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RESUMEN

Introduccion: falta evidencia sobre el estado del tono de los musculos respiratorios en bebés prematuros con dis-

plasia broncopulmonar DBP realizada con mediciones objetivas. Objetivo: evaluar el tono muscular de los musculos
inspiratorios accesorios en bebés prematuros con y sin DBP desde el nacimiento hasta las 36 semanas de gesta-
cion. Material y método: estudio clinico observacional longitudinal con 37 recién nacidos prematuros de menos de
36 semanas de edad gestacional y peso menor a 1.500 gramos, hospitalizados en la unidad de cuidados intensivos
neonatales. Los bebés prematuros fueron sometidos a evaluaciones del tono muscular con electromiografia de su-
perficie cada 2 semanas después del nacimiento, en los musculos: pectoral mayor, serrato anterior, trapecio y erec-
tor de la columna. Se excluyeron aquellos con complicaciones graves, muertes y menos de 3 medidas de
electromiografia de superficie. Los bebés prematuros se asignaron a 2 grupos: bebés prematuros con displasia bron-
copulmonar (con DBP, definida por la necesidad de oxigeno suplementario durante 28 dias 0 mas) y grupo de con-
trol, sin DBP. Resultados: los prematuros con displasia broncopulmonar presentaron mayor tono muscular en trapecio
en la 1?3, 22, 3% y 42 evaluacion, en el serrato anterior sélo en la 12 evaluacion y en erector de la columna en la 22 y
en la 42 evaluacién, en comparacion con el GC (p < 0,05 para todos). En el andlisis intragrupo, el tono muscular del
erector de la columna disminuy6 con el tiempo en ambos grupos (p < 0,05). Ademas, los bebés con DBP requirieron
mas soporte ventilatorio invasivo y no invasivo en comparacion con el GC (p < 0,05 para todos). Conclusion: los
bebés prematuros con DBP exhiben un mayor tono muscular en los musculos inspiratorios accesorios y una elevada
necesidad de soporte ventilatorio durante la hospitalizacién en la unidad de cuidados intensivos neonatales.

Palabras clave: displasia broncopulmonar, tono muscular, electromiografia de superficie, recien nacido pre-
maturo.
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ABSTRACT

Introduction: there is a lack of evidence with objective measurements of respiratory muscle tone in premature
infants with bronchopulmonary dysplasia BPD. Objective: to assess the muscle tone of accessory inspiratory mus-
cles in premature infants with and without BPD from birth to 36 gestational weeks. Material and method: a longi-
tudinal observational clinical study with 37 premature infants of less than 36 weeks of gestational age and weighing
less than 1500 grams, hospitalized at the neonatal intensive care unit. Premature infants underwent assessments
of muscle tone with surface electromyography every two weeks after birth, on the muscles: pectoralis major, an-
terior serratus, trapezius, and erector of the spine. Those with severe complications, deaths and fewer than three
surface electromyography measures were excluded. Premature infants were allocated into two groups: premature
infants with bronchopulmonary dysplasia (with BPD, defined by the need for supplemental oxygen for 28 days or
more) and control group, without BPD. Results: premature infants with bronchopulmonary dysplasia presented
higher muscle tone in trapeziusin the 1st, 2nd, 3rd and 4th evaluations, in anterior serratus only in the 1st evaluation
and inerector of the spine in the 2nd and in the 4th evaluations, compared to CG (p < 0.05 for all). In the intragroup
analysis, the muscle tone of erector of the spine decreased over time in both groups (p < 0.05). In addition, infants
with BPD required more invasive and non-invasive ventilatory support compared to CG (p < 0.05 for all). Conclu-
sion: premature infants with BPD exhibit heightened muscle tone in accessory inspiratory muscles and elevated
requirement for ventilatory support during the hospitalization in the neonatal intensive care unit.

Keywords: bronchopulmonary dysplasia, muscle tonus, surface electromyography, premature infants.

DATA AVAILABILITY

The data used to support the results of this study are
included within the article. The data are available from
the corresponding author upon reasonable request and
with permission of the Research Group of the Health
Sciences Center, State University of Londrina, Londrina-
PR, Brazil.

