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ABSTRACT 
 

Background: There is a large incidence of congenital thoracic abnormalities that manifest as 
deformities and or defects of anterior chest walls. Thoracic abnormalities in preterm infants may 
also be associated with malpositioning in the incubator in the presence of respiratory disease and 
prolonged mechanical ventilation. Immaturity of respiratory and musculoskeletal system need to 
compromise biomechanical function of thorax. Thus, the purpose of the study is to access the 
thoracic alteration and the factors associated with its abnormalities in the infants born prematurely. 
Objective: Assess thoracic alteration in premature infants.   
Methods: This was an observational study with infants in first year of age, born prematurely with 
birth weight < 2000g. Exclusion criteria were: major congenital malformations as defined by the 
centers for disease contol and prevention, grade III/IV intraventricular hemorrhage or preventricular 
leucomalacia. Physical examinations were performed independently to assess shoulder elevation 
and thoracic alterations.  
Results: 34 infants born prematurely were included for the study according to the inclusion criteria 
from which 20 infants (58.8%) showed thoracic abnormalities and remaining 14 infants (41.1%) 
were without abnormalities.  
Conclusion: The prevalence of thoracic abnormalities was high in infants born prematurely, and 
was associated with pulmonary disease, and may also have compromised the growth rate of these 
infants during the first year of life. 
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1. INTRODUCTION 
 
There is a large incidence of congenital thoracic 
abnormalities that manifests as deformity and or 
defects of the anterior chest wall, which may also 
have cardiopulmonary and vascular implications. 
As there is immaturity of the lungs, ribcage and 
central nervous system, which frequently needs 
prolonged mechanical ventilation and oxygen 
therapy in preterm infants. The therapy may be 
associated with lung injuries such as, 
bronchopulmonary dysplasia, which                  
increases the morbidity and prolonged stay in 
hospital [1].

 

 
The thoracic abnormalities in preterm infants 
may also be associated with malpositioning in 
the incubator in the presence of respiratory 
disease and prolonged mechanical ventilation [2-
4]. In the premature infants, some factors could 
explain the high prevalence of musculoskeletal 
alterations [5,6]. The immaturity of the lungs and 
the ribcage favors and increase the effort 
required for breathing, in case of acute 
respiratory illnesses. Under these conditions, 
accessory respiratory muscles, such as trapezius 
and sternocleidomastoid, are recruited, thus 
increasing thoraco-abdominal a synchronism

 
[1]. 

In patients with chronic obstructive pulmonary 
disease, the hyperinflation caused by 
parenchyma destruction could increase the 
ribcage diameter

 
[1]. The resulting altered 

diaphragm position and reduced muscle 
contraction and tidal volume, cause the 
recruitment of accessory muscles of the neck 
and upper ribcage to maintain ventilatory 
demand, thereby causing typical postural 
abnormalities [7,8]. 
 
Respiratory distress syndrome, patent ductus 
arteriosus and bronchopulmonary dysplasia are 
inter-related and significantly contribute to the 
occurrence of thoracic musculoskeletal 
alterations

 
[1]. The presence of patent ductus 

arteriosus is known to contribute to the 
development of bronchopulmonary dysplasia, 
whose clinical consequences may persist into 
adolescence, which increases the stay in the 
NICU.  
 
Bronchopulmonary dysplasia may be followed by 
obstructive impaired lung function in the first year 
of life and may cause biomechanical alterations 
and recruitment of all the respiratory muscles 
including the accessory respiratory muscles, over 

a long period leading to thoracic alterations
 
[1]. In 

preterm infants tidal breathing components that 
identify the asynchrony and paradoxical motions 
between the ribcage and abdominal 
compartments may be different from those of the 
healthy full-term infants because of their shape, 
deformity and high compliance of the premature 
thorax. The infants born prematurely, at one year 
of age, with low gestational age, birth weight, 
respiratory distress syndrome are in need of 
mechanical ventilation or prolonged oxygen 
therapy.  
 

The high rate of musculoskeletal alteration are 
observed in specific anatomical and physiological 
characteristics of preterm infants: less ribcage 
ossification, resulting in increased flexibility, 
immature contractile activity of the intercostal 
and accessory respiratory muscles, reduce 
efficiency of diaphragmatic contraction due to 
limited excursion and limited strength of 
inspiratory and expiratory muscles [9-11]. These 
factors lead to increased work of breathing, 
resulting in thoracic abnormalities in the long 
term

 
[12]. These alterations can appear as a 

consequence of cardiopulmonary diseases 
during the neonatal period and may persist long 
term.  
 

