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Purpose: This study reports the incidence, severity, and predictors of musculoskeletal deformities (MD), including
scoliosis and chest wall anomalies, following thoracic procedures in children.
Methods: Children younger than 14 years who had thoracic surgery between 1997 and 2012 and had no other
predispositions to MD, underwent longitudinal follow-ups with dedicated musculoskeletal examination per-
formed in an esophageal atresia, orthopedic, or research clinic. Incidence of MD was calculated, and logistic re-
gression methods were used to determine independent predictors, including sex, gestational age, age at
procedure, serratus anterior muscle division, and chest tube placement.
Results: The study cohort consisted of 104 patients followed for a median of 10.8 years (range 3–21). A total of 56
MD developed in 41 patients (39%), including scapular winging (24; 23%), scoliosis (17; 16%), and chest wall
anomalies (15; 14%). The majority of MD were subclinical, with only 8 patients [8% (6 thoracotomies, 2

thoracoscopies)] requiring intervention. Among patients whounderwent thoracotomies (93, 89%), serratus ante-
rior muscle division was the only significant predictor of the development of MD [OR 8.9; 95% CI 2.8–32.6].
Conclusion:Musculoskeletal deformities develop in a significant proportion of children following thoracic surgery,
but most are subclinical. A muscle-sparing technique decreases the incidence of these deformities.
Type of Study: Prospective Cohort Study.
Level of Evidence: Level II.

© 2020 Elsevier Inc. All rights reserved.
Ample evidence exists associating pediatric thoracotomywith an in-
creased risk of developing musculoskeletal deformities, including chest
wall deformities such as pectus carinatum or pectus excavatum, scapu-
lar anomalies, and scoliosis, with a prevalence of up to 50% [1–5]. How-
ever, these studies typically reflect older thoracotomy techniques that
were characterized by generous muscle division and rib fusion [1–10].

The standard thoracotomy approach in neonates and children is un-
dertaken using a posterolateral incision extending from the anterior ax-
illary line and curving behind the scapula. It also involves division of the
latissimus dorsi and serratus anterior muscles. This may subsequently
lead to injury of the long thoracic nerve and consequent atrophy of
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the serratus anterior muscle, resulting in many of the musculoskeletal
sequelae associated with thoracotomies [1,4,6,7].

Modern pediatric thoracotomy techniques attempt to preserve the
major chest wall muscles by either their retraction or disinsertion
[11–13]. Ribs are never resected and approximation of the chest wall
is carefully performed to avoid rib fusion. Moreover, the last two de-
cades have seen an increased utilization of thoracoscopy by pediatric
general and cardiac surgeons, with improvements in postoperative
pain management, length of hospital stay, and cosmesis [14,15]. It has
been assumed that theseminimally invasive techniques will also signif-
icantly decrease or eliminate musculoskeletal defects. However, this as-
sumption has not been studied. Rather, this inference stems from
comparisons of thoracoscopic outcomes with thoracotomies performed
in the 1980s and 90s [14–16].

Few studies have evaluated whether modern thoracotomy and
thoracoscopy techniques are associated with the same risks of long-
term musculoskeletal morbidities as compared with the traditional
muscle-severing thoracotomy.We hypothesize that thesemodern tech-
niques are associatedwith fewermusculoskeletal deformities compared
to the standard thoracotomy. Therefore, the purpose of this studywas to
conduct a contemporary analysis and comparison of the incidence,
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severity, and predictors of musculoskeletal deformities in children who
have undergone a thoracic procedure, specifically standard thoracot-
omy, muscle-sparing thoracotomy, and thoracoscopy.

1. Methods

1.1. Study population

The study population consisted of children who had undergone a
thoracic procedure, either thoracotomy or thoracoscopy, prior to the
age of 14 years during the 15-year period between January 1, 1997
and January 1, 2012, andwho survived for aminimumof 3 years follow-
ing the procedure. Patients with congenital anomalies known to predis-
pose tomusculoskeletal deformities (e.g. butterfly vertebrae, congenital
diaphragmatic hernia, congenital chest wall deformity) were excluded.
Patients who had undergone additional procedures (e.g. sternotomy,
chest wall resection), and thosewith developmental conditions (e.g. ce-
rebral palsy) that predispose to such anomalies were also excluded.

