurance than the two-leg exercise test.

In another study, Mercken et al.'”! compared COPD pa-
tients and healthy individuals in 2009 in terms of sys-
temic and pulmonary oxidative stress after a submaximal

one-leg cycling exercise test. They found that total exer-
cise time was shorter in individuals with COPD. Since an
increase in interleukin-6 (IL-6) and tumor necrosis factor
alpha (TNF-a) levels was not observed in both groups,
they thought that systemic inflammation was not in-
duced. They showed that urinary malondialdehyde and
uric acid levels increased in COPD patients, while ery-
throcyte oxidized glutathione and low glutathione lev-
els also tended to increase after exercise compared to the
control group. Therefore, they thought that it indicated
that pulmonary and systemic oxidative stress increased
during one-leg exercises in patients with COPD.

In the study published by Iepsen et al.! in 2018, they
compared the muscle adrenergic response and adenosine
triphosphate (ATP) induced vasodilation during the one-
leg exercise test of COPD patients with healthy individuals.
They found that leg blood flow and leg vascular conduc-
tance (leg blood flow /femoral artery pressure) decreased
in patients with COPD. They found that tyramine injection
decreased leg vascular conductance in both groups. They
showed that ATP infusions provided dose-dependent va-
sodilation and there was no difference between the groups.

In the study published by Ribeiro et al.?! in 2019, they
evaluated cardiorespiratory responses, quadriceps oxy-
genation, and muscle fatigue by comparing individuals
with COPD and the control group during one-leg isoki-
netic endurance exercise. They found the mean total work
done tobe “0.87 k]” less in COPD patients. They found no
difference between the groups in terms of VO,,... peak
ventilations per minute, cardiac output, and heart rate.
They found that quadriceps deoxyhemoglobin increased
by 47% during exercise in individuals with COPD, and
this increased rate was 33% in healthy individuals. The
fatigue index was also found to be higher in individuals
with COPD than in the control group.

Discussion

One-leg exercises may have the potential to increase
VO, levels in patients with COPD more than pul-
monary rehabilitation, which includes widely used two-
leg cycling exercises.®*! Perceived dyspnea severity
is lower, and leg fatigue is higher in one-leg exercises
compared to two-leg exercises.>#% The total work done
by individuals with COPD during one-leg exercises was

found to be close to that of healthy individuals.®!
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According to our findings, one-leg exercises may de-
crease the number of ventilations, perception of dyspnea,
and cardiac load in individuals with COPD. This enables
them to maintain their localized muscle functions more
without reaching the exercise limits as cardiorespiratory.
Conventional whole-body exercise uses relatively large
muscle mass and therefore puts stress on the central
ventilation system in patients with COPD.™ In one-leg
exercises, patients can use their muscular endurance at
higher limits and exercise with a higher workload with-
out being restricted by the respiratory system.

In the study published by Dolmage et al. in 2008, they
compared two-leg cycling exercise with one-leg cycling
exercise in COPD patients, and there is evidence that
one-leg cycling enhances the adaptive response of pe-
ripheral muscles. The one-leg cycling treatment group
has an increase in VO,,... peak power, peak ventila-
tion, and a decrease in submaximal heart rate compared
to the two-leg cycling group.”® They provide evidence
that one-leg cycling improves the adaptive response of
peripheral muscle and produces an increase in VO,
peak power values, and peak ventilation, and a decrease
in submaximal heart rate compared to two-leg cycling.

The fact that the submaximal heart rate is lower than that
in two-leg exercises suggests that it is possible to increase
VO,,.., levels more effectively by exercising before reach-
ing the limits of the cardiorespiratory system. However,
the COPD stages of the individuals participating in the
study were not specified, making it difficult to deter-
mine which groups can benefit from one-leg exercises,
although there was no difference between the groups. It
may be appropriate to include one-leg exercises in the
rehabilitation program, especially in patients with more
cardiorespiratory limitations in the clinic, because one-
leg cycling exercise results in less dyspnea,l' a lower
submaximal heart rate,” and workload that can be
achieved close to that of the traditional method.™!

During dynamic exercises involving large muscle mass,
maximum oxygen uptake (VOzpeak) is primarily limited to
the O, delivered to the working muscles. However, only
“~2.5-6.0 kg” active skeletal muscle mass works during dy-
namic exercises involving small muscle mass such as one-
leg extension exercise or arm cycling.””! Maximum cardiac
output cannot be reached, and O, delivery cannot limit
muscle volume of oxygen uptake (VO,). Therefore, more

than twice the O, delivery per unit muscle mass is observed
during one-leg exercises compared to conventional cycling.
However, muscle mass-specific VO, increases by 70% 1281
The primary mechanism by which one-leg endurance train-
ing increases O, consumption is thought to be an increase
in muscle oxidative capacity, which enables more efficient
O, diffusion from capillaries to mitochondria. It is thought
that one-leg exercise can efficiently improve exercise capac-
ity and O, consumption by improving mitochondrial pro-
teins.”! According to the mechanism described above, the
use of one-leg exercises that can be performed before reach-
ing maximum cardiac output in patients with COPD can
provide more efficient O, diffusion in local small muscle
groups, prevent possible muscle fiber type changes!'® and
muscle dysfunctions, and increase the functional capacity
and quality of life of the person in daily life.