INTRODUCTION

Numerous advances in neonatal care, have provided
an expressive increase in the rate of survival in preterm
newborns (PTB). Modest reductions in the incidence of
several comorbidities of prematurity have also accom-
panied these improved practices, with the exception of
bronchopulmonary dysplasia (BPD) incidence, which has
remained steady or increased over time depending on
country/geographic region(.

The etiology of BPD has not been fully established; its
origin is related to multiple factors. BPD is associated with
lower gestational age and lower birth weight, patent duc-
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tus arteriosus, late-onset sepsis, use of surfactant, need
for mechanical ventilation and duration of mechanical
ventilation. Furthermore, an association was observed
between patients with intrauterine growth restriction and
those born with less than 32 weeks of gestational age
(GA). One of the definitions of BPD considers mild BPD
infants who had received oxygen or respiratory support
for > 28 days but were on room air at 36 weeks GA®),
Babies with moderate BPD: required supplemental oxy-
gen with a fraction of inspired oxygen (FiO,) concentra-
tion < 30 %, at 36 weeks of GA. Finally, severe BPD was
classified as use of > 30 % oxygen or positive pressure
at 36 weeks?. The prevalence range varies from 20 to
40 %, according to the population studied, neonatal care
and diagnostic criteria®9.

Young adults with BPD have chronic lung disease
characterized by airflow obstruction, intermittent pulmo-
nary exacerbations and worse pulmonary function®7),
Previous evidence suggests that in children with BPD,
disrupted lung development, genetic susceptibility, sub-
sequent environment, and infectious events that occur
during critical periods of postnatal lung development
could increase the predisposition of early onset chronic
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obstructive pulmonary disease (COPD)™. It is known that
individuals with COPD present changes in lung function
that not only over activates accessory respiratory mus-
cles but also increases the burden on respiratory mus-
cles®, which has been studied in preterm infants®.

The muscle activity can be evaluated subjectively, du-
ring physical examination with the use of scales, and ob-
jectively, by surface electromyography (EMG), which is
a technique to assess the electrical activity produced by
a muscle, with electrodes positioned on the surface of
the skin(%2, EMG has already been used in the infant’s
population to assess upper and lower limb muscle
tone("> " and to evaluate the effectiveness of the Kan-
garoo method®', However, in infants with BPD the res-
piratory muscle activity has not been studied yet.

Recent studies® ®) have already demonstrated that
EMG is capable of monitoring breathing in premature ba-
bies and detecting changes in diaphragm activity over
time following changes in the mode or level of respira-
tory support. The study by Van Leuteren et al. shows a
modest but variable difference between the work of bre-
athing and diaphragm activity, measured with transcuta-
neous electromyography, in premature babies using
nasal CPAP and suggests that studies need to confirm
this finding in a larger group of babies with more signifi-
cant lung disease!®. Considering the importance of the
tone of the accessory inspiratory muscles in infants and
the lack of evidence in those with BPD, this study aimed
to objectively assess the tone of the accessory inspiratory
muscles in infants with and without BPD from birth to 36
weeks of gestational age (GA).

MATERIAL AND METHOD
Study design

A longitudinal observational clinical study following
the Strengthening the Reporting of Observational Stu-
dies in Epidemiology (STROBE), with infants hospitali-
zed at the Neonatal Intensive Care Unit (NICU) at the
University Hospital of Londrina, Parand, Brazil. Infants
were allocated into two groups, with BPD (BPDG) and
without BPD, control group (CG). BPD was diagnosed as
preterm newborns who needed supplemental O, with a
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fraction of inspired oxygen (FiO,) greater than 0.21 for
28 days or more®. The study was approved by the Ethics
Committee in Research of the Londrina State University
(number 1.316.581). This study is part of a Master thesis
registered in the platform of the UEL-UNOPAR Associate
Graduate Program in Rehabilitation Sciences, Londrina
State University (UEL), Pitagoras University (UNOPAR),
Londrina, PR, Brazil®.

