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SUMMARY

Objective: To determine the prevalence of thoracic musculoskeletal alterations and associated factors in infants
born prematurely. Methods: This was a cross sectional study with infants in the first year of age, born prematurely
with birth weight < 2,000 g, who were followed up at the Premature Clinic from February, 2007 to December,
2008. Exclusion criteria were: major congenital malformations as defined by the Centers for Disease Control and
Prevention (CDC), grade III/IV intraventricular hemorrhage, or periventricular leucomalacia. Physical exami-
nations performed independently by two physiotherapists were used to assess shoulder elevation and thoracic
retractions. Comparisons between groups were performed using the chi-squared test or Fisher’s exact test for
categorical variables, and Mann-Whitney’s test or Student’s ¢-test were used for continuous variables. Inter-
observer reliability between the two physiotherapists was assessed by the kappa coefficient. Variables associ-
ated with these thoracic musculoskeletal alterations were studied by univariate and multiple logistic analy-
ses. Statistical differences were considered significant when p < 0.05. This study was approved by the ethical
committee of the institution, and parents/guardians signed an informed consent. Results: 121 infants with
a gestational age of 31.1 + 2.8 weeks and birth weight of 1,400 + 338 g were included. Thoracic alterations
were detected by Physiotherapist 1 in 81 (66.9%) infants, and in 83 (68.6%) by Physiotherapist 2 (kappa
coefficient = 0.77). By multivariate logistic regression analysis, factors associated with thoracic musculo-
skeletal alterations were: respiratory distress syndrome (odds ratio [OR] = 3.246, 95% confidence interval
[CI]: 1.237-8.732), bronchopulmonary dysplasia (OR = 11.138, 95% CI: 1.339-92.621), and low length/age
ratio (OR = 4.571, 95% CI: 1.371-15.242). Conclusion: The prevalence of thoracic alterations was high in

infants born prematurely, and was associated with pulmonary disease and low length/age ratio.
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Resumo

Prevaléncia e fatores associados as alteracoes toracicas em lactentes
nascidos prematuros

Objetivo: Determinar a prevaléncia e os fatores associados as alteragdes tordcicas musculoesqueléticas em
lactentes nascidos prematuros. Métodos: Estudo transversal com lactentes no primeiro ano de vida, nascidos
prematuros com peso < 2000 g e acompanhados em um ambulatério de seguimento de prematuros, de fe-
vereiro/2007 a dezembro/2008. Foram excluidas criangas com malformagoes maiores definidas pelo CDC ou
com hemorragia peri-intraventricular grau III/IV ou leucomaldcia periventricular. Duas fisioterapeutas reali-
zaram o exame fisico, avaliando, de modo independente, a elevagdo de ombros e as retracoes da caixa tordcica.
O estudo foi aprovado pelo Comité de Etica em Pesquisa da Instituigio, sendo solicitada assinatura do Termo de
Consentimento pelos pais. As varidveis numéricas foram comparadas pelo teste t ou Mann-Whitney. O grau de
concordéncia entre as avaliagdes das fisioterapeutas foi obtido pelo coeficiente kappa e as varidveis associadas
as alteragoes tordcicas foram estudadas por regressao logistica univariada e multipla. Considerou-se significante
p < 0,05. Resultados: Foram estudados 121 lactentes com idade gestacional de 31,1 + 2,8 semanas e peso ao nas-
cer de 1400 + 338 g. A fisioterapeuta 1 detectou alteragoes tordcicas em 81 (66,9%) lactentes e a fisioterapeuta 2
em 83 (68,6%) (coeficiente kappa = 0,77). Os fatores associados as alteragdes musculoesqueléticas foram: sindro-
me do desconforto respiratério no periodo neonatal (OR=3,246; IC 95%: 1,237-8,732), ter apresentado displasia
broncopulmonar (OR=11,138; IC 95%: 1,339-92,621) e relagdo comprimento para a idade alterada (OR=4,571;
IC 95%: 1,371-15,242). Conclusao: A prevaléncia de alteragoes toracicas foi alta em lactentes nascidos prematu-

ros e associou-se a doenga pulmonar no periodo neonatal e baixa relagdo comprimento/idade.
Unitermos: Crianga; fisioterapia; prematuro; postura; caixa toracica.
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INTRODUCTION

Immaturity of the lungs, rib cage, and central nervous sys-
tem frequently require prolonged mechanical ventilation
and oxygen therapy in preterm infants. These therapies
may be associated with lung injuries such as bronchopul-
monary dysplasia, increasing morbidity and prolonging
hospitalization"?.

