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ABSTRACT | INTRODUCTION: Aquatic physiotherapy is a
modality of hydrotherapy performed on newborn babies (NB) in
the Neonatal Intensive Care Unit (NICU). The effects on pain levels,
behavior, and respiratory function are already known; however,
little has been said about the effects on diaphragmatic function
in the preterm newborn population. OBJECTIVE: To evaluate the
effect of aquatic physiotherapy on diaphragmatic amplitude using
diaphragmatic kinesiologic ultrasound (DKUS) in NBs admitted to a
NICU, as well as the safety regarding the clinical stability of the NBs,
behavioral state, pain, and respiratory distress. METHODS: Cross-
sectional before-and-after clinical trial. The NBs participating in the
study received a single intervention with aquatic physiotherapy
for 10 minutes. An assessment was performed using the
USCD before and after the session, and heart and respiratory
rates, behavioral state, pain, and respiratory discomfort were
recorded. RESULTS: Twenty-six NBs participated. There was a
significant increase in diaphragmatic amplitude (p= 0.02) and
peripheral oxygen saturation (p= 0.05); physiological parameters
remained within normal limits, and the intervention did not cause
behavioral disorganization, pain, or respiratory discomfort in NBs.
CONCLUSION: Aquatic physiotherapy promoted an increase
in diaphragmatic amplitude, suggesting that this technique can
be used as a way to stimulate the contraction of the respiratory
muscles in NB, in addition to being a safe technique, as it did not
generate clinical instability, behavioral disorganization, pain, or
respiratory discomfort to the participants.
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RESUMO | INTRODUGAO: A fisioterapia aquatica € uma modalida-
de de hidroterapia realizada em recém-nascidos (RN) nas Unidades
de Terapia Intensiva Neonatal (UTIN). Os efeitos sobre nivel de dor,
estado comportamental e funcdo respiratéria ja sdo conhecidos,
porém pouco se refere aos efeitos sobre a func¢do diafragmatica na
populagdo recém-nascida a termo prematura. OBJETIVO: Avaliar
o efeito da fisioterapia aquatica sobre a amplitude diafragmatica
por meio da ultrassonografia cinesiologica diafragmatica (USCD)
em RNs internados em UTIN, bem como a seguranca de sua rea-
lizagdo quanto a estabilidade clinica dos RNs, estado comporta-
mental, dor e desconforto respiratério. METODOS: Ensaio clinico
tipo antes e depois, de carater transversal. Os RNs participantes
do estudo receberam uma Unica intervencdo com fisioterapia
aquatica durante 10 minutos. Foi realizada a avaliagdo utilizando a
USCD antes e depois da sessdo, e anotado as frequéncias cardiaca
e respiratoria, estado comportamental, dor e desconforto respira-
torio. RESULTADOS: Participaram 26 RNs. Observou-se aumento
significativo da amplitude diafragmatica (p= 0,02) e da saturagdo
periférica de oxigénio (p= 0,05); os parametros fisiologicos perma-
neceram nos limites da normalidade e a intervencdo ndo provocou
desorganizacdo comportamental, dor ou desconforto respiratério
aos RNs. CONCLUSAO: A fisioterapia aquética promoveu aumento
da amplitude diafragmatica, sugerindo que esta técnica pode ser
utilizada como forma de estimular a contragdo da musculatura res-
piratéria em RN, além de se mostrar uma técnica segura, pois ndo
gerou instabilidade clinica, desorganizacdo comportamental, dor
ou desconforto respiratério aos participantes.

PALAVRAS-CHAVE: Hidroterapia. Fisioterapia Aquatica. Ultrasso-
nografia. Diafragma. Recém-nascido.
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1. Introduction

During pregnancy, the fetus has an environment
in the womb that is ideal for its development, with
controlled temperature, filtered light and sound
stimuli, and the presence of the amniotic sac, which
is filled with fluid of high density, providing broad
and rich spontaneous movement, free of gravity.
The uterine walls and placenta provide restraint and
establish physical boundaries that keep the fetus in
a flexed and aligned position, which is crucial for its
typical structural development.’2

Born before 37 weeks, the newborn (NB) can be
admitted to a neonatal intensive care unit (NICU)
and, during hospitalization, is exposed to stimuli and
procedures necessary to ensure their survival, which
can cause pain and discomfort. As a response to
this stress, it causes cardiorespiratory, hormonal, and
behavioral changes, endangering its physiology and
the functioning of its subsystems (motor, behavioral
conditions, attention/interaction, and regulatory).>34

In addition, the respiratory mechanics of the NB
suffer disadvantages due to the immaturity of the
respiratory muscles, a highly compliant rib cage with
horizontal ribs, in addition to the diaphragm, the
main inspiratory muscle, whose structure has muscle
fibers with little reserve and is more prone to fatigue,
which when it contracts, moves caudally, increasing
the size of the rib cage, decreasing pleural pressure,
increasing abdominal pressure and consequently
transdiaphragmatic pressure (Pdi), which is the
difference in pressure in the abdominal and chest
cavities, causing air to enter the lungs.>®

