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Abstract

Objective: The aim of the current research was to evaluate the efficiency of upper-limb aerobic
exercise (arm ergometry) in improving pulmonary function in Down syndrome children.

Methods: This study included thirty Down syndrome children (boys and girls). All participants were
randomly separated into two groups of equal size (A and B). Group A received traditional chest
physical therapy while Group B received an arm ergometer training program. A discovery spirometer
was used to assess pulmonary functions both Forced Expiratory Volume (FEV1) and Peak Expiratory
Volume (PEV) was measured.

Results: There were no significant differences between the two groups before the treatment program in
all of the evaluated parameters. Post-treatment data’s showed significant improvements in group B
compared to group A (P<0.05).

Conclusion: Based on the findings of this study, it can be stated that the arm ergometry training
program which used in this study is an effective therapeutic program that can be used to improve

pulmonary functions in children with Down syndrome.
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Introduction

Down Syndrome (DS) is one of the most predominant
chromosomal abnormalities, occurring in one out of each 800
births [1,2]. DS comprises a series of congenital disabilities
such as mental retardation, obesity, typical facial features, heart
disorders, pulmonary infections, visual ailment, and numerous
other health difficulties [3,4] .

Physical impairments typically associated with DS, including
muscle weakness, circulatory and pulmonary anomalies were
proposed to explain their low level of physical efficiency [5].
Heart defects, lung hypoplasia, hypotonia, and narrow nasal
and oral cavities are among the anatomical changes linked to
DS, which can restrict their pulmonary function [6].

Among children with DS, cardiopulmonary problems are the
principal source of illnesses and hospitalization [7,8]. Chronic
lung infections, middle ear infections, and persistent tonsillitis
are also more common in DS children [8]. Children with DS
who do not suffer from pulmonary anomalies, inherited heart
defects, and endocrine defects are typically experienced
restriction in their normal daily work routine. These children
struggle with simple tasks when compared to their peers who
are normal [9-11].
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Children with DS are more prone to getting pulmonary
dysfunctions. It occurs due to several causative aspects,
including immunological failure, poor muscle tone, and
respiratory muscle neurological dysfunction that contribute to
low capacity with reduced ventilatory pump. Immune
dysfunction may potentially have a part in the increased
incidence of respiratory issues found in DS patients [12].
Pulmonary function tests provide an objective evaluation of
pulmonary function and are essential in determining the impact
of cardiopulmonary disease pathology and treatment outcomes
[13]. A vital part of pulmonary rehabilitation is chest physical
therapy. Treatment frequency must be adjusted to the
seriousness of the disease and the condition of the airway
secretions [14]. Respiratory problems are associated with
developmental, musculoskeletal, or ventilatory  pump
impairment. Pulmonary rehabilitation aids in the restoration or
maintenance of cardio-respiratory functions in DS patients
[15]. Upper and lower limb aerobic exercise activities are
essential components of any pulmonary rehabilitation
interventions. Aerobic training is essential for pulmonary
rehabilitation because it helps patients with chest diseases
enhance their functional capability [16,17]. Aerobic
activity involves treadmill walking, swimming, arm ergometer
training, and climbing stairs, cycling, running, and rowing [18].
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In patients with DS, a mixture of gradual strength and
aerobic exercise can significantly influence physical
performance than aerobic exercise by itself [5].

Traditional chest physical rehabilitation includes respiratory
exercises, postural drainage, therapeutic percussion, and
aerobic exercise, which assist the patients in enhancing their
life quality, improving their ability to conduct everyday tasks
safely, and reducing the usage of pharmacological medicine
[19]. This research evaluated the effectiveness of upper-limb
aerobic training in DS children.

Materials and Methods

Study design

A single-blind, randomized clinical trial was conducted at the
National Institute of Neuromotor System and Badr university in
Cairo.

Randomization

49 children with DS were chosen for our study; 12 did not
match the eligibility criteria and were excluded, and 3 refused
to participate. Participated children were randomly allocated to
any of the two groups after baseline measurements: A or B.
The children were given a number in order from 1 to 30. After
that, 17 children were randomized to each category at random
using online graph pad software. Researchers responsible for
evaluations were blinded to participants’ allocation. Figure 1
depicts the experimental design.
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Figure 1. Children flow diagram.
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Participants

Thirty DS children (19 boys and 11 girls) of both genders were
able to comprehend and follow directions. The participants' age
ranged from ten to fourteen years.