Recent studies have demonstrated that airway trap-
ping in infants with bronchopulmonary dysplasia persists
until adulthood®. This could increase the effort required
to breathe, thus causing biomechanical alterations during
childhood and adulthood, suggesting that preterm infants
should be routinely examined until adulthood.

To the authors’ knowledge, there are no studies on
the prevalence of thoracic musculoskeletal abnormalities
stemming from premature birth and associated factors in
preterm infants after discharge from neonatal intensive
care units (NICUs).

Thus, the purpose of this study was to assess the fre-
quency and the factors associated with such abnormalities
during the first year of life in infants born prematurely.

METHODS

This is a cross-sectional study with infants aged 1 to 12
months, born before 37 weeks of gestation, and with a
birth weight < 2,000g who were regularly examined at the
Premature Clinic between February, 2007 and Decem-
ber, 2008. The study was approved by the ethics commit-
tee of the institution, and the parents signed an informed
consent.

Preterm infants included in the study received routine
care from a team of physiotherapists who performed daily
bronchial hygiene, positioning, and stretching during their
NICU stay. After discharge from the NICU, and before in-
clusion in the study, the parents received routine general
recommendations regarding stimulation of their children’s
motor development.

Exclusion criteria for this study were major congeni-
tal malformations identified according to the Center for
Diseases Control and Prevention (2012)* guideline, grade
III/IV intraventricular hemorrhage or periventricular leu-
komalacia diagnosed by cranial ultrasound and/or mag-
netic resonance®®, or presence of acute respiratory tract
infections in the previous two weeks.

Infants in the study underwent physical examination
followed by a review of their medical charts for birth con-
ditions and clinical evolution. Since physical examination
is a subjective tool for detecting thoracic abnormalities,
it was independently performed by two physiotherapists,
in order to improve reliability (Physiotherapist 1 had ten
years of experience in evaluating premature infants, Phys-
iotherapist 2 had four years of experience). All infants were
placed in the supine position, without clothes. Based on

the established frequencies of clinical alterations observed
in adults and children with chronic pulmonary disease,
two abnormalities were specifically evaluated:

- Fixed elevation of the shoulders (positioning of the
rib cage in the inhalation phase when the child was
in the exhalation phase), or muscle tension in the
neck and shoulders at rest.

- Retraction in the rib cage (anterolateral region of
the thorax between the inframamillary region and
lower anterior ribs) was recorded when there was a
local depression during inhalation and exhalation.

STATISTICAL ANALYSIS

Statistical analysis was performed using the Statisti-
cal Package for the Social Sciences (SPSS) for Windows
(v. 17.0 - Chicago, IL, USA). Comparisons between groups
were performed with the chi-squared test or Fisher’s ex-
act test for categorical variables, and Student’s t-test for
continuous variables. Inter-observer reliability between
the two physiotherapists was assessed by the kappa coef-
ficient. Univariate analysis identified independent clinical
factors associated with the presence of thoracic alterations
(dependent variable). Significant clinical and statistical
variables identified in the univariate analysis were further
included in a multivariate logistic regression model (back-
ward stepwise). Differences were considered significant
when p-values were < 0.05.

REsuLTs

During the study period, 162 infants aged 1 to 12 months
were examined at the Premature Clinic. Of these, 27
(16.7%) were excluded: 17 with major malformations,
five with grade III/IV intraventricular hemorrhage
and/or periventricular leukomalacia, and five due to pa-
rental refusal. Of the 135 infants who met the eligibil-
ity criteria, 14 (10.4%) missed evaluation appointments.
121 (89.6%) infants were included, with a mean gestational
age at birth of 31.1 £ 2.8 weeks (25.0-36.9 weeks), birth
weight of 1,400 + 338 g (715-1,990g), median first min-
ute Apgar score of 8 (range: 2-9), and median fifth minute
Apgar score of 9 (range: 6-10). Fifty-seven (47.1%) of the
selected infants were males. On enrollment, the infants
had a mean age of 5.3 + 2.4 months (median of 5.3, range:
0.6 days to 11.7 months). The post-conceptual age at study
entry was of 3.3 £ 2.4 months (median of 3, range: -0.7 to
10.3 months).