As the objective was to compare the muscle tone of
children with BPD with children who did not develop BPD,
it was decided to include moderate and late premature
babies (32 to 37 incomplete weeks of gestation) and not
just very premature babies (28 to 32 incomplete weeks).
and extremely premature — gestational age less than 28
weeks. The inclusion criteria were: preterm infants with GA
less than 36 weeks and birth weight less than 1500 g; res-
piratory rate between 40 and 60 rpm, heart rate between
120 and 160 bpm, peripheral oxygen saturation lower
than 89 %, absence of cyanosis, pallor or pain (asses-
sed by Neonatal Infant Pain Scale); absence of perinatal
asphyxia (Apgar < 4 in the fifth minute of life, metabolic
acidosis or mixed acidemia -pH < 7.00- and clinical neu-
rological sequelae in the immediate neonatal period)@?
and absence of congenital malformations and genetic
syndromes.

Preterm infants with grade IV periventricular hemo-
rrhage, periventricular leukomalacia, postoperative he-
morrhage that interfered at the time of evaluation or use
of drugs which interfere in the state of consciousness at
the time of the evaluation and also those infants with less
than three electromyographic evaluations (to ensure lon-
gitudinal monitoring of muscle tone) were excluded.

Procedures

Muscle tone was assessed in infants by surface EMG
with an eight-channel surface electromyography (model
EMG 830C, EMG System do Brazil Ltda, S&o José dos
Campos, S&o Paulo, Brazil). To allow electrode-skin con-
tact, the area of the skin was cleaned with distilled water.
Electromyographic signals were collected through two
disposable surface electrodes associated with a con-
ductive gel (model MSGST-06, Solidor, Medico Eletro-
des International Ltda., Noida, Uttar Pardesh, India).

Cuest. fisioter. 2024, 53(2): 123-134
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@ Pectoralis major (PM)
O Serratus anterior (SA)

@ Trapezius (TP)
O Erector spine (ES)

FIGURE 1. Reference points for surface ElectroMiography for the Non-Invasive Assessments of Muscles.

These were positioned, with a distance of 20 mm be-
tween them, in the following muscles: anterior serratus
(AS), pectoralis major (PM), trapezius (TP) and erector
spine (EE), according to the standardization of Surface
Electro Miography for the Non-Invasive Assessments of
Muscles (SENIAM)®?2 and the reference electrode in the
lateral malleolus of the lower limb free of venous acces-
ses or sensors (figure 1).

Evaluations were performed by trained physical the-
rapists during food administration intervals. Infants who
met inclusion criteria were assessed from the first week
of admission. Those infants who presented clinical insta-
bility on the first week of life or weighted less than 1000 g
and/or has 28 weeks of GA or less were evaluated on the
second week after birth due to minimal handling protocol
of the unit (BPDG: n = 18 and CG: n = 6). All infants in-
cluded were re-evaluated every two weeks until 36 weeks
of GA.

PTB who needed supplemental O, for 28 days or
more were identified as BPDG and those who did not re-
quire O, supplementation were allocated into the control
group (CG). With respect to the BPDG, babies in this
group were classified as having mild, moderate or severe
BPD according to severity criteria®.

Initially, electromyographic evaluation was performed
with the baby positioned in dorsal decubitus with the elec-
trodes placed in the unilateral PM and unilateral AS mus-
cle, and the electromyographic signals were simulta-
neously captured for two minutes. Then, the baby was
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positioned in ventral decubitus with abdominal support
through a diaper and, after accommodation in the pos-
ture, the signals of the TP muscles -unilateral medium fi-
bers and unilateral EE- were captured for other two
minutes. During the evaluations the babies remained at
rest, awake and quiet (scores between 3 and 5 on the
Brazelton scale)®.

The signals were captured and converted into digital
signals. Out of the 2 minutes captured, the first and last 30
seconds were deleted. Therefore, out of the 60 remaining
seconds, only 20 seconds were analyzed using the Matlab
program (MathWorks Inc; Natick, Massachusetts, USA).
The third-order Butterworth filter was used, with a band-
pass of 20 to 450 Hz with a filter rejection band at 60 Hz
and harmonics, and then recorded the median frequency
(Hz) and the root mean square (RMS) in Volts.

