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a b s t r a c t

Introduction: Preterm children display only slightly lower exercise capacity than term children do during
their development, despite their previous cardiopulmonary impairments. This raises doubts about the
role of the respiratory muscles’ influence on exercise capacity. This study aimed to compare respiratory
muscle activity in preterm and term children using an exercise test.
Methods: This cross-sectional study involved comparison of 35 term children and 39 matched preterm
children aged 6e9 years, who were born prematurely with a birth weight <1500 g. An adapted tread-
mill incremental test was utilized and surface electromyography of the sternocleidomastoid (SCM),
upper trapezius (UT), and rectus abdominis (RA) muscles was performed. The root mean square was
calculated every minute and compared between and within groups. A Monte Carlo simulation was also
applied, and the area under the curve was calculated to evaluate the differences between groups.
Results: During the entire exercise, the SCM muscle activity was higher in preterm children with a larger
area under the curve than in the term children. There was no difference in the RA and UT muscle activity
between groups throughout the test.
Conclusion: The results suggest a greater contribution of the SCM muscle sin preterm children's per-
formance than in term children's performance during high-intensity exercises.
Trial registration: Brazilian Clinical Trial Registry (ReBec) - RBR-89hr2h.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Exercise capacity can be expressed as the amount of physical
effort that can be sustained during a certain activity (American
Thoracic Society and American College of Chest Physicians, 2003;
Armstrong andWelsman, 2006), and it is influenced by pulmonary,
cardiovascular, and musculoskeletal conditions. During exercise,
the respiratorymuscles are progressively recruited in the frequency
and volume of chest muscle contractions as speed increases.

Studies in adults and children have shown that during rest, only
the diaphragm and external intercostals are active, while other
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respiratory muscles remain at rest. However, during intensive ex-
ercise, the abdominal muscles, can contribute to increases in the
respiratory rate and tidal volume (Verges et al., 2006) as activation
of accessory breathingmuscles (the sternocleidomastoid [SCM] and
trapezius muscles) occurs with an increase in loads (Aslan et al.,
2019; de S�a et al., 2017; De Waal et al., 2017; Sekiguchi et al.,
2018; Washino et al., 2019).

In children born prematurely due to a large ventilatory demand
during the neonatal period, there is a need of an increasing in
respiratory muscle recruitment during this period (Maarsingh
et al., 2000, 2006). This may persist for long time and may lead to
adaptations to pulmonary function alteration and increase in
working of breathing, causing thoracic musculoskeletal changes in
medium and long term. In studies of our group, we've demon-
strated that about 40% and 70% of children less than 1 year old born
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prematurely had abnormal pulmonary function and thoracic
changes such as shoulder elevation, respectively. In those former
studies, these alterations were associated to the need for me-
chanical ventilation in the neonatal period and/or bronchopulmo-
nary dysplasia (Davidson et al., 2012; Gonçalves et al., 2018). These
findings may suggest that preterm infants might develop hyper-
trophy of accessory muscles as ECM and trapezius as a consequence
of respiratory impairments (Davidson et al., 2012). In this sense, the
best way to evaluate the actual performance of the respiratory
muscles is through electromyography (EMG). This exam might
provide a better understanding of the respiratory pattern and its
control during heavy physical activities. Furthermore, EMG evalu-
ation have shown a good correlation between pulmonary condi-
tions and muscles action (Maarsingh et al., 2000, 2006; Fokkema
et al., 2006; Hutten et al., 2010).

In this context, understanding the pattern of respiratory mus-
cles action during high performance in child born prematurely it
would be useful to plan and step some intervention to improve
postural and biomechanics pattern.