1.2. Patient follow-up

Eligible patients were sent a study invitation letter by mail that de-
tailed the goals of the study and invited them to the research clinic in
the Center for Innovative Medicine (CIM) at the McGill University
Health Centre for a detailed musculoskeletal examination. Patients
who did not respond were contacted again by telephone for participa-
tion. If patients did not answer, a message was left on their answering
machine. Patientswere classified as “could not be contacted” if themail-
ing address and phone number on file were not valid. Patients were re-
imbursed their parking costs for the day of their visit to the hospital.

Our clinical setting is unique due to the proximity and partnership
between two university-affiliated children's hospitals, the Montreal
Children's Hospital, and the Shriners Hospital for Children. The latter
serves as a regional referral center for musculoskeletal deformities. The
same teams of pediatric surgeons and pediatric orthopedic surgeons, as
well as medical subspecialists, staff both hospitals. Patients diagnosed
with scoliosis or chest wall anomalies following a thoracic procedure are
referred for consultation at the Shriners Hospital with an orthopedic
surgeon or in a multidisciplinary chest wall anomaly clinic, respectively.

For somepatients, longitudinal follow-updatawas obtained through
two alternative sources. First, in our institution, patients with esopha-
geal atresia are followed in amultidisciplinary clinic staffed by a number
of health professionals, including pediatric surgeons. At each follow-up
visit, a detailed musculoskeletal examination is performed. Therefore,
eligible patients with esophageal atresia were examined in this clinic.
Second, longitudinal data for patients who were had already been re-
ferred to the Shriners Hospital for musculoskeletal deformities were ob-
tained from their detailed examinations during those clinic visits. This
avoided the need for patients to return for a repeat musculoskeletal ex-
amination at the CIM.

1.3. Patient data

For each patient, their hospital data and outpatient charts from the
Montreal Children's Hospital and the Shriner's Hospital for Children, if
applicable, were retrospectively reviewed. Data collected included pa-
tient characteristics, operative details documented in the operative pro-
cedure note and operative report (including whether the chest wall
muscles were divided, retracted, or disinserted during the operative ap-
proach), and post-operative outcomes. Only the division or preservation
of the serratus anterior muscle was clearly reported in the majority of
operative reports, while the division or preservation of the latissimus
dorsi was rarely mentioned andwas not used in the analysis. Longitudi-
nal follow-up data was obtained from a follow-up clinic visit at the CIM,
the multidisciplinary esophageal atresia clinic, or the orthopedic clinic
or chest wall anomaly center at the Shriner's Hospital. All patients
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were examined standing up to assess for chest wall deformities (pectus
carinatum and pectus excavatum). Thewall push-up test, where the pa-
tient was asked to push against a wall, was used to identify amedial de-
viation of the scapula consistent with scapular winging. An Adam's
forward bend test was performed to assess for scoliosis, and a
scoliometer was used to measure the curvature of the spine. Secondary
signs of scoliosis (e.g. shoulder height or scapular spine as asymmetry,
deviation of the spine in the coronal plane) were also noted. If there
was significant clinical suspicion of a musculoskeletal deformity, subse-
quent imaging (e.g. scoliosis series, chest x-ray) was obtained. Evalua-
tion for scoliosis on radiologic examination was done by a fellowship-
trained spine surgeon, and the Scoliosis Research Society definition of
scoliosis was used as the clinical criterion for scoliosis (lateral curve of
the spine greater than 10°) [17,18]. The need for intervention (e.g. phys-
iotherapy, bracing, surgical procedure) was documented.

1.4. Statistical analyses

For descriptive purposes, statistical significance betweenmeanswas
determined using one-way ANOVA or Mann–Whitney rank tests for
continuous variables, and the Fisher's exact text orχ2 test for categorical
variables, where applicable. Logistic regressionwas used to estimate the
extent to which serratus anterior division, gestational age, sex, age at
procedure, and placement of a post-operative chest tube predicted the
presence of musculoskeletal deformities in general, and then more spe-
cifically scoliosis, chest wall anomalies, or scapular winging. Differences
were considered significant at p < 0.05. Post-hoc power analysis for dif-
ference in proportions was performed to determine statistical power for
the sample size used for analysis at the alpha = 0.05 level. Statistical
analysis was performed using R version 3.5.1 [19].