To minimize the adverse effects of the environment,
the heated incubator was switched off at the time of sig-
nal pickup and if the baby was in phototherapy, it was
also switched off.

Statistical analysis

For statistical analysis, the software Graph Pad Prism
6.0 (GraphPad Software Inc, San Diego, California, USA)
and Excel 2010 (Microsof Office; Redmond, Washington,
USA) were used. The normality distribution analysis was
performed by the Shapiro-Wilk test and the data were
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described in percentages and in mean + standard de-
viation, according to the normality test. The evaluation of
intragroup changes over time was analyzed using the re-
peated measures ANOVA test. Intergroup differences
were analyzed using the unpaired or paired t-test. Mea-
surements of proportion between groups were analyzed
using the chi-square test or Fisher's exact test. Outliers
were excluded (values greater or less than 1.96 standard
deviation from the mean)®@ for the analysis. The statisti-
cal significance adopted was P < 0.05.
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RESULTS

Seventy-three premature infants (GA < 36 weeks and
PN < 1500 g) were born in the period from May 2016 to
February 2017, being 52 infants included. The flowchart
of the study is presented in figure 2. Weight, GA, Apgar,
FiO, used during resuscitation in the delivery room and
during the first 24 hours of life, mechanical ventilation and
length of stay in the groups studied, are presented in
table 1.

Enrollment Assessed for eligibility n="73
Excluded n=21
| Malformations n=3
Clinical Instability n=7
Preterm death collected n=11
Included n=>52
Excluded n=15
—— Death after collections n=1
Less than 3 consecutive evaluations  n =14
Y
Allocation
Classified as bronchopulmonary
dysplasia group n=18 Allocated to control n=19
Analysis
Analysed n=138 Analysed n=19

FIGURE 2. Consolidated Standards of Reporting Trials (CONSORT)
flow chart for trial recruitment.

Cuest. fisioter. 2024, 53(2): 123-134



s .
y 4

Q

Actividad electromiografica de los musculos
respiratorios en bebés prematuros con displasia
broncopulmonar: un estudio longitudinal

Variables BPDG (n=18)

Weight (g) 882.5+54.3
GA (weeks) 26704
Apgar 1st minute 3.9+0.73
Apgar 5th minute 7503
Apgar 10th minute 9.3+0.3
FiO, resuscitation (%) 60 £ 10
MIV (days) 221147
NIPPV (days) 11.3+£19
CPAP (days) 85+15
0, inhalation (days) 19.8+26
FiO, in the first 24 hours (%) 70£6
Length of stay (days) 833157

s e Sl
Soares DS Ferrari LSL Probst VS
CG (n=19) P
1200 £ 47.7 <0.0001*
30+£04 <0.0001*
59+0.6 0.039*
87102 0.010*
9.8+0.1 0.14
509 0.36
31116 0.0004*
43+1.0 0.0018*
5311 0.09
2709 <0.0001*
506 0.042*
51.8+45 0.0001*

GA: gestational age; FiO, max: fraction of inspired oxygen; MIV: Mechanical Invasive Ventilation;
NIPPV: Nasal Intermittent Positive Pressure Ventilation; CPAP: continuous positive airway pressure;

0O, inhalation: inhaled oxygen.

Regarding to the ventilatory assistance received by
the infants, BPDG used more invasive mechanical ven-
tilation (IMV) in the first 24 hours of life compared to CG
(94 % versus 37 %, P = 0.0004), less non-invasive ven-
tilation (44 % versus 79 %, P = 0.04) and required more
exogenous surfactant (72 % versus 32 %, P = 0.01). Only
BPDG received hydrotherapy during the period of NICU
stay (72 % versus 0 %, P < 0.0001).

The information about the days of life, weight, GAand
FiO? in the different moments of the electromyographic
evaluations in both groups, is presented in table 2. BPDG
presented greater need for orotracheal tube replacement
(39 % versus 5 %, P = 0.01), number of accidental extu-
bations (44 % versus 11 %, P = 0.02) and extubation fai-
lure (considered a return to IMV less than 48 hours after
extubation) (67 % versus 0 %, P < 0.001) compared to

Cuest. fisioter. 2024, 53(2): 123-134

CG. In the BPDG, 10 premature infants presented mild
(56 %), moderate (38 %) and severe (5 %) BPD.