The chronic respiratory morbidity can be 
observed in premature infants, particularly in 
those having bronchopulmonary dysplasia and 
may cause musculoskeletal abnormalities in 
childhood as a consequence of increased work 
of breathing [13-15]. Thus, the purpose of this 
study is to assess the thoracic alterations and the 
factors associated with its abnormalities in 
infants born prematurely. 
 

2. METHODS 
 

It was a cross- sectional study in which 34 of 
infants of age between 1 to 12 months 
prematurely born. The parents/guardians signed 
the informed consent forms.  
 

The infants were selected according to the 
inclusion and exclusion criteria, with gestational 
age <37 weeks and birth weight <2000g. 
Exclusion criteria were infants with congenital 
malformation, Grade iii/iv intraventricular 
hemorrhages, preventricular leucomalacia 
diagnosed by cranial ultrasound and/ or magnetic 
resonance. 
 

Infants who met the inclusion criteria were 
subjected to physical examination and a 
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photographic session. The photographs were 
analyzed using a software SAPO. 
 

2.1 Physical Examination [12] 

 
For physical examination the infants were 
positioned on their back with their thorax visible. 
As the frequency of clinical alteration observed in 
adults and children with chronic pulmonary 
disease two abnormalities were noted 
specifically. 
 

• Shoulder elevation  
• Retraction in the rib cage 

 

2.2 Photography 
 
Two photographs were taken of every infant in 
supine position with different angles and varying 
distance. 
 
Photograph 1: Prior taking the first photograph 
an adhesive was attached to the manubrium, 
acromion and trapezius muscle (lateral third of 
the clavicle). It was taken in frontal plane and 
was used to assess shoulder elevation. A digital 
camera was placed at the end of 30-cm rod that 
was attached to a tripod 150 cm high, parallel to 
infant and at distance of 70 cm perpendicular to 
thorax. 
 
Photograph 2: Prior taking the second 
photograph an adhesive tape was attached 
longitudinally to the skin between the left nipple 
and last rib following the curvature of the thorax. 
A straight rod marked every point 0.5 cm was 
placed above the tape and fixed with adhesive 
tape at each end. It was taken on the sagittal 
plane with a digital camera attached to a tripod, 
20cm from the side of the bed and from a height 
of 95 cm.  
 

2.3 Photograph Analysis 
 

All photographs were analyzed using SAPO. The 
steps of analysis were: open the photograph, 
zoom to 100%and calibrate the image based on 
the plumb line and the mark the anatomical 
points on the photographs. 
 
The detection of borders function was used for 
photograph 1 in order to facilitate observation of 
the marks on the acromion and trapezius 
muscles. Due to normal asymmetry of body, only 
one side (right side) was chosen to the fixed 
elevation of the shoulders. 

The distance measurement function was used for 
photograph 2. Before analysis, the photograph 
was calibrated on known measurements of the 
rod. A perpendicular distance between the rod 
and the edge of the adhesive tape determine the 
retraction depth. The greatest thoracic retraction 
depth (GTD) was used for the analysis. 
 

2.4 Statistical Analysis 
 

The analysis for the study was done with the of 
qualitative data measure the graphs were 
presented by Graph Pad Instat 3.1 version. 
 

3. RESULTS 
 

During the study period, 34 infants with age 
between1 to 12 months and weight of > 2000g 
were examined. Among which 25 (73.5%) male 
and 9 (26.4%) female, with weight 
(1389.1±343.91) range 885 to 1893g, age 
ranging between 20 to 27 were 8 (23.5%) and 
infants more than 27 weeks were 26 (76.5%). On 
analysis of the photograph infants with 
abnormalities were 20 (58.8%) and infants 
without abnormalities were 14 (41.1%). 
 

For analysis of the demographic and clinical 
characteristics of the studied infants’ physical 
examination were performed. Infants with 
shoulder elevation presented with smaller 
manubrium/ acromion/ trapezius angle [139.6 º to 
152.7º (145.91 ± 4.213)] and the greatest 
thoracic depth [0.3 to 0.9 cm (0.5824 ± 0.1977)]. 
 