Respiratory function depends on the mobility of the
diaphragm, with the ideal length-tension ratio, and
efficient interaction with the abdominal muscles.”
It is known that the diaphragm is responsible for
three-quarters of the increase in lung volume during
silent breathing?, and in healthy individuals, there is a
moderate correlation between diaphragm excursion
and markers of pressure-generating capacity.? The
contractile efficiency of the diaphragm is directly
proportional to gestational age (GA) at birth; the
higher the GA, the higher the Pdi or maximum
inspiratory pressure (PImax).> In addition, hospitalized
NBs suffer from various respiratory pathologies that
affect respiratory biomechanics, interfering with the
respiratory system.®

To prevent and rehabilitate dysfunctions resulting
from the treatments the NB is exposed to and the
length of hospitalization in the NICU, physiotherapists
have at their disposal strategies based on humanized
care,suchasaquaticphysiotherapy.2This, accordingto
Anjos?, seeks to simulate the sensations experienced
inside the mother's womb, providing relaxation,
safety, and body boundaries for NBs. The liquid
environment facilitates spontaneous movement,
promotes proprioception, postural organization, and
in association with the application of heat, there is
an increase in circulatory flow, decreasing muscle
spasms with consequent muscle relaxation, reduction
of pain and stress, favoring proper functioning of the
musculoskeletal system and of the behavioral and
physiological state of the organism.*410

Thebenefits of aquatic physiotherapy on pain control,
behavioral state, and physiological parameters in
newborns have already been described, but little
has been studied about its effects on the respiratory
system, especially diaphragmatic function. It is
known that lung mechanics are altered when the
body is immersed at the level of the C7 vertebra, as
the respiratory muscles are loaded with hydrostatic
pressure during inhalation, making it an exercise
for these muscles.’® The diaphragm moves in
a cephalic direction, causing a decrease in vital
capacity, functional residual capacity, and expiratory
reserve volume, added to the action of hydrostatic
pressure on the rib cage, immersion generates an
increase in respiratory work.lX However, there are
no studies that measure diaphragmatic excursion
after immersion in water.

One way of assessing diaphragmatic movement
is with the diaphragmatic kinesiologic ultrasound
(DKUS). The use of ultrasound to assess respiratory
muscle pump function is relatively new.? It is a non-
invasive, ionization-free test that can be performed
at the bedside for evaluation and monitoring. It
provides accurate real-time information, with data
that can be useful in guiding the choice of techniques
and parameters for respiratory physiotherapy.’* Over
the last few years, circumstantial evidence suggests
that respiratory muscle monitoring can interfere with
clinical care in the intensive care unit (ICU).1
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Therefore, the aim of this study was to evaluate the
effect of aquatic physiotherapy on the diaphragmatic
function of newborn babies, measuring diaphragmatic
amplitude using the DKUS, as well as assess the safety
of aquatic physiotherapy on the clinical stability of
the participants, monitoring their physiological and
behavioral responses, level of respiratory discomfort
and the presence of pain of the NB to intervention.

2. Methods

This is a before-and-after, cross-sectional clinical
trial. Each participant received an aquatic
physiotherapy intervention and evaluation by the
DKUS before and after.

2.1 Participants

The study was performed between January and July
2022, with NBs admitted to the NICU of a university
hospital. Those responsible for the participants
signed the Free and Informed Consent Form (FICF),
which was previously approved by the Research
Ethics Committee of the hospital where the study
was performed.

NBs with a gestational age of at least 30 weeks,
weighing at least 1250 grams at the time of the
intervention, between 7 and 28 days old, clinically
stable, on full enteral nutrition, in the process of
daily weight gain, on oxygen therapy or in room air
and normothermic (temperature between 36.4 and
37.8) were included. NBs were excluded if they had:
hemodynamic instability, invasive devices (central
and peripheral venous access, umbilical catheter,
gastrostomy, plastic, or metal tracheostomy), the
presence of umbilical cord remnants, skin lesions,
infectious diseases, and the presence of orthopedic
immobilization.

2.2 General procedures

After selecting the participants suitable for the study,
data was collected from the respective medical
records to characterize the sample, such as name,
weight and gestational age at birth, corrected weight
and age at the time of collection, feeding route,
clinical diagnosis, use of supplementary oxygen
and other variables, such as vital signs (axillary
body temperature, heart and respiratory rates, and
peripheral oxygen saturation), scales Neonatal Infant

Pain Scale (NIPS-Brazil), Silverman-Andersen Report
Card (RSS), Brazelton's adapted sleep-wake cycle
assessment scale, and DKUS assessment. Before
handling the NB in the hot tub, initial assessment
data was collected, followed by intimate hygiene and
containment of the NB with the fabric. After aquatic
physiotherapy, all the variables were reassessed, with
the DKUS being the last assessment, performed 15
minutes after the end of therapy.

