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Background: The objectives of this study are to investigate the association between pectus excavatum (PE)
and thoracic scoliosis (T'S) and to analyze the effects of the Nuss procedure on the thoracic spinal curvature
in patients with PE.

Methods: A total of 468 patients who underwent the Nuss procedure and pectus bar removal for PE from
March 2011 to January 2015 were assessed and included into the present study.

Results: TS prevalence was 9.4% pre-correctively and 9.8% post-correctively. There was a positive
correlation between age and Cobb angle (CA), pre-correctively and post-correctively (both, P<0.001). The
late correction group (LG, age >10 years) had a higher CA and more frequent TS than the early correction
group (EG, age <10 years) (pre-correction: CA 6.3+4.9° vs. 4.5+£3.8°, P<0.001, 'T'S P<0.001; post-correction:
7.6+7.2° vs. 4.123.3°, P<0.001, TS P<0.001). The post-corrective changes in CA were different according
to the time of correction (decreased in EG: 4.5+3.8° vs. 4.1+3.3°, P=0.078; increased in LG: 6.3+4.9° vs.
7.6£7.2°, P=0.002). In patients with pre-corrective TS, CA after correction was decreased (post-correctively
11.9£10.0° vs. pre-correctively 13.9£6.0°, P=0.090). In addition, post-corrective CA was significantly
decreased in EG (pre-correction 13.9+7.4° vs. post-correction 6.6+8.1°, P<0.001). However, post-corrective
CA was increased in LG (pre-correction 13.8+4.5° vs. post-correction 16.7+9.2°, P=0.053). The number of
patients with TS after correction was decreased in EG (P=0.194) and significantly increased in LG (P=0.028).
There were both pre-corrective and post-corrective predictive factors for TS (Pre-corrective: age P<0.001,
severity P=0.016, and BMI P=0.046; post-corrective: age at the time of correction P<0.001, weight P=0.046,
and pre-corrective CA P<0.001).

Conclusions: The Nuss procedure had some significant effects on the thoracic spinal curvature, with early

correction able to reduce T'S in patients with PE.

Keywords: Pectus excavatum (PE); Nuss procedure; scoliosis

Submitted May 06, 2017. Accepted for publication Jul 31, 2017.
doi: 10.21037/jtd.2017.08.128
View this article at: http://dx.doi.org/10.21037/jtd.2017.08.128

Introduction that deformities of the chest wall are related to deformities

. . f th racic spin natomical relationshi -5);
Pectus excavatum (PE) is the most common congenital of the thoracic spine due to anatomical relationships (3-5);

chest wall deformity (1). It is characterized by depression however, there have been few studies on the association
of the anterior chest wall and has been postulated to be a between PE and scoliosis, and little is known about the
musculoskeletal disease (1,2). Previous studies have reported subject (6-8). In addition, because the Nuss procedure
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Figure 1 The CA (red arrow) is defined by the angle formed by
the intersection of two lines drawn on a spinal radiograph of a
patient suspected of having scoliosis. One line is drawn parallel
to the lower surface of the lowest affected vertebral body, and the
other is drawn parallel to the upper surface of the highest affected
body. CA, Cobb angle.

forcibly corrects the deformed chest wall by insertion
of metal bars and develops considerable stresses on the
chest wall and the thorax, the Nuss procedure makes the
anatomical changes in the thorax. We occasionally observe
that body posture of the patients with PE improves after
correction of PE. However, there is limited information
about the effects of correction of PE on thoracic scoliosis
(TS) (6,7,9-11). The purpose of the present study was
to investigate the association between PE and TS and to
analyze the effects of the Nuss procedure on the thoracic
spinal curvature in patients with PE.