Children could not participate if they had any of the
following conditions. 1: Anomalies of the vasculature. 2:
Participating in sports of any kind. 3: Moderate to severe
asthma.

Before gathering the data, the goals, techniques, and benefits
were carefully described to the children's parents. Parents
were offered the option of providing a written agreement
for their children to participate in the contemporary
research.

The declaration of Helsinki criteria for human studies was
followed throughout this study. The faculty of physical
therapy, Cairo university ethics review board, gave their
approval to the project and it was registered at clinicaltrail.gov
with registration number: NCT05068570.

Outcome measures

Discovery spirometer-model: Discovery MPN: C09020-022-
99 country/region of manufacture (United States) was used to
test pulmonary functions, discovery spirometer was used to
measure forced expiratory volume after 1 second "FEV1" and
Peak Expiratory Flow Rate "PEFR" pre and post- treatment for
14 weeks at 3 times per week.

Weight and height scale: It was used to determine the child's
weight (in kilograms) and height (in centimeters), which are
required for the "discovery spirometer" to function properly.

Interventions

Group A received a respiratory physical therapy protocol that
included respiratory exercises and incentive spirometer training
for 30 minutes/session.

In contrast, Group B received an arm ergometry training
protocol (the Magneciser pedal exercise, model 803, from
the United States, was used). The following protocol was
applied, as shown in Table 1 [20].

Weeks Description

1-4 The children in this group were taught to cycle at a pace of 15-25 cycles per minute
without resistance for 2 minutes of exercise followed by 1 minute of rest for a total
of up to 10 minutes.

5-9 For a total of up to 12 minutes, children in this group were trained at a pace of 25-
35 cycles per minute without resistance for periods of 2 minutes of exercise
followed by 1 minute of rest.

10-14 For a total of up to 14 minutes, children in this group were trained at a pace of 35-

45 cycles per minute without resistance for periods of 2 minutes of exercise
followed by 1 minute of rest.

Table 1. Arm ergometer training protocol (Group B).
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5 minutes before beginning the exercise and for 5 minutes after
they're finished: as thoracic mobility exercises and stretching
exercises for the upper and lower extremities were used to
warm up and cool down. Both groups were trained four days a
week for 14 weeks.

Study sample

The pre-study sample size calculation was completed through a
pilot study via G*power statistical software (version 3.1.9.2;
Franz Faul, University of Kiel, Germany). For means
differences between two independent means (two groups),
a=0.05, p=0.2 and large effect size=0.46 was revealed that the
appropriate sample size for this study was not less than 24
children. We recruited up to 34 children to account for the
possible withdrawal rates.

Statistical analysis

The general attributes between groups were evaluated through
the t-test, mean, and standard deviation. The comparison
between pre and post-scores within and between groups was
analyzed wusing paired and unpaired t-test. Statistical
significance was detected as (P<0.05). All statistical
computations were performed using the computer program
SPSS (IBM SPSS, Chicago, IL, USA) version 20.

Results

There were no significant differences in the demographic data
between both groups as shown in Table 2 between the two
groups (p<0.05).

Subject characteristics Mean + SD P-value
Agelyear Group A 11.6+1.3

Group B 114+1.1 0.1272
Weight/Kg Group A 29.8+2.6

Group B 30.1+£25 0.3742
Height/m Group A 1.35+0.035

Group B 1.38 +0.022 0.453?

Table 2. Subject’s data (Group A), (Group B). SD: Standard Deviation and p-value stands for the degree of significance in a t-test.

a: Comparison between groups.

The pretreatment results of this study showed that there were
no significant differences (p>0.05) in all measured parameters
among both groups of patients in the pulmonary functions as
indicated in Table 3 which revealed that both groups were
matched in the measured variables at the start of the study and
the pulmonary functions (FEV1, and PEFR) were below the
predicted values for these patients in relation to their ages,

weights and heights. The post treatment findings showed that,
there were enhancement in both groups of the participants’
pulmonary function "FEV1, PEFR" represented by significant
differences between the pre-treatment and post-treatment
pulmonary functions after 14 weeks as indicated in Table 3
(p<0.05).