Therefore, to test the hypothesis that preterm children behave
differently in their breathing strategy to achieve adequate venti-
lation, especially when the load on the respiratory system is further
increased, we compared the EMG of the 2 main accessory respi-
ratory muscles and 1 expiratory muscle that are mainly recruited
during heavy exercise in children.
2. Methods

2.1. Study design and participants

This was a cross-sectional study that included children aged
6e9 years born before 37 weeks of gestation, with a birth weight
of< 1500 g who were followed up at the Neonatal Outpatient
Clinic at the Federal University of S~ao Paulo, SP, Brazil. The con-
trol group was composed of healthy term children of the same
age.

This study was approved by the Ethics Committee of the
Federal University of S~ao Paulo, and Informed Consent forms
were signed by parents or guardians, and assentiment form was
obtained from children included in the study and it was regis-
tered in Brazilian Clinical Trial Registry (ReBec) on number RBR-
89hr2h.

Exclusion criteria were respiratory disorders such as wheezing
and/or respiratory distress in the 2 weeks prior; acute pulmonary
disease diagnosed by a physician; neurological and/or cognitive
impairment that prevented understanding of the test; gait
dysfunction; fractures and lower limb surgery in the previous 6
months; hemodynamic alterations at rest such as tachycardia and/
or hypertension (National High Blood Pressure Education Program
Working Group on High Blood Pressure in Children and
Adolescents, 2004); and hospitalization in the previous 3 months.

The children's demographic and clinical data were collected by
chart review and/or interviews with parents or guardians. Weight
and height measurements were obtained using an eye-level me-
chanical beam physicians' scale with a height rod (FilizolaPL200,
S~ao Paulo, Brazil) by 2 unblinded researchers who had been pre-
viously trained to perform these measurements according toWorld
Health Organization recommendations (WHO Expert Committee,
1995).

After these measurements, the children remained seated for
10 min before collection of data on the following vital signs: blood
pressure, heart and respiratory rate, and degree of dyspnea
perception at rest using a visual analogue scale (VAS) (Lee et al.,
2016; Camargo Corcioli et al., 2017).
2.2. Exercise treadmill test

Before beginning the treadmill test, the childrenwere instructed
to wear shorts and comfortable shoes and allowed no vigorous
physical activity 2 h before the test.

An adaptation of the Balke treadmill test was used to evaluate
the children's respiratory muscle activity (Wasserman et al., 2005).
Amobile and gradual handrail was fixed on the treadmill in order to
allow the children to hold a front handrail, maintaining shoulder
flexion between 30 and 45�, with their hands supported
throughout the test.

After the rest stage, a warm up stage (1.0 mph) was performed
for 3 min. This was followed by the exercise stage where the speed
was increased in accordance with an incremental protocol (Karila
et al., 2001) based on a fixed speed of 3.5 mph for children aged
6 and 7 years and 4.0 mph for children aged 8 and 9 years. After the
first minute of the exercise stage, a 2� grade increase was initiated
every minute until a 10� grade was reached. If children reached the
maximum grade, the speed was increased by 0.5 mph everyminute
until maximum effort was attained (Wasserman et al., 2005;
Powers, 2015). The test was completed after 5min of recovery
(speed 1.0mph and 0� grade).

The degree of the children's efforts was verified and their
maximum heart rate (HRmax) for their ages was calculated and
verified throughout the test (Karila et al., 2001)for their safety.

The test was interrupted if: severe fatigue and/or respiratory
effort occurred (estimated by a VAS >7) (Lee et al., 2016; Camargo
Corcioli et al., 2017), the child requested it, or 85% HRmax for their
age was reached.

2.3. Surface electromyography data collection

A signal acquisition system: 830C EMG system® (S~ao Jos�e dos
Campos, Brazil), containing 6 channels was used to collect and
process the electromyography (EMG) signals. The established fre-
quency for the acquisition of EMG recordings was 2 kHz, with a
band pass filter with cut-off frequencies of 20e500 Hz, an amplifier
gain of 1,000, and a common rejection mode ratio of <120 dB. All
data were acquired and processed using a 16-bit analog-to-digital
converter.