The results of the electromyographic evaluations are
described in table 3. BPDG presented higher muscle tone
of AS, TP and EE compared to the CG. The intragroup
analysis showed that EE presented a decrease in mus-
cle tone over time (P < 0.05) in both groups. Correlations
were run between muscle tones of all muscles with GA
variables, weight, kind of ventilatory support used in each
EMG evaluation, ventilatory parameters and BPD se-
verity. In BPDG, only the positive pressure was correla-
ted with the muscle tone of TP in the second evaluation
(r=-0.64, P =0.01), the FiO, with TP in the fourth eva-
luation (r = 0.68, P = 0.02). And the severity of BPD sho-
wed a significant correlation with positive pressure in
the second EMG evaluation (r = 0.60; P = 0.03).
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1st EMG Ev. 2nd EMG Ev.
Variables BPDG CG BPDG CG p
(n=18) (n=19) (n=18) (n=19)
Weight (g) 905 £ 58 1155 £ 42 1068 + 66 1413 + 61 0.0005*
GA (w) 28.5+0.35 31+£0.3 <0.0001* 30.5+0.35 33+0.3 <0.0001*
DL (days) 13+£0.6 7+0.5 <0.0001* 271+0.8 21+0.8 <0.0001*
FIO, (%) 36+3 22+6 35+3 22+6 0.0002*
3rd EMG Ev. 4th EMG Ev.
Variables BPDG CG BPDG CG P
(n=18) (n=19) (n=18) (n=19)
Weight (g) 1290 £ 72 1696 + 82 0.0008* 1530 £ 83 1808 + 112 0.06
GA (w) 32.6 +0.35 35+0.3 <0.0001* 34.3+0.35 35.6 +0.25 0.02*
DL (days) 41+09 35+1 0.0001* 54+0.9 50+1.9 0.06
FIO, (%) 36+4 210 303 210 0.13

EMG Ev.: electromyographic evaluation; CG: control group; BPDG: bronchopulmonary dysplasia group;
GA: gestational age; w: weeks; DL: days of life; FIO,: fraction of inspired oxygen;

# n = 8; *significance difference P < 0.05.

DISCUSSION

The present study observed that the electromyogra-
phic activity of accessory inspiratory muscles in prema-
ture infants with BPD is greater compared to those
without this disease. In this line, three of four muscles
evaluated presented greater muscle tone in premature
infants with BPD compared to control group.

Pulmonary diseases such as BPD are known to
cause imbalance in the muscle strength leading to mus-
cle shortening, weakness and compensatory mecha-
nisms. This muscular imbalance, combined with altera-
tions in lung volume and inspiratory muscular effort can
overcome the resistance imposed by the smaller airways
Sincreasing the pulmonary tension®), which can cause
postural and muscle tone disorders. This phenomenon
was observed in our study, since premature infants with
BPD showed greater electromyographic activity in the ac-

cessory inspiratory muscle. In this line, similar results
were found in patients with other respiratory diseases
such as asthma, mouth breathers and COPD, in whom
increased respiratory effort causing changes in the mus-
cles of the thoracic cage, increasing the muscle activity
in EE, large dorsal, PM and TP, Additionally, Ratnovsky
et al. reported similar adaptations in the electromyogra-
phic activity of the sternocleidomastoid, external inter-
costal, rectus abdominis and external oblique muscles,
in which the increase in respiratory work showed an in-
crease in activity electromyographic image of these mus-
cles, in healthy subjects®.

