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Abstract

Background: COPD is a crippling and progressive respiratory condition that frequently causes considerable muscular
atrophy, especially in the quadriceps. Weakness in the quadriceps has been associated with decreased muscle strength
which may result in poor quality of life, and a rise in reduced mobility due to the risk of fractures and falls in COPD
patients.

Methods: Thirty-five patients diagnosed with COPD irrespective of gender, over the age of 45 and less than 60 years were
recruited for the study. Patients were divided into control and experimental groups and exposed to five weeks of guided
quadriceps muscle-strengthening exercises. VMO (Vastus Medialis Oblique) exercises and progression exercises were added
to static and dynamic quadriceps exercises for the experimental group. Pre-test and post-test quadriceps muscle strength
were assessed using a 6-min walk distance (6MWD), one-repetition maximum (1RM) and Manual muscle testing (MMT). Data
were analyzed using SPSS software.

Results: Mean age of male COPD patients was 56 and 54.5 years respectively for the control and experimental groups. There
was a statistically significant improvement in quadriceps muscle strength of the experimental group was noted by analyzing
1RM and MMT test data. 6MWD test results showed statistically significant improvement in quadriceps muscle capability to
walk for the experimental group. Hence an improvement in daily living activities was considered as a result of engaging
VOM and progression exercises in the conventional physiotherapy exercise program.

Conclusion: Quadriceps strengthening exercises are effective in improving pain , function , and quality of life in patients
with COPD.

1. Introduction: COPD. Chest tightness, wheezing, and coughing are
further symptoms®,
More than 212.3 million people suffer from Chronic

Obstructive Pulmonary Disorder (COPD), one of the The one-repetition maximum (1-RM) strength test is
most widespread chronic illnesses in the world?. defined as the maximal weight that can be lifted once
Around 3.23 million people die in the world each year by proper lifting technique using a resistance machine.
from COPD, the third most common killer2. It is a lung It can lead to a loss of muscle strength and a fall in
illness that worsens with time and makes breathing lung function®. One of the most important muscles for
challenging. Shortness of breath is the main sign of persons with COPD is the quadriceps, which provide

stability during walking and stair climbing and support
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the knee joint®. Although there is no cure for COPD,
there are medicines that can help manage the disease's
symptoms and its progression®. Strengthening the
quadriceps is one form of treatment & 7. Exercises that
target the muscles in the front of the leg can strengthen
the quadriceps. These workouts can increase the
stamina and strength of the legs. Moreover, they can

enhance walking speed and lessen shortness of breath
8

The one-repetition maximum (1-RM) strength test is
commonly used for strength assessment of people. It is
defined as the maximal weight that can be lifted
by using a resistance machine The 1-RM is regarded as
the gold standard for determining muscular strength
outside of a lab °. The 1-RM test has recently been
utilized to examine the muscle strength assessment in
people with COPD. The test does, however, necessitate
trained personnel and equipment, as well as an
unavoidable time commitment that may hinder its
broad usage in healthcare settings. In the majority of
clinical settings, including physiotherapy clinics, it is
used as a quick and simple technique to generate valid
and reliable muscular strengthening results 1% 11,

Field walking tests are frequently used to assess
exercise ability, determine the prognosis, and gauge
how well a treatment is working 2. A lot of new
material relevant to the administration of the 6-min
walk test (6MWT) has emerged in recent years, and the
body of information describing the strength of
quadriceps based on 6MWT is also available 13 14,

This article will explore the effectiveness of quadriceps
muscle strengthening exercises in people with COPD
as an intervention to improve physical activity levels.
We will examine current evidence and discuss how
these exercises can help reduce symptoms associated
with COPD.

2. Methodology

Subjects

A random sample of 35 patients that visited the
Physiotherapy Department, ...... Hospital, Krishna
Vishwa Vidyapeeth University, Karad, Maharashtra,
India for quadriceps muscle weakness with COPD
problems were selected in the study. Both Male and
female patients of the age group 45-60 years, with
COPD were enrolled for the study. Exclusion criteria
were a significant cardiac disease, diagnosis of cancer,

s p—————— ._.‘._.‘m-.

