
APOSTEROLATERAL THORACOTOMY INCISION IS

a relatively common surgical approach for
closed procedures in infants and children with

congenital cardiac malformations. This approach
results in division of the latissimus dorsi and serratus
anterior muscles. Division of these muscles can result
in significant postoperative pain, diminished pul-
monary function, and marked impairment of motion.

The thoracotomy incision may also result in long-
term physical impairment and deformity. Scoliosis
has been reported to develop with an incidence of
22% several years after left posterolateral thoraco-
tomy for correction of aortic coarctation in infancy

and childhood.1 The long-term musculoskeletal 
consequences of thoracotomy for surgical treatment
of congenital cardiac disease, however, have seldom
been evaluated.2–6 With this in mind, we sought to
determine whether a posterolateral thoracotomy 
performed in children with congenital cardiac disease
influences the postoperative anatomy and function
of the musculoskeletal system.

Materials and methods

We evaluated 49 children, 28 boys and 21 girls,
undergoing surgery through a posterolateral thora-
cotomy in the forth-intercostal space for treatment
of congenital cardiac disease at Hacettepe University
Hospital. An additional median sternotomy was
needed in 9 (18%) of the patients.

By means of a general clinical examination and
radiological studies, we evaluated thoracic symmetry,
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Abstract The standard surgical approach for closed heart procedures in small infants and children is to use a
posterolateral thoracotomy incision, which results in the division of the latissimus dorsi and serratus anterior
muscles. The aim of our study was to determine the frequency and type of musculoskeletal deformities in chil-
dren undergoing surgery with this approach for congenital cardiac disease.

We included 49 children, 28 boys and 21 girls, in the study. Their mean age was 10.2 � 4.8 years, the mean
age at the time of surgery was 3.8 � 4.0 years, and they were evaluated at an average of 6 years after the thora-
cotomy. Of the patients, 94% had various musculoskeletal deformities. Scoliosis was observed in 15 patients
(31%) but only in two patients did the curves exceed 25 degrees. Of these patients, three-fifths had aortic coarc-
tation. Elevation of the shoulder was seen in 61%, winged scapula in 77%; while 14% had asymmetry of the
thoracic wall due to the atrophy of the serratus anterior muscle. Deformity of the thoracic cage was observed in
18%; and 63% had asymmetry of the nipples. 

Thus, we found that musculoskeletal deformities are frequent after thoracotomies in children with congeni-
tal cardiac disease. Patients who have undergone such procedures for cardiac or noncardiac surgery should be
followed until their skeletal maturation is complete. Techniques sparing the serratus anterior and latissimus
dorsi muscles should be preferred. These adverse effects of thoracotomy may be another reason for using inter-
ventional procedures in these cases.
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deformities of the shoulders, scoliosis, lordosis and
kyphosis of the axial skeleton, and mammary mal-
development. Radiographs of the chest and the com-
plete spine of all patients were analyzed. Scoliosis
was diagnosed when a curve of 10° or more was obser-
ved following Cobb’s technique of measurement.7

All children were evaluated by physicians from the
department of Physical Medicine and Rehabilitation.
Patients with congenital or other abnormalities that
might have caused spinal or pectoral deformities
were excluded from the study.

The mean age of the patients was 10.2 � 4.8 years,
with a range from one and a half to 22 years. The
mean age at the time of surgery was 3.8 � 4.0 years,
with a range from one month to 17 years, and the
evaluation was performed at an average of 6 years
after thoracotomy, with a range from one to 12 years.
Various types of cardiac malformations has been
present in our patients, who underwent different
cardiac surgical procedures (Table 1). Some of these
patients had more than one cardiac lesion. In 15,
there was aortic coarctation, while 13 had complex
cyanotic disease, 11 had patency of the arterial duct,
7 had ventricular septal defects and pulmonary hyper-
tension, and 3 patients had discordant ventriculo-
arterial connections.

Results

Various musculoskeletal deformities were found 
in 46 (94%) of the patients (Table 2). Scoliosis of 
10 degrees or more was observed in 15 patients
(30.6%), eight being male and seven female, giving
a frequency of 28.6% in the female and 33.3% in the
male patients. Scoliosis was mild or moderate in 13
(26.5%). Only two had curves in excess of 25 degrees
(Fig. 1). The scoliosis was thoracolumbar in 5, lum-
bar in 4, thoracic in 3 and cervicothoracic in 3 cases.
Of these patients, three-fifths had aortic coarctation.

Asymmetry of the shoulders was seen in 61% of
the patients. In 47%, there was prominent elevation
of the left shoulder, while in the other 14% it was
the right shoulder that was elevated. A winged
scapula was found in 77%, left-sided in 61%, right-
sided in 8%, and bilateral in 8%. In another 14%,
there was marked asymmetry of the thoracic wall
due to the atrophy of the serratus anterior muscle.
Deformity of the thoracic cage was observed in 18%
of patients. Finally, 63% had asymmetry of the nip-
ples, with the mean difference between the levels of
the two nipples being 0.7 � 0.6 cm.

Discussion

The prevalence of scoliosis in patients who have con-
genital cardiac disease, whether corrected operatively

Table 1. Operative procedures performed using a posterolateral
thoracotomy incision.

Number 
Diagnosis Operation of cases

Aortic coarctation Repair 15
Complex cyanotic congenital Left Blalock-Taussig 13
cardiac disease shunt

Patentcy of the arterial duct Ligation 11
Ventricular septal defect and Pulmonary banding 7
pulmonary hypertension

Discordant Left Blalock-Taussig 3
ventriculo-arterial shunt
connections

Table 2. Musculoskeletal deformities seen in the study.