Three superficial muscles were analyzed: the SCM, upper
trapezius (UT), and rectus abdominis (RA). Initially, local cleansing
was performed using alcohol followed by slight skin abrasion to
reduce impedance. A 4.2-mm diameter Medi-trace™ 100 double
self-adhesive pediatric Ag/AgCl electrode with a conductive
hydrogel surface composition (Kendall, Mansfield, Canada) was
placed on each muscle with a center-to-center distance of 20 mm
according to Surface Electromyography for the Non-Invasive
Assessment of Muscles (SENIAM) (Hermens et al., 2012) by a sin-
gle researcher. Muscle palpation and a series of isometric con-
tractions for the specific muscles were also used for signal
validation.

Data acquisition was recorded during the entire test and was
analyzed according to a mathematical routine previously devel-
oped where the root mean square (RMS) calculation included 30 s
of each minute normalized by the grade of the treadmill. Exercise
period was analyzed up to the 6thminute and final exercise minute
was defined as the last minute before recovery period.

2.4. Statistical analysis

To characterize the sample, a descriptive analysis using mean
and standard deviation or median and quartile (Q1-Q3) was per-
formed for numeric variables and using number and frequency for
categorical variables. Continuous data were analyzed using the
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Student's t-test or the Mann-Whitney test. The chi-squared test or
Fisher's exact test was used for categorical variables.

The normality of EMG data showed asymmetrical distributions
according to the Shapiro-Wilke test. The Mann-Whitney test fol-
lowed by a Monte Carlo simulation (10,000 cases) was applied in
order to verify the difference between groups per minute [rest,
warm up, exercise (1st to 6th minute), and the final stage] and to
analyze the sample power of the study (Williams et al., 2007).

Repeated measures were contrasted by the Friedman's test and
differences between the measures in each group were tested by the
Wilcoxon test with p-values adjusted according to the number of
repetitions of the measures.

The area under the curve (AUC) was calculated according to the
trapezius method to analyze the amount of electrical signal of each
muscle and then compared between the preterm and term groups.

Data analyses were performed using SPSS 22® (IBM, New York,
USA) and p-values were considered at 5%.
Fig. 1. Sternocleidomastoid EMG activity during treadmill exercise tests in the preterm
and term groups. *p < 0.05 preterm vs. term group. Values in the median and inter-
quartile range 25e75%.

Fig. 2. Upper trapezius EMG activity during treadmill exercise tests in preterm and
term children.
3. Results

Ninety-three children, 46 (49%) females and 47 (51%) males,
were recruited for this study, but 9 (9.6%) parents of children in the
preterm group declined participation. Of the remaining 84 children,
7 (8.1%) presented with loss of EMG signal during the test (1 from
the term group and 6 from the preterm group), 2 (2.3%) dis-
continued the test before completion (1from each group) due to
tachycardia and/or fatigue before the 6thmin (a pre-condition of an
adequate maximum test) (Powers, 2015; VanBrussel et al., 2019),
and 1 (1.2%) child in the term group presented with resting
tachycardia; all 10 were excluded. Finally, 74 (77.9%) children were
examined: preterm group, n ¼ 38; term group, n ¼ 36.

There were no differences between groups in relation to general
conditions or levels of physical activity, except for birth weight and
gestational age (Table 1).

Regarding the clinical status in the neonatal period, 21 (55.3%)
children in the premature group presented with respiratory
distress syndrome, 11 (28.9%) presented with patent ductus arte-
riosus, 14 (36.8%) preterm children requiredmechanical ventilation
for a mean of 7 ± 10 days, 16 (42.1%) were oxygen dependent 28
days after birth, and 10 (26.3%) were oxygen dependent at 36weeks
(calculated using the corrected gestational age). The duration of
hospitalizations in the neonatal unit for those born prematurely
was 58 ± 22 days.