1.5. Study approval

This study was approved by the Research Ethics Board of the Mon-
treal Children's Hospital, McGill University Health Centre (14–530-
PED), and at the Shriners Hospital by the McGill University Faculty of
Medicine Institutional Review Board (A07-M41-15B).

2. Results

2.1. Patient cohort

A search through medical archives using diagnostic and procedure
codes produced a list of 492 patients who underwent a thoracic proce-
dure via a thoracotomy or thoracoscopy at theMontreal Children's Hos-
pital during the study period. Of those, 58 patients could not be
contacted by mail or telephone. A total of 434 patients received a
study invitation letter. Of those, 104 patients either responded and
were examined in the research clinic or had long-term data available
on musculoskeletal outcomes, as shown in Fig. 1. A total of 7 patients
who underwent thoracotomy had missing operative reports and were
therefore excluded from the regression analyses. The average follow-
up period was 11 (range 3–21) years. A total of 37 patients (36%)
were followed after the age of 12 years.

2.2. Clinical characteristics

Table 1 shows the clinical characteristics of the patient cohort. The
diagnoses requiring thoracic surgery consisted of esophageal atresia
with or without tracheo-esophageal fistula (51/104; 49%), patent
ductus arteriosus (29/104; 28%), aortic coarctation (9/104; 9%), empy-
ema (7/104; 6%), lung mass (6/104; 6%), and mediastinal mass (2/
104; 2%). Fifty-one (49%) patients were male, and 38 patients (36%)
were born preterm. The median age at the time of the follow-up exam-
ination was 11.1 years (range 3–30). Four patients (4%) underwent two
thoracotomies, two to address complications of the primary repair, one
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Fig. 1. Flow diagram of study cohort.
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for a staged Foker procedure, and one for aortopexy to treat severe
tracheomalacia. Patients' characteristics and outcomes, stratified by op-
erative approach, are shown in Table 2. The difference in the overall in-
cidence of musculoskeletal deformities between the operative
approaches was significantly different (p < 0.0001).

Overall, 56 musculoskeletal deformities developed in 41 (39%) pa-
tients. Themost frequentmusculoskeletal deformity detectedwas scap-
ular winging (24; 23%), followed by scoliosis (17; 16%) and chest wall
anomalies (15; 14%). Of those patients with scoliosis, 11 (65%) had sco-
liosis <20°, 4 (23%) had scoliosis between 20–45°, and 2 (12%) had sco-
liosis >45°. When all thoracotomies were compared to thoracoscopy,
no significant difference in the incidence of musculoskeletal deformities
was found between the two groups (Table 3).

A total of 8 patients (8%), 6 who underwent thoracotomies and 2
who underwent thoracoscopies, required some type of active treatment
in the context of a musculoskeletal deformity during the follow-up pe-
riod. Figs. 2 and 3 depict four such patients. A brace was prescribed to
two patients with scoliosis and two patients with pectus carinatum.
Two patients with scoliosis and one patient with scapular winging and
Table 1
Patient cohort.

Variable % (N)

Sex
Male 49% (51)
Female 51% (53)

Gestational age (weeks)
<32 30% (31)
32–37 12% (13)
>37 58% (60)

Surgical approach
Thoracotomy 89% (93)
Thoracoscopy 11% (11)

Serratus anterior a

Divided 46% (48)
Spared 47% (49)
Unknown 7% (7)

Number of thoracotomies a

1 96% (100)
2 4% (4)

Post-operative chest tube
Yes 66% (69)
No 29% (30)
Unknown 5% (5)

Intraoperative complications
Yes 7% (7)
No 88% (92)
Unknown 5% (5)

a Thoracotomy cohort (N = 93)
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shoulder asymmetry underwent physiotherapy. One patient with se-
vere scoliosis was followed for approximately 6 years and was then
scheduled to undergo spinal fusion surgery after failure of bracing to
prevent the progression of the spine deformity. Five patients with
mild scoliosis, including one patient with a Cobb angle of 9°, continue
to require follow-up with a pediatric orthopedic surgeon.