Methods

A total of 468 patients who underwent both the Nuss
procedure and pectus bar removal for PE at the department
of thoracic and cardiovascular surgery in a single tertiary
hospital in Korea from March 2011 to January 2015 were
retrospectively assessed and included into the present study.
The inclusion criteria for the subjects were age 3 to 20 years,
no major complication such as immediate reoperation
after the Nuss procedure, no other combined congenital
anomalies or diseases, no treatment for T'S, and thoracic
spine with rightward curvature. Simple chest radiograph
and chest computed tomography (CT) were performed
in all patients. Simple chest radiographs were routinely
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collected on a daily basis from admission to discharge and
on every follow-up appointment as an outpatient. The
Cobb angle (CA) is defined by the angle formed by the
intersection of two lines drawn on a spinal radiograph of
a patient suspected of having scoliosis. One line is drawn
parallel to the lower surface of the lowest affected vertebral
body, and the other is drawn parallel to the upper surface of
the highest affected body (12) (Figure I). CA was measured
double- blindly by authors to quantify the magnitude of
TS. CA in the thoracic spine was measured on simple
chest radiography, and patients with a >10 degree coronal
curvature in the thoracic spine were classified as having TS
in the present study (8,12). We collected and compared
these clinical parameters before the Nuss procedure (pre-
correction) and after bar removal (post-correction) (pre-
correction: data on admission for the Nuss procedure;
post-correction: data on the last follow- up appointment
as an outpatient within one month after bar removal). The
patients were divided into two groups according to age
at the time of correction (the early correction group, EG
<10 years old, and the late correction group, LG 10 years
old). The severity of PE was classified by the Haller index.
Surgery, age, sex, body measurements (height, weight,
and body mass index), severity, and morphology type were
included in the parameters that influence CA and TS. The
Nuss procedure using 1 to 3 pectus bars was performed
to correct PE. The surgery for pectus bar removal was
usually conducted 2 to 3 years after the Nuss procedure,
according to patients’ age and postoperative status. In order
to investigate the association between PE and TS and to
analyze the effects of the Nuss procedure on TS in patients
with PE, we performed (I) analyses of the post-corrective
changes in CA and TS; (II) analyses of CA and T'S with
respect to age at the time of surgery, sex, morphology type,
body measurements, and severity; and (III) analyses of the
predictive factors of TS in patients with PE.

Statistical analysis

Comparisons between each group were analyzed with
the Student’s #-test, the Paired z-test, or the age-adjusted
ANCOVA (analysis of covariance) as appropriate. To
investigate the relationship between two quantitative
continuous variables, the Pearson analysis was conducted.
The Chi-square test was used to compare the tallies or
counts of categorical responses between two independent
groups. Multivariate analysis was conducted using the
logistic regression model to determine independent
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Table 1 The overall clinical characteristics of the study subjects

Variables

Pre-correction

(N=468)

Post-correction

(N=468)

n

Mean (= SD)

n

Mean (= SD)

Age (year)

Early
correction (<10
years)

Late correction
(=10 years)

Sex
Male
Female

Thoracic
scoliosis

Early
correction

Late correction
CA ()

With thoracic
scoliosis

Without
thoracic
scoliosis

Haller index

With thoracic
scoliosis

Without
thoracic
scoliosis

Morphology
type

Symmetric
Asymmetric

Height (cm)

Weight (kg)
BMI

351

117

360
108
44

21

44

424

44

424

362
106

6.8 (+4.9)
4.2 (+1.5)

14.5 (+2.8)

5.0 (+4.2)
13.9 (+6.0)

4.0 (£2.5)

4.2 (+1.4)

5.0 (+3.0)

4.2 (£1.1)

121.5
(£27.7)

26.0 (+14.9)
16.3 (+ 2.0)

351

117

360
108
46

14

32

46

422

46

422

468

9.6 (+5.1)
6.9 (+1.7)

17.7 (£2.9)

5.0 (+4.8)
15.8 (+7.6)

3.8 (£2.4)

2.5 (+0.4)

2.8 (+0.6)

2.4 (0.4)

130.0
(£22.8)

30.0 (+14.7)
16.8 (+3.5)

Shown as number of patients (n) and mean (+ SD). BMI, body
mass index; CA, Cobb angle.
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predictive factors of TS before and after correction of PE.
The results were analyzed using the Statistical Package of
Social Sciences version 22.0 (SPSS, Chicago, IL, USA),

with a level of significance of 0.05.

Ethical committee

The present study was approved by the Institutional
Review Board of Seoul St. Mary Hospital (KC16RISI0133).
Written consent was obtained from the study subjects
before participation. There are no conflicts of interest to
declare.

Results

A total of 468 patients were assessed before and after
correction of PE. The mean age of patients was 6.8 (+4.9)
years pre-correctively and 9.6 (5.1) years post-correctively.
The mean Haller index was 4.2 (x1.4) pre-correctively and
2.5 (20.4) post-correctively. The mean CA was 5.0 (4.2)°
pre-correctively and 5.0 (x4.8)° post-correctively. Regarding
patients with TS, the number of patients with TS was 44
(9.4%) pre-correctively and 46 (9.8%) post-correctively.
The mean age of patients with TS was 9.4 (+5.7) years
pre-correctively and 13.4 (x4.8) years post-correctively.
The mean CA of patients with TS was 13.9 (£5.9)° pre-
correctively and 15.8 (£7.6)° post-correctively. The number
of pectus type was 29 symmetric and 15 asymmetric types
pre-correctively. The sex distribution was 30 males and 14
females pre-correctively and 27 males and 19 females post-
correctively. In total, 22 of 44 patients with pre-corrective
TS did not have TS after correction of PE, and 24 of 46
patients with post-corrective TS developed T'S de novo after
correction of PE. The mean observation period was 33.0
(x7.2) months. The overall clinical characteristics of the
study subjects are summarized in Tible 1.