During the exercise stage, the preterm group showed statisti-
cally higher SCM EMG activity from the 1stto the 6th stage
compared to the term group (Fig. 1), but there was no difference in
RA and UT EMG activity between groups throughout the test
(Figs. 2 and 3).

According to within group analysis, the preterm group showed
Table 1
Clinical characteristics, levels of physical activity, and respiratory muscle tests for preter

Preterm grou

Age, (years)a 7.67 ± 1.04
Weight, (kg)a 26.06 ± 6.53
Height, (m)a 1.24 ± 0.07
Gestational age, (weeks)a 30.10 ± 2.60
Birth weight, (g)a 1169 ± 213
Female, n (%)b 19 (50.0)
BMI (kg/m2) a 16.60 ± 2.61
Physical activity (h/week) a 3.26 ± 1.46
Need for hospitalization after NICU discharge, n (%)b 8 (21.1)

BMI: Body mass index, NICU: neonatal intensive care unit.
a Student's t-test.
b Fisher's exact test.
lower SCM EMG activity at rest and during warm-up compared to
the exercise stage. The final stage showed statistically higher SCM
EMG activity values than the 2nd, 3rd, 4th, 5thor 6th exercise stage.
At the recovery stage, the SCM EMG activity continued to be high.
The term group had a similar pattern in terms of differences be-
tween rest and warm-up compared to the exercise stage except at
the recovery stage where it showed lower SCM activity values than
at the 5th and 6th minute and the final stage (Fig. 1).

Similar to the SCMEMG, the UT muscle EMG activity at rest and
m and term groups.

p (n ¼ 38) Term group (n ¼ 36) p-value

7.89 ± 1.13 0.375
27.98 ± 7.34 0.239
1.28 ± 0.09 0.080
38.61 ± 1.14 <0.001
3168 ± 334 <0.001
14 (40.0) 0.391
16.79 ± 2.67 0.769
3.83 ± 1.58 0.161
2 (5.6) 0.082



Fig. 3. Rectus abdominis EMG activity during treadmill exercise tests in the preterm
and term groups.
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warm-up was lower than during the final and recovery stages in
both groups. However, the UTmuscle EMG activity at the final stage
was higher than that at the recovery stage in the preterm group;
however, it was lower during the 2nd to 6th minute exercise stages
than that at the final and recovery stages in the term group (Fig. 2).

The RA muscle EMG activity at rest was lower than that at ex-
ercise, warm-up, final, and recovery stages in both groups. The
pattern of RA muscle onwarm-up stage was similar to the recovery
stage, but less intensive than the exercise and final stages in both
groups. However, the preterm group showed lower RA EMG activity
values at the recovery stage than at the exercise stage, and the term
group showed higher RA EMG activity at the final stage than at the
exercise stage (Fig. 3).

The AUC analysis of respiratory muscle EMG showed that only
the SCM EMG curve had higher values in the preterm group than in
the term group (Fig. 4).

4. Discussion

To our knowledge this is the first study to assess electrical ac-
tivity of respiratory muscles during exercise tests in children born
prematurely. Our results showed a significant increase in inspira-
tory and expiratory muscle activity during the test in both groups,
but the preterm group showed higher SCM EMG activity when
intensive physical exercise was performed, which reinforced our
previous hypothesis that preterm children might engage in a
different breathing pattern strategy in order to maintain their
respiratory and aerobic capacity when an abrupt and rapid need of
breathing occurs, especially during exercise tests or respiratory
Fig. 4. Area under the curve for the EMG activity of the sternocleidomastoid, upper
trapezius, and rectus abdominis muscles in the preterm and term groups.
distress. Our findings suggested that preterm children develop a
different interaction between the respiratory muscles and lung
mechanics control as an attempt to maintain a relatively normal
lung volume by altering breathing patterns and dynamical eleva-
tion of lung volume. This mechanics might explain why preterm
children have shown similar pulmonary function and aerobic ca-
pacity compared to term children despite their pulmonary prob-
lems during neonatal period. However, the adaptative mechanics
could lead to an increase of cost in working of breathing, that could
worse in long term.