There are respiratory and musculoskeletal factors in
premature infants which made them vulnerable to respi-
ratory failure. The chest cavity is extremely cartilaginous
and with high complacency and during periods of respi-
ratory effort, the chest wall is easily drawn inward, requi-
ring a greater activation of the rib cage stabilizing

Cuest. fisioter. 2024, 53(2): 123-134
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1st EMG Ev. 2nd EMG Ev.
Muscles  BPDG(n=18) CG (n=19) BPDG (n=18) CG(n=19) P
PM (V) 0.03985, 0.03475 0.4236 0.034 0.02795, 0.1424
AS (V) 0.01419, 0.009717, 0.0063* 0.01217, 0.009819, 0.0979
TP (V) 0.00637 0.00431, <0.0001* 0.005395, 0.004275, 0.0306*
EE (V) 0.007394 0.006161 0.006666,, 0.004252, 0.0044*
3rd EMG Ev. 4th EMG Ev.
Muscles  BPDG(n=18) CG (n=19) BPDG (n=18) CG (n=19) P
PM (V) 0.03138, 0.02554, 0.03274, 0.02346, 0.1401
AS (V) 0.01424, 0.009812, 0.01284 0.01262; 0.9333
TP (V) 0.006391, 0.004701 0.0064* 0.005971, 0.004343, 0.0409*
EE (V) 0.004495, 0.003937 0.005726; 0.003822, 0.0331*

NICU: Neonatal Intensive Care Unit; EMG Ev.: Electromyographic Evaluation;
BPDG: Bronchopulmonary Dysplasia Group; CG: Control Group; PM: pectoralis major;

AS: anterior serratus; TP: Trapezius; EE: Erector of the spine;

V:Volts; , (n=18), , (n=17), . (n=16), 4 (n=10), and (n = 09), ; (n = 08), 9 (n=07). * Significance difference P < 0.05.

muscles to maintain the balance and adequate ventila-
tion. These peculiarities are inversely proportional to GA
and weight®2), In the present study, the infants with BPD
presented lower GA and weight when compared to CG,
which may be associated with increasing in the respira-
tory effort and more activation in inspiratory muscles as
compensatory response. Furthermore, the difference be-
tween weight, Apgar and GA between groups may be as-
sociated with factors such as prematurity, extreme low
birth weight and perinatal asphyxia are related to a grea-
ter risk of developing BPD®),

The analysis of the correlations showed a negative
association between the muscle tone of TP with positive
pressure (used in both IMV and non-invasive) in the se-
cond EMG evaluation in BPDG. This inverse relationship
can be explained because a positive pressure helps to
maintain the functional residual capacity, avoiding pul-
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monary collapse, giving more stability to the thoracic ca-
vity, and improves the length-tension relation of respira-
tory muscles, making them more efficient?*3", A similar
result was reported in a recent study published by Car-
doso et al., in which positive pressure reduced the elec-
tromyographic activity of the sternocleidomastoid, facilita-
ting ventilation and decreasing the sensation of dyspnea
in patients with COPD®".,

There was also a positive association between the
muscle tone in TP in the fourth evaluation with the FiO,
used in the BPDG, hypothesizing that higher O, con-
sumption is caused by greater muscle activation. Pre-
mature infants with BPD presented altered ventilatory
control in the presence of hypoxia, which added to the
inefficiency of gas exchange, muscular immaturity and
increased respiratory effort, can lead to greater activa-
tion of the accessory respiratory muscles®?.
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Positive association was also observed between the
severity of BPD and the positive pressure used at the
time of the second EMG assessment of BPDG. Infants of
the BPDG who progressed with more severity required
a higher positive pressure. In this line, a positive pres-
sure, despite facilitating the action of TP and possibly re-
ducing the ventilatory effort (as previously observed in
the negative association between positive pressure and
TP tone at the same time), may also contribute to the pa-
thogenesis of BPD. According to Davidson et al.®3, posi-
tive pressure and excess of volume delivered through
assisted ventilation can cause lesions in the immature lung
with alveolar hyperinflation, leading to the generation of
cellular lesions, inflammation and reactive O, species.
These factors amplify the lesion associated with prenatal
inflammation®, which aggravates the state of the disease.

Understanding such muscular changes that occur in
infants with BPD is important to outline the best treatment
for these children even during their stay in the ICU, such
as physiotherapeutic treatment that, through stretching
of the accessory muscles, positioning, joint mobilizations,
manual supports, performed to minimizing the use of ac-
cessory inspiration and expiration muscles, retraining res-
piratory work that is overloaded in neonatal pathologies
such as BPD, helps to improve breathing patterns, re-
duce energy expenditure and muscle fatigue®.