;Et > M %c u,ﬁ"

pa— M'\..\__

neuromuscular or neurological disorders, severe
arthrosis, or other musculoskeletal limitations that
lessened the testing procedures or exercise training.
Patients which were not interested in the study were
also excluded. Written informed consent was obtained
from all patients included in the study. The study
protocol was approved by the ethics committee of the
hospitals.

Study design

Based on inclusion-exclusion criteria, 32 patients were
included in the study. Patients included in the study
were randomly divided into two groups: control and
experimental. Both groups received therapy five weeks
of guided therapy for three times per week. To prevent
subject interaction between the groups, the treatment
was given to the experimental group on Mondays,
Wednesdays, and Fridays while the control group
received treatment on Tuesdays, Thursdays, and
Saturdays. All patients followed the quadriceps
strengthening exercise program. It included static
quadriceps, dynamic quadriceps exercises for the
control group and VMO (Vastus Medialis Oblique)
exercises, and progression exercises in addition to
static and dynamic quadriceps for the experimental
group. Before and after the training program, pre-test
and post-test evaluation of 6-min walk distance
(6MWD) and one-repetition maximum (1RM) and
Manual muscle testing (MMT) were conducted for
patients.

Walking capacity test: The American Thoracic
Society (ATS) 6MWT standard was used to assess the
walking ability of patients. All patients completed the
6MWT as directed by the ATS in a 40 m indoor, level
hospital corridor under the guidance of a
physiotherapist. Before the walk, each patient received
the same instructions, and the physiotherapist cheered
them on by repeating predetermined phrases every
minute. Throughout the test, the distance traveled was
measured in meters. Throughout the test, patients could
stop and take a break, but they were told to start
walking again as soon as they were ready to do so *°.
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1-RM test: A resistance weight-lifting machine was
used for the 1-RM strength test. All patients were given
instructions on the right technique before the muscular
strength test. Each subject was given brief instructions
to simultaneously extend both knees from a 90° knee
flexion position to a 180° extension while sitting. This
exercises the quadriceps and other thigh muscles. All
participants underwent two load-free familiarization
sessions before the 1-RM testing sessions. With a
random initial load that was increased or decreased in
accordance with the individual's ability to perform a
repetition, the goal of this 1-RM strength test was to
determine the most weight that the person could move
in a single repetition; this could be repeated again with
a 1-minute rest period 6,

Manual muscle testing: Patients were instructed to
side lye while supporting themselves with the
supporting limb. Flexing the lower limb can increase
stability. Hold the test limb with the hip fully extended
and the knee flexed to roughly 90 degrees. The

therapist is positioned at knee level behind the patient.
Test limb is held in place around the thigh by one arm,
with the hand supporting the kneecap. Another hand
supports the leg just above the ankle. The patient was
instructed to extend their knee to its full range of
motion, and the therapist neither helped nor hindered
them 7. The patient’s muscle strength was graded on 5
point scale with grade 1 meaning no movement and
grade 5 meaning can hold test position against
pressure. The sum of all patient scores is multiplied by
twenty to determine the total score out of 100. The
greater a score of each group defines lower muscle
strength in patients.

Statistical analysis: Mean (M), standard deviation
(SD), and t-test were calculated using SPSS software to
assess the difference between pre-test and post-test data
for walk test, 1-RM and muscle strength. The level of
significance was taken as 5%, which means p < 0.05
indicates significant and p > 0.05 is not significant.