2.3 Specific procedures

To assess diaphragmatic amplitude, an ultrasound
device was used — Sonosite, model M-turbo. The
NB was kept in dorsal decubitus, restrained with the
hands of one of the evaluators, keeping the head
centralized and the lower limbs flexed. A convex
transducer positioned on the right subcostal line
was used, using the liver as an acoustic window
and visualization in B-mode measured in M-mode.
After freezing the image, 3 waves of diaphragmatic
incursions were selected, and the amplitude was
measured from the base to the peak of each wave
and was measured by two evaluators.

Physiological parameters were monitored by
measuring axillary body temperature (ABT - normal
values between 36.5 and 37.2°C) using a digital axillary
thermometer. Heart rate (beats per minute - bpm;
110 to 170 bpm) and peripheral oxygen saturation
(SpO2 - 91 to 95%) were obtained using a pulse
oximeter of the brand Covidien Nellcor. Respiratory
rate was counted for 1 minute (40 to 60 incursiosn
per minute - ipm).'2

The NIPS scale was used to assess the presence
of pain in NBs. Six items are analyzed (facial
expression, crying, breathing, arms, legs, and state of
consciousness), with scores ranging from 0 to 2 for
each item. The total score ranges from 0 to 7, and
pain was present if the score was above 3.1

Respiratory effort was quantified using the RSS, which
assesses the following parameters: upper intercostal
retraction, lower intercostal retraction, xiphoid
retraction, nasalwing beat, and expiratory moan. Each
parameterisscored from 0 (no respiratory changes)to
2 (significant respiratory changes). The sum of all the
parameters indicates the child's respiratory status,
with 0 being the absence of respiratory distress, 1 to
3 considered mild distress, 4 to 6 moderate and equal
to or above 7 severe respiratory distress."”
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The behavioral state was defined according to the
modified Brazelton scale, which assesses different
states of sleep and alertness: (1) deep sleep, no
movements, and regular breathing; (2) light sleep,
eyes closed with some body movement; (3) drowsy,
eyes opening and closing; (4) inactive alertness,
awake, eyes open with minimal body movements;
(5) active alertness, fully awake with vigorous body
movements and (6) crying.'®

2.4 Environmental preparation

The protocol was performed 90 minutes after
breastfeeding. Aquatic physiotherapywas performed
in a bucket, which was filled with approximately 5
liters of water, with a temperature between 36.6 and
37.5°C, measured with a bath thermometer. The
immersion time was set at 10 minutes. The NB was
held with a soft cloth up to shoulder height, without
a diaper, keeping the body in a flexed posture. The
researcher held the participant by placing one hand
on the cervical region and the other on the sacral
region, maintaining the flexor pattern, and gently
placing them in the bucket, slowly immersing them
in an upright posture with their feet down until the
water was at shoulder height. After an adaptation
period in the water, the researcher positioned
his hands to the side of the NB's head, keeping it
submerged by means of assisted flotation. The
researcher performed gentle anteroposterior
and latero-lateral movements of the NB's body,
respecting the NB's spontaneous movement.

After 10 minutes of immersion, the researcher
removes the NB from the bucket in a flexed posture,
quickly wrapping it in a soft cloth, allowing no loss of
body temperature. Fifteen minutes after the end of
the aquatic physiotherapy, a new assessment of vital
data was performed, and then the DKUS.

2.5 Statistical analysis

After collection, the data was transferred to a
spreadsheet Excel for further analysis by the
software Statsoft ®. To calculate the sample size,
the main question of the study was considered:
evaluation of diaphragmatic amplitude before and
after aquatic physiotherapy. The equation used
to compare two groups with paired samples and
quantitative variables, with a significance level of
0.05, considered a sample size of 26 participants.
The DKUS evaluation was performed by two trained
physiotherapists, and an agreement test was
conducted between the evaluations.

The Shapiro-Wilk test was used to check the normality
of the variables. The paired T-test was used for
variables that followed normality, and the Wilcoxon
test for variables that did not follow normality. Linn's
intra-observer agreement coefficient was used to
assess the reliability of the ultrasound evaluation.

This study was approved by the Research Ethics
Committee of the hospital where the study was
performed (under CAAE 52216521.5.0000.0096 and
protocol number 5.075.270) and is registered with
the Brazilian Registry of Clinical Trials (ReBEC) under
code RBR-4kfh2bk.
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3. Results

The procedure for selecting participants is described in the flowchart shown in Figure 1.

Figure 1. Flowchart for including participants in the research

Eligible
n: 29

Not
collected
n: 02

Collections
n: 27

Interruption of
hydrotherapy due to
NB irritability
n: 01

Source: the authors (2023).