No differences were observed between the groups
for PM during hospitalization and AS (after the first eva-
luation). This result may be explained because the pre-
mature infants received daily physical therapy treatment
and follow-up with thoracoabdominal rebalancing techni-
ques, including muscle stretching and positioning. These
interventions may have contributed to this similarity be-
tween tones in the groups in the PM and AS muscles du-
ring the NICU admission period and may have reduced
the difference observed in the other muscles (TP and
EE). In fact, there are authors who argue that adequate
positioning promotes postural control, which favors me-
chanical stimulation, leading to a more synergistic deve-
lopment of musculature, more adequate tonus, broader
range of motion and greater active movement®.

With respect to the behavior of muscles over time, EE
in both CG and BPDG presented a reduction in muscle
tone, verified by intragroup analysis. These findings agree
with the study of Urzéda et al.®®), who assessed the mus-
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cular tone in premature infants through passive manipu-
lation of upper and lower limbs and found an initial mus-
cular hypertonia, which disappeared after the interven-
tions. Additionally, the study of Urzéda et al.®® verified
that there was a trend to normalize the muscle tone as
the chronological age progresses, which is consistent
with the literature, regarding the normal evolution of mus-
cle tone over the months.

There are some limitations in our study; surface elec-
tromyography is not totally recommended to measure the
muscle activity in specific muscle, when the area is very
small as premature infants. This made the bilateral eva-
luation impossible, which could lead to contamination of
the EMG signal (interferences). However, we took some
cares to reduce the interferences, such as previous trai-
ning with EMG equipment, correct positioning of the elec-
trodes, experience to manipulate infants, and shutdown
of the incubator at the time of evaluation. Another limita-
tion was not to consider all infants in the same GA, but
the study design did not allow it, since this study aimed
to follow-up the infants from birth to 36 weeks of GA. Al-
though all infants received physiotherapeutic treatment,
hydrotherapy was performed only in infants with BPD,
according to the protocol in our unit, which may have in-
fluenced the resullts, since the effects of the therapy, com-
posed of stretching and sensory-motor stimulation techni-
ques, associated with water temperature, could favor de-
creasing in the muscle tone. Therefore, physiotherapy
treatment, may also have been another limitation. Finally,
the baseline differences between groups resulting from
the selection criteria used to detect BPD may introduce
bias into the results.

This study has some strengths. First, this study adds
information about the clinical impact of BPD in the activity
of respiratory muscles, additionally reported the diffe-
rence in the ventilatory muscle pattern between infants
with and without BPD, and how these differences are
maintained over time. Studies in BPD are necessaries
since the incidence is augmenting in the last years, since
the greater survival of premature infants may increase
the risk of comorbidities associated with prematurity. Ad-
ditionally, the early identification of some disabilities as-
sociated to BPD can help in both prevention and treat-
ment in individuals with this disease. Noteworthy, we use
EMG to assess the muscle tone, which is an objective,
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quantitative and reliable method. On the other hand, most
of the studies measured muscle tone through visual ob-
servations, and few studies have used EMG in the pre-
mature infants so far. Thus, EMG has not been used to
assess the muscle tone of preterm infants with BPD, the-
refore, it denotes the novelty of our study. Early identifi-
cation of these findings may aid in preventive therapies
in BPD and may also support the planning of specific in-
terventions for premature infants with BPD, providing
fewer long-term sequelae and better future quality of life
for these infantst®".

CONCLUSION

The present study highlights those premature infants
with BPD exhibit heightened muscle tone in the trape-
zius, anterior serratus, and erector spinae muscles —key
accessory inspiratory muscles— during their hospitaliza-
tion in the neonatal intensive care unit. This increased
muscle activation is believed to be linked to the elevated
requirement for both invasive and non-invasive ventila-
tory support in this patient group. Given these findings,
pulmonary rehabilitation interventions become impera-
tive to reduce the need for ventilatory support and reduce
the energetic cost associated with the overactivation of
these accessory respiratory muscle groups. By addres-
sing these factors, such interventions aim to prevent po-
tential sequelae in accessory respiratory muscles, thus
promoting better long-term respiratory health outcomes in
premature infants with BPD.
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