It is well known that the respiratory muscles exhibit continuous
and phasic contractile activity (Dempsey, 2006), and their activa-
tion can affect exercise performance at high intensity (McMahon
et al., 2002; Verges et al., 2006; Bailey et al., 2010). Similarly, the
inspiratory accessory muscles act continuously as they have a
double function as respiratory and postural muscles: acting as head
and neck stabilizers and thoracic cage elevators. Studies with adults
have shown that during physical exercise or episodes of respiratory
obstruction, the inspiratory muscles are recruited to overcome
resistive loads to maintain ventilation (Illi et al., 2012; Petrovic
et al., 2012). Studies have pointed out similar results in infants
and childrenwith asthma (Maarsingh et al., 2000), dyspneic infants
and toddlers (Maarsingh et al., 2006), and oral-breathing children
(Trevisan et al., 2015). These results could be attributed to the load
increment imposed on the respiratory muscles because of the
increasing speed of inspiratory flow, there by activating a greater
number of motor units (Tomich et al., 2007).Therefore, this could
have occurred in both groups when they increased their inspiratory
and expiratory muscle EMG activity during the tests.

Our results showed significantly higher SCM EMG activity in the
preterm group than in the term group during the exercise test. Most
investigators consider SCM to be one of the most important
accessory respiratory muscles that are recruited when exposed to
resistive loads since they are responsible for elevation of the first rib
and lifting of the sternum, thereby increasing the upper ante-
roposterior diameter of the rib cage (Dempsey, 2006; Sekiguchi
et al., 2018; Washino et al., 2019). Studies using preterm infants
with respiratory issues have shown that they attempt to control
their pulmonary volume by using different breathing strategies and
different respiratory muscle activation patterns (activation of
inspiratory muscles much earlier during expiration) compared to
those used by healthy infants (Hutten et al., 2010; de Jongh et al.,
2013). This mechanism could be the result of a weakened dia-
phragm that requires the recruitment of neck muscles such as the
SCM (Sekiguchi et al., 2018; Washino et al., 2019). Based on these
studies, it is possible that in our preterm group, the occurrence of
respiratory impairment during the neonatal period associated with
small lungs and high thoracic compliance required more breathing
effort with excessive energy expenditure, leading to greater elec-
trical activity in the SCM muscle (De Waal et al., 2017) that might
persists in to childhood (Davidson et al., 2012). This pattern pro-
duces impairment in the chest wall kinematics and in the ventila-
tory conditions which increases working of breathing (de S�a et al.,
2017). Thus, it was properly to develop exercises and/or protocols to
promote an improvement in contractile capacity and stabilization
of this muscle, increasing in thoracic expandability, providing
benefits in the performance of respiratory mechanics.

Surprisingly, there was no difference in the UT muscle EMG
activity between groups, even though it was the most recruited
muscle during the exercise tests in both groups (Fig. 4). In daily life,
the trapezius muscle demonstrates low threshold recruitment and
low recruitment dominance (under 25% of maximal voluntary
contraction). However, when shoulder pain and/or biomechanical
dysfunction occurs, a different recruitment of upper and lower
trapezius muscle activity is required to maintain muscle
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performance (Falla et al., 2007). It is possible that as the test pro-
gressed, some balance was established between the upper and
lower trapezius muscles, but no difference was found between
groups.

In the present study, the RAmuscle EMG activity also showed no
difference between groups despite an increase in muscle activity
after warm-up in both groups. Usually, abdominal muscles act as
expiratory muscles and they are at rest during basal breathing.
However, during heavy exercise, these muscles could be recruited
to assist in the expiratory phase of respiration and may be required
to adequately empty the lung and maintain end-expiratory lung
volume (Verges et al., 2006; Zsoldos et al., 2010). This electrical
activity could increase 2- to 3-fold compared to baseline in exer-
cises at 40 and 80% of the maximal capacity (Choukroun et al.,
1993). It is possible that respiratory and postural coordination
could produce excessive levels of abdominal muscle EMG activity
compared to adults during intensive exercise (Abraham et al.,
2002), and this muscle pattern could be similar in both groups.