Twenty-six newborns participated in the study. Their characteristics at birth and at the time of collection are
represented in Table 1. Those born between 28 and 31 weeks and 6 days were considered very premature, those
born between 32 and 33 weeks and 6 days were considered moderately premature, those born between 34 and
36 weeks and 6 days were considered late premature, and those born at term were the ones born after 37 weeks
gestational age at birth.”®
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Table 1. Characteristics of the sample according to gestational age at birth and at collection, classification of degree of prematurity, weight at birth and at
collection, classification of weight according to gestational age, ventilatory support at collection and total length of stay (n= 26)

n
GAB (sem.) (mean £ SD) 33.8(x25)
Very premature (%) 5 19.23
Moderate preterm (%) " 42.31
Late preterm (%) 7 26.92
Newborn term (%) 3 11.54

; . 1.875,20
Birth weight (g) (mean £ SD) (+ 523.90)
AGA (%) 17 65.38
SGA (%) 8 30.77
LGA (%) 1 3.85
gg;;s of life at collection (mean + 18.7 (£5.4)
GAB (sem.) (mean £ SD) 36.3 (£2.0)
Weight at collection (gr) (mean + 2.001,00
SD) (+ 465.20)
Breathing in ambient air (%) 23 88.46
With oxygen therapy (%) 3 11.54
Length of stay in the NICU (Med in 30 (9-47)

days) (min—-max)

GAB: Gestational age at birth; AGA: Adequate for gestational age; SGA: Small for gestational age; LGA: Large for gestational age; NICU: Neonatal Intensive Care
Unit; sem.: weeks; SD: standard deviation; g: grams; Med: median.
Source: the authors (2023).

To assess diaphragmatic mobility using the DKUS, the paired T-test was used between the values measured before
and after aquatic physiotherapy. A statistically significant difference between the groups is p-value < 0.05. There
was a significant increase in diaphragmatic amplitude (p= 0.02) and SpO2 (p= 0.05). The physiological parameters
remained stable, fluctuating within normal limits, such as a 0.1° increase in ABT and 4.6 bpm in HR, as well as a 2.5
ipm reduction in RR after the intervention, all of which were not statistically significant. All the values are shown in
Table 2, divided by group before and after aquatic physiotherapy.

Table 2. Diaphragmatic amplitude by US and physiological parameters before and after aquatic physiotherapy (n= 26)

Before After
Parameter
(Mean + SD) (Mean £ SD)
Diaphragmatic amplitude (mm) 4.4 (£1.74) 5.4 (+1.38) 0.02
SpO2 (%) 95.8 (+2.9) 97.1 (+2.0) 0.05
ABT (°C) 36.7 (£ 0.2) 36.8 (+04) 0.8
146.9 (+
HR (bpm) 142.3 (+ 18.6) 15.6) 0.2
RR (ipm) 51.2(+11.8) 48.7 (£ 11.5) 0.3

Legend: mm: millimeters; SpO2: peripheral oxygen saturation; ABT: Axillary body temperature; HR: heart rate (beats per minute); RR: respiratory rate
(inhalations per minute); Statistical test: T Student.
Source: the authors (2023).
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After the intervention, none of the participants had any pain, and the level of respiratory discomfort did not
change significantly. The behavioral state was more active after the protocol (p=0.03), but at a level that does not

characterize behavioral disorganization, as shown in Table 3.

Table 3. Assessment of pain using the NIPS scale, level of respiratory discomfort assessed by the BSA, sleep and wakefulness using the Brazelton scale (n= 26)

Parameter Before Y% After % p
Yes 1 3.85 0
NIPS 1
No 25 96.15 26 100
No discomfort 17 65.38 16 61.54
RSS 1
Light 9 34.62 10 38.46
Deep sleep 8 30.77 2 7.69
Light sleep 9 34.62 6 23.08
Brazelton Drowsy 4 15.38 9 3462 0.03
Awaken 3 11.54 9 34.62
Active alert 2 7.69 0

Legend: Nips: Neonatal Infant Pain Scale; RSS: Silverman-Andersen Respiratory Severity Score; Brazelton: sleep-wake cycle assessment scale; Statistical test:
Pearson chi-square.

Source: the authors (2023).

To assess the agreement between the two diaphragmatic amplitude evaluators, the Lin's Concordance Correlation
Coefficient test was used, which assesses the reproducibility of the measurements, with a value of 1 indicating
maximum agreement. Using Lin's coefficient of agreement, an estimate of 0.98 and a 95% confidence interval of

0.948-0.992 were found.

Figure 2 shows the ultrasound image of diaphragmatic excursion amplitude before and after aquatic therapy.
We used the liver as an acoustic window and the diaphragm appears as a hyperechoic line. To measure, we
drew a Line A to mark the start of the diaphragm's contraction. Next, we measured three consecutive respiratory

movements, represented by points B, C, and D.
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Figure 2. M-mode ultrasound image of the diaphragm and diaphragmatic excursion before and after aquatic therapy

Legend: a: Liver = Diaphragm.
Source: the authors (2023).