Number 
Deformity of cases Percent (%)

Winged scapula 38 77
Nipple asymmetry 31 63
Shoulder elevation 30 61
Scoliosis 15 31
Thoracic cage deformity 9 18
Thoracic wall asymmetry 7 14

Figure 1.
One of the patients who had a curve exceeding 25 degrees as meas-
ured by the method of Cobb.
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through a thoracotomy or not treated surgically 
is described as ranging between 1 and 19 %,1–3,6,8,9

while the incidence of adolescent idiopathic scoliosis
has been reported to be 2–3%.10 This relatively wide
range in the incidence of scoliosis associated with
congenital cardiac disease is thought to be due to dif-
ferences in the types of such diseases and the effects 
of cardiac surgery. White et al.5 reported that two-
thirds of the patients with cyanotic congenital heart
disease had scoliosis, while one-quarter of the acya-
notic patients had scoliosis. They found that scoliosis
was more common in female than in male patients.5

Overall, scoliosis was found in two-fifths of the total
group examined, with one-fifth having measurable
curvatures of more than 10 degrees.5 The average age
of onset of scoliosis was 11 years, so that any study
examining all ages would report a lower incidence.

Reckles et al.6 studied the effects of cardiac surgery
on patients with congenital cardiac disease, and on
the subsequent development of scoliosis, and found
no correlation between scoliosis and cardiac surgery.
On the other hand, Van Biezen et al.1 performed a
follow-up study of 160 patients with aortic coarcta-
tion. They noted that scoliosis developed in one-fifth
of the patients after thoracotomy, with none of the
patients having had a scoliosis before the operation.
Kawakami et al.11 evaluated chest roentgenograms 
of 680 patients who underwent cardiac operations
because of congenital malformations and found that
one-tenth had scoliosis of more than 10 degrees,
although most of them had mild curves. In our study,
the patients were evaluated a mean of 6 years after the
operation, in contrast to the study of Kawakami et al.11

who evaluated the X-rays at the time of the operation.
The etiology of scoliosis associated with congen-

ital cardiac disease is still unknown. According to
some authors, the disease itself is the main cause of
the higher prevalence of scoliosis, suggesting that
the increased size of the heart increased the risk of
scoliosis.2,3,6,9 Other theories have also been pro-
posed to explain the etiology. Roth et al.8 reported 
a higher prevalence of scoliosis in cyanotic patients
compared with acyanotic ones, and suggested that
impaired oxygenation and deficient blood supply to
the vertebral bodies or supporting tissues might be
causative factors in the development of scoliosis. The
study of Kawakami et al.11 in contrast, did not show
any correlation between cyanosis and scoliosis. They
reported that all patients who had scoliosis and patency
of the arterial duct demonstrated scoliosis after a left
thoracotomy. In our study, 15 patients (31%) had
scoliosis of more than 10 degrees after a left thoraco-
tomy, and three-fifths of them had aortic coarctation.
Furthermore, Durning et al.12 reported that a spinal
curve of 10 degrees or more was found in half of
eighteen patients who were followed for more than

ten years after a thoracotomy performed for repair 
of tracheoesophageal fistula or esophageal atresia, or
both. Our results, and those reported in the litera-
ture, show that scoliosis and congenital cardiac dis-
ease have multifactorial relations. 

We also observed various musculoskeletal sequels
after thoracotomies performed for cardiac surgical
procedures. A deformity of the chest, with elevation
of one shoulder, has previously been described, and is
a consequence of division of branches of the nerves
supplying the latissimus dorsi and serratus anterior
muscles.7,13,14 Alley15 has warned surgeons about
the dangers of section and denervation of the serratus
anterior muscle, this being responsible for functional
impairment of the muscles of the shoulder girdle.
Almost four-fifths of our patients had a winged
scapula, which has been reported to be produced 
by injury of the long thoracic nerve and consequent
paralysis of the serratus anterior muscle.16–18 Our
results also suggest that atrophy of the serratus ante-
rior muscle caused the marked asymmetry of the tho-
racic wall seen in one-sixth of our patients.

Asymmetry of the nipples was found in almost
two-thirds of the patients. Among the 10 girls who
have now had development of the breasts, 6 showed
some kind of undesirable cosmetic sequel. Asymme-
try and maldevelopment most probably results from
an adherent and prolonged transverse thoracotomy
scar. The psychological impact is considerable, and
constitutes the primary complaint of these young girls.
Mammary maldevelopment due to the thoracotomy
scar has been reported in 3 out of 11 girls after repair
of tracheoesophageal fistula.7 It is also reported that
respiratory dysfunction and phrenic palsy have
occurred subsequent to a thoracotomy,7,19 but these
complications were not evaluated in our patients.
The lack of longitudinal follow-up of our patients is
one of the limitations regarding our study. In future,
it will be interesting to compare our findings with
patients who have undergone thoracotomies for pul-
monary or pleural disorders. Our results suggest that
multicentre studies are now needed to determine the
differences in the frequency of musculoskeletal defor-
mities subsequent to thoracotomies. 

In conclusion, our study suggests that skeletal
deformities can appear at any time after a thoraco-
tomy, from early childhood to skeletal maturity.
Patients undergoing a thoracotomy, therefore, should
be evaluated periodically for the development of mus-
culoskeletal deformities. These results have shown
that the thoracotomy incision is not an innocent pro-
cedure. All efforts should be undertaken to prevent
denervation of both the latissimus dorsi and serratus
anterior muscles. These adverse effects of thoraco-
tomy may be another reason for considering inter-
ventional procedures in these patients.
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