In order to verify our findings, AUC analysis confirmed that only
the SCM EMG activity was significantly higher in the preterm group
compared to the term group. These results reinforced the impor-
tance of the SCM for increasing respiratory recruitment.

Additionally, there were no AUC differences in the UT and RA
EMG activity between groups. It is possible that the increased SCM
recruitment was sufficient tomeet the needs of premature children
to perform the test.

The hands of participants being supported by a handrail could
also influence EMG muscle activity. However, we were attentive to
arm positions, placing them at the same level, and maintaining
shoulder flexion between 30� and 45� for all children. Moreover,
when the SCM and UT EMG activities were observed at rest, the
signals were very low (silence activity), indicating that the child-
ren's arms were relaxed in both groups.

AMonte Carlo simulationwas used to analyze the sample power
of this study, which displayed a non-normal distribution. Based on
our sample, the Monte Carlo simulation (with 10,000 cases)
showed that only the SCM EMGs would show some difference
between groups (Williams et al., 2007).

The choice of a high-intensity exercise treadmill test allowed
analysis of the children's performances over a short duration and
involved mostly type II fibers, characterized by fast contraction and
less fatigue resistance, as in accessory inspiratory muscles (Polla
et al., 2004; Falla et al., 2007).

4.1. Limitations of the study

Since the study design excluded children with cognitive or
motor impairment, the most seriously ill children in the outpatient
clinic could not be evaluated, which could have generated different
results. Another possible influence of the results was anxiety and/or
excitement before and during the test once we know that this
statement could alter cardiovascular conditions, than, these con-
ditions could change the results.

4.2. New perspectives to exercise test in children

On the other hand, this study allowed development of a feasible
method for evaluating electrical muscle activity during an intensive
exercise test in small childrenwith low height (all of themwere less
than 1.30m). A secure exercise test in treadmill must be done using
a hand drill. Then, the low height needs some adaptations to
conduct a safe and reproductive test. Before the final protocol, we
adapted a mobile and gradual handrail to reach the best perfor-
mance without arms fatigue. Another adaptation was the Balke
protocol. We realized that when treadmill was over 10� grade
elevation, children asked for stopping test because of quadriceps
muscle fatigue due to excessive knee flexion during running. Then
we decided to conduct the test until 10� grade elevation and after
this grade, we increased velocity in 0.5mph every minute. Then we
have another alternative to test aerobic capacity instead cycle
ergometer.

4.3. Clinical relevance

The different pattern of SCM muscle activity demonstrated in
our study, bring some concerns about preterm children develop-
ment. This result shows, indirectly, that hypertrophy in this muscle
might lead to diaphragm muscle impairment once the excessive
use of upper thoracic and/or neck muscles lead to an inspiratory
position that could inactive and/or misleading synergism with
abdominal and diaphragm muscles. This condition leads to an
increased energetic consumption and improper lung ventilation
[14]. These accessory muscles promote mobility in upper rib cage
during inspiration, making the respiration superficial, that requires
increase in respiratory rate and minute volume. Thus, it would be
desirable to improve these biomechanics to reduce working of
breathing and increase lung function.

On this way, physical therapy may contribute for postural
realignment and breathing training, reducing cervical muscles ac-
tivity for breathing.

Another therapy could be the cardiopulmonary rehabilitation,
as an alternative to improve their aerobic capacity as described in
other pulmonary problems as asthma and chronic obstructive
pulmonary disease.

5. Conclusion

Children born prematurely presented higher SCM recruitment
than those born at term, suggesting an important contribution of
neck muscles in preterm children when performing high intensity
exercises.
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