Among the 92 patients who underwent thoracotomy, after adjusting
for the potential confounders, serratus anterior muscle division was
found to be independently associated with considerably higher risk for
developing a musculoskeletal deformity compared with a muscle-
sparing thoracotomy (odds ratio 8.9, 95% confidence interval 2.8–32.6)
(Table 4). Post-hoc power analysis for the observed difference in pro-
portions estimated power > 0.99. All but one of the patients who devel-
oped scoliosis after a thoracotomy underwent a standard posterolateral
thoracotomy with muscle division, and serratus division was indepen-
dently associated with a higher risk for developing scoliosis (odds
ratio 15.6, 95% confidence interval 2.4–308.2). Serratus division was
also significantly associated with the development of scapular winging.
Although incidence of chest wall anomalies was higher in the patients
who had serratus division, serratus division was not independently as-
sociated with a higher risk of pectus deformities.

3. Discussion

The findings of the present study emphasize the importance of early
and longitudinal screening for musculoskeletal deformities in children
who undergo thoracic procedures. Nearly 39% of patients in our cohort
were found to have some type of obvious musculoskeletal deformity.
Serratus anterior muscle division was found to be the only strong inde-
pendent risk factor associatedwith an increased risk of the development
of musculoskeletal deformities, most notably scoliosis, on multivariate
analysis. The results of this study demonstrate that a muscle sparing
technique minimizes the incidence of musculoskeletal deformities fol-
lowing thoracotomy in children. In the last 30 years, the muscle-
sparing thoracotomy technique has gained popularity over the tradi-
tional posterolateral thoracotomy as the standard approach for most
thoracic surgical procedures in children for many reasons, including
less postoperative pain, improved functional recovery, and earlier dis-
charge [11,12]. With a proper understanding of the anatomy of the
chest wall, stepwisemobilization and proper retraction of the latissimus
dorsi and serratus anterior muscles can facilitate entry into the chest
without difficulty and spare the chest wall muscles. Specifically, poste-
rior retraction of the anterior border of the latissimus dorsi exposes
the serratus anterior muscle, which must then be partially disinserted
and retracted at its inferolateral border to expose the intercostal mus-
cles and ribs. If necessary for adequate rib retraction, the anterior border
of the latissimus dorsi can be divided for a distance of 2–3 cm. The

Image of Fig. 1


Table 2
Patient characteristics and outcomes by operative approach.

Variable Standard
thoracotomy
(N = 48)

Muscle-sparing
thoracotomy
(N = 38)

Thoracoscopy
(N = 11) p-Value

Sex (Male) 50% (24) 49% (19) 27% (3) 0.369
Gestational age
(weeks); median
(IQR)

29.5 (15) 39 (2.8) 40 (0) <0.0001
⁎

Age at surgery
(days); median
(IQR)

25 (39) 1 (1) 989 (564.5) <0.0001
⁎

Post-operative
chest tube; % (n)

54% (26) 87% (33) 91% (10) 0.0012 ⁎

Follow-up time
(years); median
(IQR)

11.5 (5.5) 9.2 (4.2) 11.3 (6.9) 0.0048 ⁎

Any musculoskeletal
deformity; % (n) a

60% (29) 16% (6) 27% (3) <0.0001
⁎

IQR, Interquartile Range
a Scapular winging, pectus carinatum, pectus excavatum, or scoliosis.

Table 3
Incidence of musculoskeletal deformities (MDs).

Thoracotomy
(N = 93)

Thoracoscopy
(N = 11)

p-Value

Length of follow-up a 10.9 (5.1) 11.3 (6.9) 0.657
Any MDs 41% (38) 27% (3) 0.521
Winging of scapula 25% (23) 9% (1) 0.450
Chest wall anomaly 14% (13) 18% (2) 0.658
Scoliosis 16% (15) 18% (2) 1.000

a Years: median (interquartile range).
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additional time needed for propermusclemobilization and retraction to
achieve a true muscle-sparing technique is compensated for at the time
of closure, where the muscles are left to naturally fall back into place.