On physical examination, Physiotherapist 1 identified
81 (66.9%) infants with musculoskeletal alterations: 22
(18.2%) with elevated shoulders, 32 (26.4%) with thoracic
retraction, and 27 (22.3%) with both abnormalities. Phys-
iotherapist 2 identified 83 (68.6%) infants with musculo-
skeletal abnormalities: 16 (13.2%) with elevated shoulders,
43 (35.5%) with thoracic retraction, and 24 (19.8%) with
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both abnormalities. There was agreement between the two
observers in 109 cases (90.1%) with elevated shoulders
and/or thoracic retraction, in 106 cases (87.6%) with el-
evated shoulders, and in 109 cases (90.1%) with thoracic
retraction. This corresponds to kappa coeflicients of 0.77
(standard error = 0.06), 0.74 (standard error = 0.06), and
0.80 (standard error = 0.05), respectively.

Analysis of the prevalence of thoracic alterations and
associated factors was performed on the physical examina-
tion results reported by Physiotherapist 1, because of her
greater professional experience.

Demographic and clinical characteristics of the stud-
ied infants are shown in Table 1. Regardless of the pres-
ence of thoracic alterations, infants in the study exhibited
similar nutritional status (weight/age ratio, length/age ra-
tio, weight/length ratio, and body mass index, according
to the World Health Organization [WHO] Child Growth
Standards)’, frequency of bronchiolitis and/or pneu-
monia (18.5% versus 10.3%, p = 0.30), sibilance (18.5%
versus 12.8%, p = 0.43), and need for hospitalization af-
ter discharge from the neonatal unit (14.8% versus 7.5%,
p = 0.38). Likelihood ratios of the independent variables
for the occurrence of thoracic alterations studied by uni-
variate analysis are shown in Table 2.

The following statistically significant variables derived
from the univariate analysis were included in the multi-
variate model: gestational age, presence of respiratory
distress syndrome, patent ductus arteriosus (with clini-
cal signs and symptoms and/or echocardiography altera-
tions), bronchopulmonary dysplasia (stated as a need for

supplemental oxygen therapy after 28 days of life), clinical
sepsis, number of days on mechanical ventilation, length
of NICU stay, and low length/age ratio. After adjustment
for variables included in the model, the multivariate lo-
gistic regression analysis demonstrated that the chance of
presenting thoracic alterations was higher in infants who
developed respiratory distress syndrome and/or bron-
chopulmonary dysplasia during their NICU stay and in
infants with a low length/age ratio in the first year of life
(Table 3).

Discussion

To the authors’ knowledge, this is the first study assessing
thoracic musculoskeletal abnormalities in infants born
prematurely. Although there are no data for comparison,
the prevalence of thoracic abnormalities found in this
study appears to be high, especially considering that the
infants included in this study received routine physiother-
apy in the neonatal unit for the prevention or rehabilita-
tion of cardiopulmonary impairment.

In premature infants, some factors could explain the
high prevalence of musculoskeletal alterations found in
this study. The immaturity of the lungs and rib cage fa-
vors an increase in the effort required to breathe, in case
of acute respiratory illness. Under these conditions, ac-
cessory respiratory muscles, such as the trapezius and
sternocleidomastoid, are recruited, thus increasing thora-
coabdominal asynchronism. Successive increases in respi-
ratory work during the neonatal period can alter respira-
tory muscles and, in the long-term, rib cage configuration.