4. Discussion

Aquatic physiotherapy increased diaphragmatic amplitude in hospitalized term and premature NBs evaluated by
the DKUS, reflecting an increase in peripheral oxygen saturation. The other physiological parameters remained
within the normal range, with no pain or respiratory discomfort and a more active behavioral state compared
to before the aquatic physiotherapy. The result found may be related to the response of the diaphragm during
immersion, since lung mechanics are influenced by hydrostatic pressure, with resistance at the moment of
inspiration and consequently a greater load on the inspiratory muscles, especially the diaphragm.™

For the pediatric public, the study by Braga et al.? evaluated the effects of aquatic physiotherapy on the PImax
of children with an average age of 12 with Down's Syndrome and also found a significant increase after 10
hydrotherapy sessions. In the study by Ho et al.2', which compared spirometry evaluations with DKUS in healthy
children and adolescents, a positive relationship was found between diaphragm excursion, spirometry, and
respiratory pressures. In the study by Sandi and Silva'’, an increase in maximum inspiratory pressure (PImax)
was found with manovacuometry in healthy young people after 20 minutes of body immersion at shoulder level,
without specific exercises, demonstrating that body immersion can increase inspiratory muscle strength.

Regarding the assessment of diaphragmatic amplitude by the DKUS, knowing the patient's diaphragmatic Mobility
helps direct the treatment and the benefits generated. They also report that even small changes in the movement
of the main breathing muscle can have repercussions on pulmonary ventilation and, consequently, on the
performance of activities of daily living.'?

Rev. Pesqui. Fisioter., Salvador, 2024;14:e5423
http://dx.doi.org/10.17267/2238-2704rpf.2024.e5423 | ISSN: 2238-2704

y - N



http://dx.doi.org/10.17267/2238-2704rpf.2024.e5423

The results obtained corroborate with aquatic
physiotherapy studies performed in a hospital
environment by Tedesco et al.?2 and Novakoski et
al.2, who found an increase in peripheral oxygen
saturation, observed after aquatic physiotherapy.
Possible explanations are related to the relaxation
offered by heated water, capable of improving the
diaphragmatic muscles? and, due to the hydrostatic
pressure of the water on the immersed body, increase
the pressure in the venous return system™, directing
blood from the lower limbs to the chest region, with
a consequent increase in pulmonary blood flow,
favoring better gas exchange, resulting in an increase
in peripheral oxygen saturation.242

Physiological parameters remained stable before and
after aquatic physiotherapy. There was no damage to
the thermoregulation of the participants, as the aquatic
physiotherapy was performed at a water temperature
like the NB's body temperature (36.5-37°C), a result
also found by Fonseca Filho et al.?¢ and Tedesco et al.?
HR and RR oscillations were not significant, remaining
within normal limits. In the studies by Tedesco et
al.22 and Novakoski et al.%, aquatic physiotherapy
did not destabilize the physiological parameters of
the participants. We associate these findings with
the effects of heated water, which causes muscle
relaxation, improves comfort, and can reduce stress-
related hormonelevels, promoting psychophysiological
relaxation for NBs.

Associated with these results, there was no pain,
no increase in respiratory discomfort, and the
behavioral state remained at levels that do not
characterize behavioral disorganization after aquatic
physiotherapy. Such findings are in line with studies
by Tedesco et al.??, Novakoski et al.%, and Lemos.*
These benefits are provided by the therapeutic effects
of heated water, such as vasodilation and increased
peripheral circulation, as well as a reduction in muscle
spasm, with consequent general muscle relaxation,
reducing cortisol levels. Aquatic physiotherapy
provides adequate stimulation, promoting better
organization and adaptation to the environment,

and the liquid environment also causes relaxation,
possibly because it reminds the NB of the intrauterine
environment.2>2628 All these variables demonstrate
the safety of performing aquatic physiotherapy on
NBs, maintaining their clinical stability before and
after the intervention.

Linking the results found in this study with the results
of the studies quoted above, we can suggest that
aquatic physiotherapy was a way of stimulating the
contraction of the diaphragmatic muscles, acting
positively on the respiratory work of NBs, as it
generated a significant increase in diaphragmatic
amplitude, without triggering respiratory effort or
pain, and also led to an increase in SpO2, results
which are of important clinical relevance.

However, no studies were found that used
diaphragmatic assessment by the DKUS with aquatic
physiotherapy as an intervention. There is a need for
more studies, with larger samples, that assess the
diaphragm by DKUS, as well as evaluate the benefits
of aquatic physiotherapy in the long term, such as
weaning or oxygen independence, in order to deepen
knowledge in this context.

5. Conclusion

In conclusion, aquatic physiotherapy promoted a
significant increase in diaphragmatic amplitude,
as well as an increase in SpO2, without causing
clinical instability in NBs or generating pain or
behavioral disorganization. It is suggested that
aquatic physiotherapy is beneficial for NBs over 30
weeks of gestational age. It can be used as a way
of stimulating the contraction of the diaphragmatic
muscles, in addition to the effects already known,
such as the sensory-motor stimulus provided by the
environment, which is reminiscent of the intrauterine
experience, promoting behavioral organization and
reducing stress.