VO,,., is primarily limited by the cardiovascular system,
but skeletal muscle oxidative capacity can also affect
VOzpeak.I"] Increasing cardiac output and skeletal mus-
cle oxidative capacity play a decisive role in increasing
VO2loeak with aerobic exercise. However, it is difficult to
fully reveal the effect of the oxidative capacity of skeletal
muscle on VO, as cardiac output often limits exercise
capacity.” This limitation can be demonstrated with
one-leg exercises because they can be performed without
being limited by the cardiovascular system.

One-leg exercise increases quadriceps muscle mass and
oxidative muscle phenotype, which means it increases
the number of slow and fast-twitch fibers and decreases
the number of hybrid fibers.”! It has been shown that
while the number of slow and fast-twitch fibers de-
creases in COPD patients, the number of hybrid fibers
increases 2.5 times compared to healthy individuals.!®!
One-leg quadriceps isokinetic endurance exercise has
been shown to lead to greater muscle load with mus-
cle deoxygenation and a higher muscle fatigue index in
COPD compared to healthy controls.”! Therefore, more
muscle loading in one-leg exercises can increase the pro-
liferative effects on muscle fibers and positively affect
peripheral muscle strength in COPD. However, no com-
parison was made between two groups with COPD in
any of the studies reviewed in the literature, so it is not
possible to compare two-leg cycling exercise and one-leg
cycling exercise in terms of their effects on the muscular
system. By reducing the number of hybrid fibers and in-
creasing the oxidative capacity of the muscle and chang-
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ing muscle fiber types with one-leg exercises, it may be
possible to treat or prevent peripheral muscle dysfunc-
tion, which is common in patients with COPD.

The current research shows that in some of the stud-
ies examined, the stages of COPD (Global Initiative for
Chronic Obstructive Lung Disease-GOLD) were not
provided. In studies that described the stages of COPD,
mostly stage 2 and stage 3 COPD patients were included.
In the study conducted by Ribeiro et al.”®! patients with
stage 2, 3, and 4 COPD were included. However, con-
sidering the intervention method, one-leg exercises may
provide better results as the increased amount of dys-
pnea and cardiorespiratory limitation may make it dif-
ficult to perform bipedal cycling exercises in more ad-
vanced stages of COPD. In future studies, the results of
separating the stages of COPD should be examined.

Another common cause of peripheral muscle dysfunc-
tion in patients with COPD may be chronic inflammation
and oxidative stress.” In their study published by Mer-
cken et al.,™! they showed that plasma inflammatory cy-
tokine levels did not change during the one-leg exercise
test and did not induce systemic inflammation. However,
COPD patients showed an increased systemic oxidative
stress response after one-leg exercise compared to control
subjects, indicating that one-leg exercises did not induce
systemic inflammation to the same extent while increas-
ing oxidative stress.” It is thought that systemic inflam-
mation may be induced in COPD patients because the
antioxidant system cannot respond to increased free rad-
icals and oxidative stress. Therefore, patients with COPD
may produce an adequate antioxidant response in the re-
habilitation program applied with one-leg exercises.

Age, blood pressure, and thoracic aortic calcification are
associated with increased arterial stiffness in patients
with COPD.EY In healthy individuals, it has been shown
that one-leg stretching exercises reduce the arterial diam-
eter in the stretched leg, while they do not change the
blood flow velocity and shear force. During relaxation, it
was observed that while the arterial diameter returned to
its original state, blood flow velocity and shear stress in-
creased. One-leg exercises also increase blood flow veloc-
ity and amount in the contralateral extremity."™ One-leg
exercise improves insulin sensitivity for glucose uptake in
the exercised muscle. One-leg exercise to local fatigue re-
duces the rate of whole-body glucose infusion compared

to rest. This is because glucose uptake is decreased on the
non-exercise side."!! For these reasons, one-leg exercises
or exercises performed with small muscle groups until
fatigue increases regional blood flow and glucose uptake
to the tissue. Thus, focusing on a single area or muscle
can allow for more effective restoration of function.

Limitations

The use of one-leg exercises in patients with COPD,
which is the subject of this study, has gained attention in
recent years, and the number of studies conducted on this
subject is very limited. In addition, the small sample size
in the studies may affect the accuracy of the results. The
application form of one-leg exercises varies, such as cy-
cling, isokinetic, and extension exercises. Although bicy-
cle ergometry was used in studies with a pulmonary re-
habilitation program, the use of different exercise types in
our other findings may affect the accuracy of the results.

Conclusion

Despite being a localized exercise, one-leg exercises im-
pose high demands on the cardiovascular and respira-
tory systems and elicit high muscle deoxygenation re-
sponses and a high degree of muscle fatigue in COPD.
However, since the methodology and sample sizes of the
studies were not sufficient and COPD stages were not
examined in detail, the results cannot be applied to the
general population. This should be considered when
designing the best exercise training strategy for patients
with COPD. As a result, there is a need for new studies
with larger sample groups and long-term results in this
type of exercise, which has the potential to provide posi-
tive results in COPD patients.
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