With the introduction of thoracoscopy two decades ago, many stud-
ies have examined and compared patient outcomes after thoracoscopic
and thoracotomy techniques, largely with focus on patient safety, com-
plication rates, and post-operative surgical outcomes [20]. Despite the
widespread view that thoracoscopy decreases subsequent development
of scoliosis and chest wall deformities, we could not identify any long-
term studies that proved this benefit. The potential advantages of
thoracoscopy were not demonstrated in our study. This may be a func-
tion of the small number of thoracoscopic procedures included, but it
is a finding that certainly warrants further studies. The musculoskeletal
advantages of thoracoscopy compared to a well-performed muscle-
sparing thoracotomy remain to be proven.

In 2009, Lawal et al. compared the musculoskeletal sequelae in 62
children who underwent either video-assisted thoracic surgery (VATS)
or thoracotomy via muscle-sparing technique for lobectomy, esophageal
atresia repair, or other pleural surgery [21]. After a mean post-operative
follow-up of 3.8 years, 53.8% of the thoracotomy group and 9.7% of the
VATS group developed subclinical (curvature <20 degrees) scoliosis. In
2018, Bastard et al. performed a national multicenter retrospective
study that examined the incidence of thoracic skeletal anomalies in 322
patients from 32 centers in France after VATS, conventional thoracotomy
with muscle division, or muscle-sparing thoracotomy for esophageal
atresia [22]. They reported a total of 187 patients (58.1%) with sequelae
after surgery, including 2 patients who underwent thoracoscopy, 32 pa-
tients who underwent muscle-sparing thoracotomy, and 62 patients
who had a conventional thoracotomy with muscle-division. They found
a significantly higher number of musculoskeletal deformities in patients
who underwent thoracotomy compared to thoracoscopy, and no advan-
tage conferred by muscle-sparing technique. However, follow up was
limited to an average of 2.75 years post-operatively, and information
on type of thoracotomy was missing in approximately 50% of patients
who went on to develop musculoskeletal sequelae.
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In our patient cohort, scoliosis was present in 16% of patients, which far
exceeds the range of reported prevalence of adolescent idiopathic scoli-
osis of 0.47–5.2% [23]. Unlike adolescent scoliosis that presents between
11 and 18 years, thoracogenic scoliosis has been reported to present at
an average age of 6 years. [23,24]. Therefore, despite the relatively
young age of our patient cohort at the time of follow-up examination,
we believe that our length of follow-up time ensures an accurate depic-
tion of the incidence of scoliosis in our cohort. In 2019, Soliman et al. re-
ported on the development of scoliosis in 106 patients operated for
esophageal atresia [25]. Amuscle-sparing techniquewas used for all pa-
tients who had a right-sided thoracotomy (94/106 patients), while the
remainder underwent right-sided thoracoscopy, right or left-sided
cervicotomy, or left-sided thoracotomy. After a median follow-up of
6.5 years (range 5–14 years), 53 patients (49%) developed scoliosis,
four of whom required operative management. While there exists a
wide range in the reported incidence of scoliosis in the literature, it is
certain thatmuscle division plays a significant contributory role through
its association with denervation, muscle atrophy and subsequent fibro-
sis [1–4,6,9,10,26].

In 2017, we performed a retrospective study to evaluate the inci-
dence of musculoskeletal deformities following neonatal thoracotomy
for patients with esophageal atresia, and reported that 13 out of 52 pa-
tients (25%) developed a musculoskeletal deformity in the post-
operative period [27]. In that study, serratus anterior muscle division
was associated with significantly higher probability of developing
these deformities. The incidence of scoliosis was 8%, and all cases were
subclinical. The present study is an extension of our previous study,
and includes the previous esophageal atresia cohort. This current
study reports outcomes in a larger and more diverse group of patients
with additional diagnoses warranting a thoracic procedure in order to
more accurately describe the incidence and clinical significance of mus-
culoskeletal deformities after thoracic procedures in children.