Rev. Pesqui. Fisioter., Salvador, 2024;14:e5423
http://dx.doi.org/10.17267/2238-2704rpf.2024.e5423 | ISSN: 2238-2704

y - N



http://dx.doi.org/10.17267/2238-2704rpf.2024.e5423

Authors' contributions

Liberato KC participated in the collection, formulation of the
hypothesis, conception, design of the study, analysis, interpretation
of the data, and writing of the manuscript. Andreazza MG and Assis
MS worked in the collection, in the formulation of the hypothesis,
conception, study design, writing, revision of the manuscript, and
final approval of the version to be published. Sarquis ALF, Kovelis
DM, and Israel VL contributed to the formulation of the hypothesis,
design, study design, manuscript review, and final approval of
the version to be published. Lima MN participated in the analysis,
interpretation of the data, revision of the manuscript, and final
approval of the version to be published. Gomes EO worked on the
conception of the project, the formulation of the hypothesis, the
design of the study, the final revision of the manuscript, and the
final approval of the version to be published.

Conflicts of interest

No financial, legal, or political conflicts involving third parties
(government, private companies and foundations, etc.) have been
declared for any aspect of the submitted work (including but not
limited to grants and funding, participation in advisory boards,
study design, manuscript preparation, statistical analysis, etc.).

Indexers

The Journal of Physiotherapy Research is indexed by DOAJ, EBSCO,
LILACS and Scopus.

# DOAJ
LILACS O

EBSCO

References

1. Ministério da Saude, Secretaria de Atencdo a Saude,
Departamento de A¢des Programaticas e Estratégicas. Atengdo
humanizada ao recém-nascido: método canguru - manual
técnico [Internet]. 3a ed. Brasilia: Ministério da Saude; 2017. 342
p. Available from: https://bvsms.saude.gov.br/bvs/publicacoes/
atencao_humanizada_metodo_canguru_manual_3ed.pdf

2. Waitzman KA. The Importance of Positioning the Near-term
Infant for Sleep, Play, and Development. Newborn Infant Nurs
Rev. 2007;7(2):76-81. https://doi.org/10.1053/j.nainr.2007.05.004

3. Silva HA, Silva KC, Reco MON, Costa AS, Soares-Marangoni

DA, Merey LSF. Physiological effects of bucket hydrotherapy for
premature newborns. Rev Ter Ocup da Univ Sdo Paulo [Internet].
2017;28(3):309-15. Available from: https://www.researchgate.net/
publication/323612728_Efeitos_fisiologicos_da_hidroterapia_em
balde_em_recem-nascidos_prematuros_Physiological_effects_of
bucket_hydrotherapy_for_premature_newborns

4. Anjos FR, Nakato AM, Hembecker PK, Nohama P, Sarquis ALF.
Effects of hydrotherapy and tactile-kinesthetic stimulation on
weight gain of preterm infants admitted in the Neonatal Intensive
Care Unit. ] Pediatr. 2022;98(2):155-60. https://doi.org/10.1016/j.

jped.2021.04.011

5. Ghedini RG, Kaminski DM. Fisiologia muscular ventilatéria
do recém-nascido: implica¢des para a pratica clinica. PROFISIO
- Programa Atualizagdo em Fisioterapia Pediatrica e Neonatal
Cardiorrespiratéria e Terapia Intensiva. 2019;35-60.

6. Dassios T, Vervenioti A, Dimitriou G. Respiratory muscle
function in the newborn: a narrative review. Pediatr Res.
2022;91(4):795-803. https://doi.org/10.1038/s41390-021-01529-z

7. Briggemann AKV, Leal BE, Gongalves MA, Lisboa L, Tavares
MGS, Paulin E. Mobility of right and left hemidiaphragms in
healthy individuals and in individuals with chronic obstructive
pulmonary disease. Fisioter Pesqui. 2018;25(2):126-33. https://doi.
org/10.1590/1809-2950/16155925022018

8. El-Halaby H, Abdel-Hady H, Alsawah G, Abdelrahman A, El-
Tahan H. Sonographic Evaluation of Diaphragmatic Excursion
and Thickness in Healthy Infants and Children. J Ultrasound Med.
2016;35(1):167-75. http://doi.wiley.com/10.7863/ultra.15.01082

9. Dres M, Demoule A. Monitoring diaphragm function in the ICU.
Curr Opin Crit Care. 2020;26(1):18-25. https://doi.org/10.1097/
mcc.0000000000000682

10. Kreling JC, Rosa TR. Hidroterapia em Unidade Neonatal.
ASSOBRAFIR Ciéncia [Internet]. 2016;7(2):7-9. Available from:
https://assobrafirciencia.org/article/5dd5374d0e8825c82dc8fcab

11. Sandi NEF, Silva LD. Comparative analysis of respiratory
muscle strength in healthy individualsin soil and in the pool.
Fisioter Pesqui. 2018;25(2):182-7. https://doi.org/10.1590/1809-
2950/17761325022018

12. Tuinman PR, Jonkman AH, Dres M, Shi Z-H, Goligher EC, Goffi
A, et al. Respiratory muscle ultrasonography: methodology, basic
and advanced principles and clinical applications in ICU and ED
patients-a narrative review. Intensive Care Med. 2020;46(4):594-
605. https://doi.org/10.1007/s00134-019-05892-8