Table 1 - Demographic and clinical characteristics of the studied infants, according to the presence of thoracic musculoskeletal
abnormalities, expressed by mean = SD, median (variation) or number (%)

With clinical abnormalities

Without clinical abnormalities

Variables (n = 81) (n = 40) p-value
Gestational age (weeks) 30.7+29 322+29 0.001
Birth weight (g) 1335 + 358 1533 + 252 0.001
1t minute Apgar score 8 (2-9) 8(3-9) 0.059
5" minute Apgar score 9 (4-10) 9 (7-10) 0.027
Small for gestational age n (%) 28 (34.6%) 13 (32.5%) 0.821
Respiratory distress syndrome n (%) 48 (59.3%) 8 (20.0%) < 0.001
Patent ductus arteriosus n (%) 23 (28.3%) 2 (5.0%) 0.002
Clinical sepsis [n (%)] 30 (37.0%) 8 (20.0%) 0.064
Intraventricular hemorrhage (I/11) [n (%)] 44 (54.3%) 14 (35.0%) 0.045
Bronchopulmonary dysplasia [n (%)] 29 (35.8%) 4 (10.0%) 0.003
Days on mechanical ventilation 7+13 1+2 <0.001
Days on oxygen therapy 25+ 29 6+9 < 0.001
Days of NICU stay 55 + 39 30+ 16 <0.001

p-value, comparison between infants with and without thoracic musculoskeletal abnormalities by Student’s t-test or Mann-Whitney'’s test for
continuous variables and chi-squared or Fisher’s exact test for categorical variables; NICU, neonatal intensive care unit; SD, standard deviation.
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Table 2 — Univariate logistic regression analysis with demographic and clinical variables associated with thoracic alterations

expressed by OR; 95% Cl

Variables OR 95% CI p-value
Gestational age (one-week decrease) 1.259 1.075-1.479 0.005
Gestational age < 30 weeks 3.771 1.494-9.519 0.005
Birth weight (one-gram decrease) 1.002 1.001-1.003 0.003
1st minute Apgar score < 7 2.145 0.737-6.246 0.162
Small for gestational age 1.097 0.491-2.453 0.821
Respiratory distress syndrome 5.818 2.383-14.204 <0.001
Patent ductus arteriosus 7.534 1.678-33.824 0.008
Clinical sepsis 2.353 0.960-5.767 0.061
Bronchopulmonary dysplasia 10.596 2.238-47.143 0.002
Mechanical ventilation 5.335 2.115-13.453 < 0.001
Days on mechanical ventilation 1.273 1.065-1.521 0.008
Days of NICU stay 5.057 2.226-11.489 <0.001
Sibilance? 1.545 0.518-4.612 0.432
Bronchiolitis and/or pneumonia? 1.989 0.613-6.450 0.252
Low weight/age ratio® 1.832 0.740-4.535 0.191
Low length/age ratio® 4.375 1.409-13.583 0.011
Low weight/length ratio® 3.040 0.353-26.168 0.311
Low body mass index® 1.094 0.315-3.799 0.888

aPresence of at least one episode after discharge from NICU; Pvariables measured at the inclusion in the study; NICU, neonatal intensive

care unit; OR, odds ratio; Cl, confidence interval.

Table 3 - Final model of multivariate logistic regression analysis: factors associated with thoracic musculoskeletal

abnormalities in infants born premature

Variables OR 95% CI p-value
Respiratory distress syndrome 3.246 1.237-8.732 0.020
Bronchopulmonary dysplasia 11.138 1.339-92.621 0.026
Low length/age ratio 4571 1.371-15.242 0.013

p = 0.004, Hosmer and Lemershow test: 0.609; OR, odds ratio; Cl, confidence interval.

Studies evaluating chest radiographs of children with
bronchopulmonary dysplasia showed that these patients
have significantly flatter chests than children without any
respiratory diseases>

Studies of adolescents with asthma also indicate that
the increased respiratory work that is caused by airway
obstruction could permanently alter the rib cage con-
figuration®. In patients with chronic obstructive pulmo-
nary disease, the hyperinflation caused by parenchymal
destruction could increase the rib cage diameter. The re-
sulting altered diaphragm position, and reduced muscle
contraction and tidal volume, cause the recruitment of ac-
cessory muscles of the neck and upper rib cage in order
to to maintain ventilatory demand, thereby causing typical
postural abnormalities in the long-term®°.