Pre- treatment Pa-value Post-treatment Pa-value Pre vs. Post

Group A Group B Group A Group B Group A Group B

Mean + SD Mean + SD Mean + SD Mean + SD Pb-value Pb-value
FEV1 (L) 1.213 +0.10 1.198 + 0.09 0.198 1.35+0.08 1.4 +£0.03 0.008 0.065 0.003
PEFR (L/Min) 181.5+11.2 179+11.18 0.41 181.5+11.2 187+11.6 0.047 0.058 0.006

Table 3. FEV1 (L) and PEFR (L/min) statistical analysis for both groups. SD: Stands for Standard Deviation; P-value: Stands for the
level of SD; p-value stands for the level of significance; a: Comparison between groups, b: Comparison within groups.

Discussion

The effectiveness of arm ergometry training and respiratory
physical therapy in improving pulmonary function in DS
children was examined in this study. In the pre-treatment
outcomes of this investigation, there were no significant
differences between both groups of patients regarding lung
function. As a result of these findings, both groups started the
experiment with equal measurements and lung functioning. The
participants pulmonary functions were lower than expected for
their ages, weights, and heights.
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Improved post-treatment results in Group A may be due to
increased alveolar ventilation and decreased dead space
ventilation [21]. It may also be due to the strengthening of
respiratory muscles that was proven by Rutchik et al. who
concluded that an improvement in pulmonary function and a
decrease in dyspnea were most likely due to the strengthening
of respiratory muscles. Also, Darnley et al. stated that
strengthening respiratory muscles improves exercise ability
and alleviates breathlessness symptoms [22,23]. Bott [21]
reported that chest physical therapy improves deep
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diaphragmatic breathing and expands collapsed areas by
providing visual feedback for diaphragmatic exercise.

The improved post-treatment results of Group B can be related
to enhanced skeletal muscle development, endurance, and
oxidative capacity. The body's need for oxygen increases
during aerobic exercise, so the respiratory system must
increase oxygen supply to the active muscles. As a result,
aerobic exercise increases respiratory system efficiency, raising
oxygen supply [24]. According to the findings, treadmill
training, swimming, bicycling, and other types of aerobic
exercise offer an appropriate stimulation to enhance ventilatory
functions [25]. Similar results have been stated by other
researchers Normandin et al. and Rochester who stated that
after the aerobic exercise program, patients with obstructive
pulmonary disease had improved pulmonary functions and
exercise capacity [26,27].

Aerobic exercise training increases oxygen consumption and
carbon dioxide production, and the Ilungs respond by
maintaining a stable blood level of these gases in the
bloodstream. Lactic acid, which is produced by working
muscles, starts to circulate in the bloodstream. This is referred
to as the lactate threshold. Lactic acid is the source of
metabolic acidosis. The lungs interact with lactic acidosis
during aerobic activity by increasing ventilation, decreasing
arterial PCO2, and maintaining normal arterial blood pH. The
respiratory system fully adapts to the pH effects of lactic acid
during exercise [28].

During aerobic exercise, the lungs must deliver extra oxygen to
the working muscles via the bloodstream due to the body's
increased oxygen demand. Increased breathing depth improves
the exchange of oxygen and carbon dioxide in the lungs.
Consequently, frequent exercise enhances the lungs' oxygen-
supply capacity [29]. There was no follow-up with the children
to ensure that the improvements were maintained over time,
which is one of the study's limitations [30,31].

Conclusion

This study's arm ergometry training technique could benefit
children with DS aiming to improve their pulmonary functions.
According to our findings, the arm ergometer training program
should be used in schools for children with DS as a part of
their schedule. Future research should be conducted to monitor
the influence of ergometry on physical strength, lifestyle,
fatigue, pain, muscle strength, and health-related quality of life.
The efficacy of aerobic exercise in DS patients and possible
side effects should be properly evaluated.
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