3. Results
Enrollment (N=35)
Excluded (N= 3)
Could not meet inclusion criteria
Randomized (N=32)
Allocation
Control group (N=16) Experimental group (N= 16
Follow up
Control group loss (N=0) Experimental group loss (N=0)
Data Analysis
Control group (N= 16) Experimental group (N= 16
Figure 1: Flow chart of study design
Table 1: Gender distribution in Control and Experimental Groups
Gender Control Group (Percent) Experimental Group (Percent)
Male 6 (37.5%) 7 (43.75%)
Female 10 (62.5%) 9 (56.25%)
Total 16 (100%) 16 (100%)
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Table 2: Comparison of age and BMI between Control and Experimental Groups

ediciness

Comparison Gender Control Group Experimental Group
Mean age (years) Male 56.0 54.5
Female 51.5 49.5
Mean BMI Male 31.6 29.2
Female 32.0 32.5
Table 3: Pre-test and post-test comparison of MWD and 1RM in Control and Experimental Groups
Sample Pre-test Post-test p-value
Subjects Test Mean SD Range Mean SD Range
Control 6MWD | 295 543 |50-88 305 590 | 275-317 >0.05
group
1RM 18.85 1.04 16.2-21.2 19.30 1.05 15.9-22.0 >0.05
Experimen | 6MWD 302 6.30 | 52-9.0 345 6.60 | 285-336 <0.05
! 1RM 17.34 1.05 16.5-19.2 23.95 0.91 20.0-26.5 <0.05
Group

Table 4: Pre- test and post- test comparison of muscle strength in Control and Experimental Groups

Sample Pre-test Post-test p-value
Mean | SD Range Mean SD Range

Control group 68.50 | 6.50 52.0-88.8 62.20 5.20 52.5-62.0 >0.05

Experimental group | 65.30 | 7.50 56.2 — 85.2 43.30 7.05 35.0-54.5 <0.05

A total 35 subjects were enrolled for the study. Three
subjects who could not meet the inclusion criteria were
excluded from the study. 32 subjects were randomly
divided into two groups: Control and experimental. All
subjects completed the procedures without any
dropouts (Figure 1).

Demographic data were collected and analyzed. The
percentage of male and female subjects in the control
group was 37.5% and 62.5 in the control and 43.75%
and 56.25% in the experimental group respectively.
The average age of subjects the control group and
experimental group were 56.0 and 54.5 years
respectively. Female subjects of the control group and

experimental group were of comparatively lower
weight, 51.5 and 49.5 years respectively. The BMI of
male subjects of the control group and experimental
group were 31.6 and 29.2 respectively. Female
subjects of both the control and experimental group
had similar BMI, 32.0 and 32.5 respectively (Table 2).

Pre- test and post- test data of the 6MWND test showed a
significant difference in distance traveled by the
experimental group. A statistically significant increase
in weight lifted by subjects of the experimental group
was noted in the 1RM test. was noticed after two weeks
of treatment in both groups. No significant
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improvement was found for 6MWD and 1RM test in
control group (Table 3).

Changes in muscle strength were measured manually
by comparing pre-test and post- test data. A significant
change in the strength of the quadriceps was noticed in
the experimental group only (Table 4).

4. Discussion:

The present study found that the VMO exercises and
progressive resistive exercise along with conventional
therapy resulted in a significant improvement in muscle
strength (IRM and MMT for Quadriceps), and
functional capacity (6MWD). A statistically significant
added effect on the overall strength and capability of
subjects was noted after VMO and progressive
exercises as compared to conventional therapy alone.

Skeletal muscle dysfunction is known to be a prevalent
symptom of COPD patients and may significantly
contribute to morbidity and mortality 8. Exercise
capacity is closely related to lung function, which is the
reason why COPD patients prevent aerobic exercises
19, Skeletal muscle dysfunction along with
inflammation, low levels of anabolic hormones, and
reactive oxygen species is probably caused by
nutritional deficiencies, age, and hypoxia in COPD
patients 2% 2, Patients with COPD have higher levels of
pro-inflammatory cytokines, which usually results in
muscle atrophy 2% 22, These might be responsible for
the reduction in quadriceps strength in COPD patients.
Thus, quadriceps muscle strengthening exercises with
VOM and progressive resistance exercises, may
promote muscle strength and reduce muscle stiffness.
The current study's 1RM and MMT results reveal a
considerable increase in  muscular strength and
capability. Furthermore, COPD patients with the worst
airway obstruction were shown to have the highest
prevalence of quadriceps weakening as measured by
isometric quadriceps maximum voluntary contraction
strength 23 24, Moreover, strength training causes less
dyspnea during exercise than aerobic training, making
it more tolerable 2> 26, The results of the present study
may be a useful example for the rehabilitation of
patients with COPD.