The thoracic alterations observed in this study could
be explained by physiological and anatomical factors. The
development of shoulder elevation reflects the use of neck
and upper thorax muscles, such as the trapezius, sterno-
cleidomastoid, and pectoral muscles, as imposed by in-
creased respiratory effort. Thoracic retraction occurs due
to thoracoabdominal asynchronism, causing depression of
the rib and sternum!'.

According to the univariate analysis, every one-week
decrease in gestational age increased the probability of
having such abnormalities by 1.3-fold, and every 10g
decrease in birth weight increased such a chance by 10-
fold. This suggests that lower gestational age and lower
birth weight represent a greater probability of morbid-
ity and need for life support, particularly, mechanical
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ventilation and oxygen therapy. Further, the univariate
analysis demonstrated that all variables related to respi-
ratory illness and the need for life support increased the
probability of thoracic abnormalities in the first year of life
(Table 2). Respiratory distress syndrome, patent ductus
arteriosus, and bronchopulmonary dysplasia are inter-
related and significantly contribute to the occurrence of
thoracic musculoskeletal alterations. The presence of pat-
ent ductus arteriosus is known to contribute to the devel-
opment of bronchopulmonary dysplasia'?, whose clinical
consequences may persist into adolescence’. Similarly, the
length of stay in the NICU represents the extent of clinical
evolution during the neonatal period, and thus showed an
association with thoracic abnormalities. The final model of
the multivariate logistic regression analysis indicated that
the presence of respiratory distress syndrome, broncho-
pulmonary dysplasia, and impaired growth as measured
by length/age ratio were associated with thoracic abnor-
malities. This reinforces the hypothesis that thoracic al-
terations detected in the first year of life could be related to
neonatal lung diseases.

Bronchopulmonary dysplasia may be followed by ob-
structive impaired lung function in the first years of life''?,
and may cause biomechanical alterations and recruitment
of all respiratory muscles, including the accessory muscles,
over a long period, leading to thoracic alterations. Data
shown in the present study corroborates this hypothesis.

The association between thoracic alterations and low
length/age ratio found in the univariate and multivari-
ate regression analysis appears to be a consequence of the
high caloric consumption caused by increased respiratory
effort, rather than a true cause of thoracic abnormality.
Factors such as intensive care intervention, poor nutri-
tion, increased respiratory effort, and infections during the
neonatal period appear to contribute to impaired growth.
Children with bronchopulmonary dysplasia showed
smaller weight and length increments than children born
prematurely who did not have any respiratory diseases
during the first year of life'*'*. This minimal gain in weight
and height may persist until adulthood'.

It would be expected that the occurrence of bronchiol-
itis and pneumonia after discharge from the neonatal unit
would increase the chance of thoracic alterations'”'*. How-
ever, the number of infants with bronchiolitis or pneumo-
nia in this study did not provide the necessary statistical
power to demonstrate this association.

A limitation of this study was that the prevalence of
observed musculoskeletal alterations might have been af-
fected by the fact that approximately 10% of the eligible
infants were not included. A physical examination is a
qualitative and subjective tool, and is dependent on the
examiner’s experience'; this could also be mentioned as
a limitation of this study. However, in the present study,

physical examinations were performed by skilled profes-
sionals and showed good inter-rater reliability, thereby
justifying its use as a reference standard for the assessment
of musculoskeletal alterations. Moreover, in a recent study
describing a new objective tool for the detection of thorac-
ic abnormalities based on photogrammetry, the research-
ers found a good correlation between shoulder elevation
detected by physical examination and the measurement of
the manubrium/acromion/trapezius angle (intraclass cor-
relation coefficient > 0.9), and between thoracic retraction
and measurement of the deep thoracic retraction (intra-
class correlation coefficient > 0.8)%.

As the presence of thoracic alterations was found to
be associated with neonatal pulmonary diseases, a new
study assessing pulmonary function in infants born pre-
maturely is already underway in this institution to investi-
gate whether these alterations are truly related to impaired
pulmonary function, as has been previously described**.

CONCLUSIONS

The prevalence of thoracic alterations was high in infants
born prematurely, and may also have compromised the
growth rate of these infants during the first year of life. If
evidence of thoracic musculoskeletal alterations in infants
born prematurely is confirmed by new studies, it will have
implications for follow-up protocols after NICU discharge.
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