Rev. Pesqui. Fisioter., Salvador, 2024;14:e5423
http://dx.doi.org/10.17267/2238-2704rpf.2024.e5423 | ISSN: 2238-2704

y - Y



http://dx.doi.org/10.17267/2238-2704rpf.2024.e5423
https://doaj.org/toc/2238-2704
https://essentials.ebsco.com/search/eds/details/revista-pesquisa-em-fisioterapia?query=Revista%20Pesquisa%20em%20Fisioterapia&requestCount=0&db=edsdoj&an=edsdoj.36a9c2460ee94e368dcea71244f2aa37
http://portal.revistas.bvs.br/index.php?issn=2238-2704&lang=pt
https://www.scopus.com/sourceid/21101021219
https://doaj.org/toc/2238-2704
https://essentials.ebsco.com/search/eds/details/revista-pesquisa-em-fisioterapia?query=Revista%20Pesquisa%20em%20Fisioterapia&requestCount=0&db=edsdoj&an=edsdoj.36a9c2460ee94e368dcea71244f2aa37
http://portal.revistas.bvs.br/index.php?issn=2238-2704&lang=pt
https://www.scopus.com/sourceid/21101021219
https://bvsms.saude.gov.br/bvs/publicacoes/atencao_humanizada_metodo_canguru_manual_3ed.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/atencao_humanizada_metodo_canguru_manual_3ed.pdf
https://doi.org/10.1053/j.nainr.2007.05.004
https://www.researchgate.net/publication/323612728_Efeitos_fisiologicos_da_hidroterapia_em_balde_em_recem-nascidos_prematuros_Physiological_effects_of_bucket_hydrotherapy_for_premature_newborns
https://www.researchgate.net/publication/323612728_Efeitos_fisiologicos_da_hidroterapia_em_balde_em_recem-nascidos_prematuros_Physiological_effects_of_bucket_hydrotherapy_for_premature_newborns
https://www.researchgate.net/publication/323612728_Efeitos_fisiologicos_da_hidroterapia_em_balde_em_recem-nascidos_prematuros_Physiological_effects_of_bucket_hydrotherapy_for_premature_newborns
https://www.researchgate.net/publication/323612728_Efeitos_fisiologicos_da_hidroterapia_em_balde_em_recem-nascidos_prematuros_Physiological_effects_of_bucket_hydrotherapy_for_premature_newborns
https://doi.org/10.1016/j.jped.2021.04.011
https://doi.org/10.1016/j.jped.2021.04.011
https://doi.org/10.1038/s41390-021-01529-z
https://doi.org/10.1590/1809-2950/16155925022018
https://doi.org/10.1590/1809-2950/16155925022018
http://doi.wiley.com/10.7863/ultra.15.01082
https://doi.org/10.1097/mcc.0000000000000682
https://doi.org/10.1097/mcc.0000000000000682
https://assobrafirciencia.org/article/5dd5374d0e8825c82dc8fca6
https://doi.org/10.1590/1809-2950/17761325022018
https://doi.org/10.1590/1809-2950/17761325022018
https://doi.org/10.1007/s00134-019-05892-8 

13. Neindre AL, Mongodi S, Philippart F, Bouhemad B. Thoracic
ultrasound: Potential new tool for physiotherapists in respiratory
management. A narrative review. J Crit Care. 2016;31(1):101-9.
https://doi.org/10.1016/j.jcrc.2015.10.014

14. Doorduin J, Hees HWH, Hoeven JG, Heunks LMA. Monitoring
of the respiratory muscles in the critically ill. Am ] Respir Crit Care
Med. 2013;187(1):20-7. https://doi.org/10.1164/rccm.201206-

1117cp

15. United Medical Education. PALS Algorithms 2020 - Pediatric
Advanced Life Support [Internet]. [s.d.]. Available from: https://
www.acls-pals-bls.com/algorithms/pals/

16. Motta GCP, Schardosim JM, Cunha, MLC. Neonatal Infant Pain
Scale: Cross-Cultural Adaptation and Validation in Brazil. ] Pain
Symptom Manage. 2015;50(3):394-401. https://doi.org/10.1016/j.
jpainsymman.2015.03.019

17. Silverman WA, Andersen DH. A controlled clinical trial of
effects of water mist on obstructive respiratory signs, death rate
and necropsy findings among premature infants. Pediatrics.
1956;17(1):1-10. Citado em: PMID: 13353856.

18. Brazelton TB. Neonatal behavioral assessment scale. London:
William Heinemann Medical Books; 1973.

19. World Health Organization, March of Dimes, The Partnership
for Maternal, Newborn & Child Health, Save the Children. Born
Too Soon: The Global Action Report on Preterm Birth [Internet].
Geneva: World Health Organization; 2012. Available from: https://
www.who.int/publications/i/item/9789241503433

20. Braga HV, Dutra LP, Veiga JM, Pinto Junior EP. Effect of aquatic
physiotherapy on the respiratory muscle strength of children
and teenagers with down syndrome. Arq Ciéncias Saude UNIPAR
[Internet]. 2019;23(1):9-13. Available from: https://www.revistas.
unipar.br/index.php/saude/article/view/6392