There is a paucity of recent studies that have examined whether
multiple thoracotomies contribute to an increased occurrence ofmuscu-
loskeletal deformities. In a review of long-term outcomes among pa-
tients with esophageal atresia who reached adulthood, Rintala reports
an increased incidence of chestwall anomalies in patients who have un-
dergone more than one thoracotomy [28]. However, much of this evi-
dence comes from older cohorts where rib resection was commonly
performed, whichmay have been amore significant predisposing factor
than the number of thoracotomies [2,6,7]. Only four patients in our cur-
rent cohort underwent more than one thoracotomy, and none of these
patients went on to develop a musculoskeletal deformity. However,
the limited number of cases makes it difficult to conclude whether a re-
lationship exists between the number of thoracotomies and the devel-
opment of subsequent musculoskeletal sequelae.

While a large proportion of children following a thoracic procedure
may go on to develop musculoskeletal deformities, the clinical course
for themajority of the anomalies is usually subclinical by surgical defini-
tions. In our cohort, only 8% of patients required some type of treatment.
This is in keeping with what is reported in other contemporary series
[8,21,25–27,29]. Though most of these deformities do not meet the
threshold for treatment, they still present as obvious abnormalities,
and may have a negative impact on the child's body image and quality
of life. Therefore, they should still be considered significant longitudinal
sequelae post-operatively after thoracic interventions, and may be best
studied in the future as a patient-reported outcome.

The present study has several limitations. First, we were able to cap-
ture long-termoutcomes in only approximately 21% of the entire cohort.
Patients and families who responded to the study invitation letter may
have represented a group more inclined to participate in the study due
to the presence of a visible deformity, leading to a volunteer bias. This
may have resulted in an overestimation of the true incidence of muscu-
loskeletal deformities in this patient population. Nevertheless, post-hoc
power analysis demonstrated that the sample size was adequate to de-
tect observed differences between standard thoracotomy and muscle-



Fig. 2. Two patientswith obviousmusculoskeletal deformities after left posterolateral thoracotomy.A, Pectus carinatumdeformity.B, Scapularwinging and left posterolateral thoracotomy
scar.

Table 4
Risk ofmusculoskeletal deformities (MD) by serratus anterior muscle division using logis
tic regressiona.

MD Unadjusted OR (95% CI) Adjusted OR (95% CI)

Any MD 8.1 (3.0–25.1) 8.9 (2.8–32.6)
Winging of scapula 3.3 (1.1–11.1) 4.2 (1.2–16.5)
Scoliosis 15.2 (1.9–122.1) 15.6 (2.4–308.2)
Chest wall anomaly 4.7 (1.1–32.2) 3.9 (0.7–31.3)

OR: odds ratio; CI: confidence interval.
a Serratus muscle division compared to muscle-sparing (reference).
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sparing thoracotomy groups. Second, the cross-sectional design of the
study may have introduced confounders that may have influenced the
patients' risk for developing amusculoskeletal deformity.We attempted
to control for several confounders with multivariate logistic regression
analysis, but the possibility of residual confounding remains. It is diffi-
cult tomake assumptions about thepatientswho could not be contacted
or who did not respond to our invitation letter, so it is unclear how the
addition of those patients may have influenced the results presented in
this study. However, our reported 39% incidence of musculoskeletal
anomalies following thoracic procedures is in keeping with previously
published literature, so it is likely that our patient cohort accurately rep-
resents the study population.

Despite these limitations our study provides accurate long-term out-
come data following pediatric thoracic procedure. These data confirm a
high incidence of musculoskeletal deformities. Most of these are not
clinically relevant by surgical definition, but their impact on the patient
is unknown. A muscle-sparing technique mitigates the incidence of
these deformities. The additional benefits of thoracoscopy were not
demonstrated in this study. However, the sample size of patients under-
going thoracoscopy was small, warranting further long-term studies to
confirm the presumed musculoskeletal benefits of minimally invasive
techniques.
Fig. 3. Scoliosis in patientswho underwent left thoracotomy for repair of aortic coarctation
(A) and decortication of empyema (B).
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