5. Conclusion:

Quadriceps strength measured by a 6MWD, 1RM, and
MMT is useful in predicting the better daily life of
patients with COPD. Five weeks of guided quadriceps
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strength training with VMO and progressive exercises
were found very effective in improving strength,
functional capability, and self-reported health in
patients with COPD.

References

[1] Adeloye D, Song P, Zhu Y, Campbell H, Sheikh
A, Rudan 1. Global, regional, and national
prevalence of, and risk factors for, chronic
obstructive pulmonary disease (COPD) in 2019: a
systematic review and modelling analysis. The
Lancet Respiratory Medicine. 2022 May 1;10
(5):447-58.

[2] World Health Organization 2022. Chronic
obstructive pulmonary disease (COPD) (who.int).

[3] WH Kocks J, Wouters H, Bosnic-Anticevich S,
van Cooten J, Correia de Sousa J, Cvetkovski B,
Dekhuijzen R, Dijk L, Dvortsin E, Garcia Pardo
M, Gardev A. Factors associated with health
status and exacerbations in COPD maintenance
therapy with dry powder inhalers. NPJ primary
care respiratory medicine. 2022 May 26;32
(1):18.

[4] Van Buul AR, Kasteleyn MJ, Chavannes NH,
Taube C. Association between morning
symptoms and physical activity in COPD: a
systematic review. European Respiratory Review.
2017 Mar 31;26 (143).

[5] O’ Hagan P, Chavannes NH. The impact of
morning symptoms on daily activities in chronic
obstructive pulmonary disease. Current Medical
Research and Opinion. 2014 Feb 1;30 (2):301-14.

[6] Troosters T, Probst VS, Crul T, Pitta F, Gayan-
Ramirez G, Decramer M, Gosselink R. Resistance
training prevents deterioration in quadriceps
muscle function during acute exacerbations of
chronic obstructive pulmonary disease. American
journal of respiratory and critical care medicine.
2010 May 15;181 (10):1072-7.

[7] Van Vliet M, Spruit MA, Verleden G, Kasran A,
Van Herck E, Pitta F, Bouillon R, Decramer M.
Hypogonadism, quadriceps  weakness, and
exercise intolerance in chronic obstructive
pulmonary disease. Am J Respir Crit Care Med
2005; 172:1105-1111

[8] Borges RC, Carvalho CR. Impact of resistance
training in chronic obstructive pulmonary disease
patients during periods of acute exacerbation.
Archives of physical medicine and rehabilitation.
2014 Sep 1;95 (9):1638-45.

JCLMM 2/11 (2023) |1727-1732


https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd)
https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd)

ISSN: 2309-5288 (Print)
ISSN: 2309-6152 (Online)
CODEN: JCLMC4

D sl

11@1’1

[9] Zanini A, Aiello M, Cherubino F, Zampogna E, young adult males. J Exerc Physiol. 2002 Aug 1;5
Azzola A, Chetta A, Spanevello A. The one (3):54-9.
repetition maximum test and the sit-to-stand test [17] Cuthbert SC, Goodheart Jr GJ. On the reliability
in the assessment of a specific pulmonary and validity of manual muscle testing: a literature
rehabilitation program on peripheral muscle review. Chiropractic & osteopathy. 2007 Mar
strength in COPD patients. International journal 6;15 (1):4.
of chronic obstructive pulmonary disease. 2015 [18] Swallow EB, Reyes D, Hopkinson NS, Man WD,
Nov 11:2423-30. Porcher R, Cetti EJ, Moore AJ, Moxham J,

[10] Levinger I, Goodman C, Hare DL, Jerums G, Polkey MI. Quadriceps strength predicts mortality
Toia D, Selig S. The reliability of the 1RM in patients with moderate to severe chronic
strength  test for untrained middle-aged obstructive pulmonary disease. Thorax. 2007 Feb
individuals. J Sci Med Sport. 2009;12 (2):310- 1,62 (2):115-20.