21.Ho S, Rock K, Addison O, Marchese V. Relationships between
diaphragm ultrasound, spirometry, and respiratory mouth
pressures in children. Respir Physiol Neurobiol. 2022;305:103950.
https://doi.org/10.1016/j.resp.2022.103950

22. Tedesco NM, Nascimento ALF, Mallmann GS, Merey LSF,
Raniero EP, Gongalves-Ferri WA, et al. Bucket hydrokinesiotherapy
in hospitalized preterm newborns: a randomized controlled trial.
Physiother Theory Pract. 2022;38(13):2452-61. https://doi.org/10.1
080/09593985.2021.1926025

23. Novakoski KRM, Valderramas SR, Israel VL, Yamaguchi B,
Andreazza MG. Back to the liquid environment: effects of aquatic
physiotherapy intervention performed on preterm infants. Rev
Bras Cineantropom Desempenho Hum. 2018;20(6):566-75.
https://doi.org/10.5007/1980-0037.2018v20n6p566

24. Soares DS. Short-term effects of hydrotherapy on premature
with broncopulmonary dysplasia: preliminary results [dissertacao]
[Internet]. Londrina: Universidade Estadual de Londrina;

2020. Available from: http://www.bibliotecadigital.uel.br/
document/?code=vtIs000234083

25. Carregaro RL, Toledo AM. Efeitos Fisioldgicos e Evidéncias
Cientificas da Eficacia da Fisioterapia Aquatica. Movimenta
[Internet]. 2008;1(1):23-7. Available from: https://www.revista.ueg.
br/index.php/movimenta/article/view/7235

26. Fonseca Filho GG, Passos JOS, Almeida VA, Ribeiro CMA,
Souza JC, Silva GFA, et al. Thermal and cardiorespiratory newborn
adaptations during hot tub bath: a randomized clinical trial.

Int Arch Med [Internet]. 2017;10(85). Available from: https://
www.researchgate.net/publication/315997554_Thermal_and
cardiorespiratory_newborn_adaptations_during_hot_tub_bath

27. Lemos GC, Almeida TVC, Pinto MM, Medeiros AIC. Ofuro bath
effects on relaxation and weight gain of premature newborns

in neonatal care units. Rev Pesqui Fisioter. 2020;10(3):393-403.
https://doi.org/10.17267/2238-2704rpf.v10i3.2953

28. Aranha VP, Chahal A, Bhardwaj AK. Neonatal aquatic
physiotherapy in neonatal intensive care units: A scoping
review. ] Neonatal Perinatal Med. 2022;15(2):229-35. https://doi.
org/10.3233/npm-210858

Rev. Pesqui. Fisioter., Salvador, 2024;14:e5423
http://dx.doi.org/10.17267/2238-2704rpf.2024.e5423 | ISSN: 2238-2704

y Y



http://dx.doi.org/10.17267/2238-2704rpf.2024.e5423
https://doi.org/10.1016/j.jcrc.2015.10.014
https://doi.org/10.1164/rccm.201206-1117cp
https://doi.org/10.1164/rccm.201206-1117cp
https://www.acls-pals-bls.com/algorithms/pals/
https://www.acls-pals-bls.com/algorithms/pals/
https://doi.org/10.1016/j.jpainsymman.2015.03.019
https://doi.org/10.1016/j.jpainsymman.2015.03.019
https://pubmed.ncbi.nlm.nih.gov/13353856/
https://www.who.int/publications/i/item/9789241503433
https://www.who.int/publications/i/item/9789241503433
https://www.revistas.unipar.br/index.php/saude/article/view/6392
https://www.revistas.unipar.br/index.php/saude/article/view/6392
https://doi.org/10.1016/j.resp.2022.103950
https://doi.org/10.1080/09593985.2021.1926025
https://doi.org/10.1080/09593985.2021.1926025
https://doi.org/10.5007/1980-0037.2018v20n6p566
http://www.bibliotecadigital.uel.br/document/?code=vtls000234083
http://www.bibliotecadigital.uel.br/document/?code=vtls000234083
https://www.revista.ueg.br/index.php/movimenta/article/view/7235
https://www.revista.ueg.br/index.php/movimenta/article/view/7235
https://www.researchgate.net/publication/315997554_Thermal_and_cardiorespiratory_newborn_adaptations_during_hot_tub_bath
https://www.researchgate.net/publication/315997554_Thermal_and_cardiorespiratory_newborn_adaptations_during_hot_tub_bath
https://www.researchgate.net/publication/315997554_Thermal_and_cardiorespiratory_newborn_adaptations_during_hot_tub_bath
https://doi.org/10.17267/2238-2704rpf.v10i3.2953
https://doi.org/10.3233/npm-210858
https://doi.org/10.3233/npm-210858

	Impact of Aquatic Therapy in the NICU on diaphragmatic mobility assessed by ultrasound: clinical tri
	1. Introduction
	2. Methods
	2.1 Participants
	2.2 General procedures 
	2.3 Specific procedures
	2.4 Environmental preparation
	2.5 Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Authors' contributions
	Conflicts of interest
	Indexers
	References