Regardless of the presence of thoracic 
alterations, infants in the study exhibited similar 
nutritional status. The following statistically 
significant variables derived from the univariate 
analysis were included in the multivariate model: 
type of delivery, gestational age and birth weight. 
 

4. DISCUSSION 
 

To the author’s knowledge, there are a few 
studies done on assessing thoracic abnormalities 
in infants born prematurely. Although there are 
no data for comparison, the prevalence of 
thoracic abnormalities found in this study are 
high. In premature infants, some factors could 
explain the high prevalence of musculoskeletal 
alterations found in this study there is large group 
of congenital abnormalities of thoracic cage that 
manifest as deformities and defects of the 
anterior chest wall, which also may have 
cardiopulmonary and vascular implications. This 
diverse group includes pectus excavatum, pectus 
carinatum, pouter pigeon breasts, Poland 
syndrome and cleft sternum.  
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Table 1. Distribution of study variables among thoracic abnormalities in premature infants 
 

Variables for Thoracic Abnormalities Frequency Percentage (%) 

Type of Delivery 
Normal 7 20 
LSCS 27 79.4 
Age of Baby (Years) 
20-27 8 23.5 
More than 27 26 76.5 
Gender of the Baby 
Male 25 73.5 
Female 9 26.4 

 

Table 2. Percentage and Frequency found in premature infants 
 

  Frequency Pecentage (%) 

Abnormalities 20 58.8 
Normal 14 41.1 

 

Table 3.  Weight of infant, manubrium - acromion – trapezius angle, greatest thoracic retraction 
depth 

 

Weight of Baby (Gm.) 

MEAN±SD 1389.1 ± 343.91 
Mat 
MEAN±SD 145.91 ± 4.213 
GTD 
MEAN±SD 0.5824 ± 0.1977 

 

 
 

Fig. 1. Graphical representation distribution of study variables among thoracic abnormalities 
in premature infants 
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Fig. 2. Prevalence thoracic abnormalities 
 

 
 

Fig. 3. Graphical representation of weight of infant, manubrium - acromion – trapezius angle, 
greatest thoracic retraction depth 
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The immaturity of the lungs and rib cage favors 
an increase in effort required to breathe, in case 
of acute respiratory illness. Under these 
conditions, accessory respiratory muscles, such 
as trapezius and sternocleidomastoid are 
recruited, thus increasing thoracoabdominal 
asynchronism

 
[1]. Successive increase in 

respiratory work during the neonatal period can 
alter respiratory work during neonatal period can 
alter respiratory muscles and, in the long term, 
rib cage configuration. 
 
In patients with chronic obstructive pulmonary 
disease, the hyperinflation caused by 
parenchyma destruction could increase the rib 
cage diameter. The resulting altered diaphragm 
position, and reduced muscle contraction and 
tidal volume, cause the recruitment of accessory 
muscle of the neck and upper rib cage in order to 
maintain ventilator demand, thereby causing 
typical postural abnormalities in the long term. 
The development of shoulder elevation reflects 
the use of neck and upper thorax muscles, such 
as the trapezius, sternocleidomastoid, and 
pectoral muscles, as imposed by increased 
respiratory effort. Thoracic retraction occurs due 
to thoracoabdominal a synchronism, causing 
depression of the rib and sternum. 
 

According to univariate analysis, every 10g 
decrease on birth weight increased the 
probability of having such abnormalities by 10-
fold. This suggests that lower birth weight 
represent a greater probability of morbidity and 
need for life support, particularly, mechanical 
ventilation and oxygen therapy. Further, the 
univariate analysis demonstrated that all 
variables related to respiratory illness increased 
probability of thoracic abnormalities in first year 
of life. 
 

A physical examination is a qualitative and 
subjective tool, and is dependent upon 
examiners experience; this could also mention as 
a limitation of this study. However present study, 
physical examinations were performed by 
professionals, thereby justifying its use as a 
reference standard for the assessment of 
musculoskeletal alterations.  
 

The presence of thoracic alterations was found to 
be associated with neonatal prematurity and 
pulmonary diseases. 
 

5. CONCLUSION 
 

The prevalence of thoracic abnormalities was 
high in infants born prematurely, and may also 

have compromised the growth rate of these 
infants during the first year of life. This study 
could be useful for early diagnosis of thoracic 
abnormalities in premature infants; and may 
contribute to follow up programme for preterm 
infants and the development of further related 
studies. 
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