316. [19] Saey D, Michaud A, Couillard A, et al.

[11] Ploutz-Snyder LL, Giamis EL. Orientation and Contractile fatigue, muscle morphometry, and
familiarization to 1RM strength testing in old and blood lactate in chronic obstructive pulmonary
young women. J Strength Cond Res. 2001; 15 disease. Am J Respir Crit Care Med 2005; 171:
(4):519-523. 1109-1115.

[12] Holland AE, Spruit MA, Troosters T, Puhan MA, [20] Saey D, Lemire BB, Gagnon P, et al. Quadriceps
Pepin V, Saey D, McCormack MC, Carlin BW, metabolism during constant work rate cycling
Sciurba FC, Pitta F, Wanger J. An official exercise in chronic obstructive pulmonary
European Respiratory Society/American Thoracic disease. J Appl Physiol 2011; 110: 116-124.
Society technical standard: field walking tests in [21] Palange P, Ward SA, Carlsen KH, et al.
chronic respiratory disease. European Respiratory Recommendations on the use of exercise testing
Journal. 2014 Dec 1,44 (6):1428-46. in clinical practice. Eur Respir J 2007; 29: 185-

[13] Gruet M, Peyré- Tartaruga LA, Mely L, Vallier 209.

JM. The 1-minute sit-to-stand test in adults with [22] Gosselink R, Troosters T, Decramer M.
cystic fibrosis: correlations with cardiopulmonary Peripheral muscle weakness contributes to
exercise test, 6-minute walk test, and quadriceps exercise limitation in COPD. Am J Respir Crit
strength. Respiratory Care. 2016 Dec 1,61 Care Med 1996; 153: 976-980.

(12):1620-8. [23] Seymour JM, Spruit MA, Hopkinson NS, et al.

[14] Cruz-Montecinos C, Guajardo-Rojas C, Montt E, The prevalence of quadriceps weakness in COPD
Contreras-Bricefio F, Torres-Castro R, Diaz O, and the relationship with disease severity. Eur
Cuesta-Vargas A. Sonographic measurement of Respir J. 2010;36 (1):81-88.
the quadriceps muscle in patients with chronic [24] Nerkar SK, Arora R, Writer H. Effect of Lower
obstructive pulmonary disease: functional and Limb Strengthening Exercises on Stair Climb
clinical implications. Journal of Ultrasound in Power Test and 6 Minute Walk Test in COPD
Medicine. 2016 Nov;35 (11):2405-12. Patients.

[15] Gibbons WJ, Fruchter N, Sloan S, Levy RD. [25] Bernard S, LeBlanc P, Whittom F, et al.
Reference values for a multiple repetition 6- Peripheral muscle weakness in patients with
minute walk test in healthy adults older than 20 chronic obstructive pulmonary disease. Am J
years. Journal of Cardiopulmonary Rehabilitation Respir Crit Care Med. 1998;158 (2):629-634.
and Prevention. 2001 Mar 1;21 (2):87-93. [26] Kongsgaard M, Backer V, Jargensen K, Kjaer M,

[16] Dohoney PA, Chromiak JA, Lemire DE, Abadie Beyer N. Heavy resistance training increases

BR, Kovacs CH. Prediction of one repetition
maximum (1-RM) strength from a 4-6 RM and a
7-10 RM submaximal strength test in healthy

muscle size, strength and physical function in
elderly male COPD-patients—a pilot study.
Respiratory medicine. 2004 Oct 1;98 (10):1000-7.

JCLMM 2/11 (2023) |1727-1732