Analysis of the post-corrective changes in CA and TS

LG had a significantly higher CA and more frequent
TS than EG (pre-correction: CA 6.3x4.9° vs. 4.5+3.8°,
P<0.001, TS P<0.001; post-correction: 7.6+7.2° vs. 4.1+3.3°,
P<0.001, TS P<0.001). There was a significant positive
correlation between age and CA, both pre-correctively and
post-correctively (both P<0.001) (Figure 2). The overall
post-corrective CA was not significantly different from the
overall pre-corrective one. However, the post-corrective
changes in CA were different according to age at the time
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Figure 2 There was a significantly positive correlation between age and CA, both pre-correctively and post-correctively (both P<0.001).

From these findings, we assume that the thoracic scoliosis is aggravated with age in patients with PE. CA, Cobb angle; PE, pectus excavatum.

Table 2 Analysis of the post-corrective changes in CA in patients
with pectus excavatum

Group Pre-correction ~ Post-correction P value
All 5.0° (+4.2)° 5.0° (+4.8)° 0.765
Early correction 4.5° (£3.8)° 4.1° (£3.3)° 0.078
Late correction 6.3° (+4.9)° 7.6° (£7.2)° 0.002

Shown as mean (+ SD). CA, Cobb angle.

Table 3 Analysis of post-corrective changes of CA in patients with
pre-corrective thoracic scoliosis

Group Pre-correction ~ Post-correction P value

All 13.9° (+6.0)° 11.9° (+10.0)° 0.090

Early correction 13.9° (£7.4)° 6.6° (£8.1)° <0.001

Late correction 13.8° (x4.5)° 16.7° (£9.2)° 0.053

Shown as mean (+ SD). CA, Cobb angle.

Table 4 Comparison of the post-corrective changes in thoracic
scoliosis according to age at the time of correction

Thoracic Pre- Post-

Group scoliosis correction correction P value

All No 424 422 0.768
Yes 44 46

Early No 330 337 0.194

correction Yes 21 14

Late No 94 85 0.028

correction Yes 23 30
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of correction (decreased in EG: 4.5°+3.8° vs. 4.1°+3.3°,
P=0.078; increased in LG: 6.3°+4.9° vs. 7.6°+7.2°, P=0.002).
Analysis of the post-corrective CA changes in patients with
PE is summarized in 7able 2.

Analysis of the post-corrective changes in CA in
patients with TS

CA was decreased after correction of PE in the patients
with pre-corrective TS (P=0.090). However, the post-
corrective changes in CA were also different according to
age at the time of correction. CA was significantly decreased
in EG (P<0.001) and CA was increased in LG (P=0.053).
Analysis of the post-corrective changes of CA in patients
with preoperative TS is summarized in Table 3.

Comparison of the post-corrective changes in TS
according to age at the time of correction

The number of patients with TS was decreased in EG
(P=0.194) and significantly increased in LG (P=0.028).
Comparison of the post-corrective changes in T'S according
to age at the time of correction is summarized in Table 4.

Analysis of TS and CA with respect to sex, severity, body
measurement (beight, weight, and BMI), morphology type,
and number of bars

TS and CA according to sex

The pre-corrective and post-corrective incidence of TS in
female patients were higher than in male patient (P=0.186
and P=0.003, respectively). The pre-corrective and post-
corrective CA in female patients were also higher than
in male patient (P=0.288 and P=0.048, respectively). The
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Table 5 Analysis of thoracic scoliosis according to sex

Thoracic scoliosis Male Female P value

Pre-correction 0.186
No 330 94
Yes 30 14

Post-correction 0.003
No 333 89
Yes 27 19

Shown as (mean + SD).

Table 6 Analysis of CA according to sex

Cobb angle Male Female P value

Pre-correction 4.8° (£3.8)° 5.3° (£5.2)° 0.288
Early correction 4.4° (£3.0)° 4.9° (£5.5)° 0.450
Late correction 6.2° (5.2)° 6.8° (x3.7)° 0.540

Post-correction 4.7° (x4.4)° 6.0° (6.0)° 0.048
Early correction 3.9° (x2.7)° 4.9° (+4.8)° 0.080
Late correction 7.1° (£6.9)° 9.6° (+8.1)° 0.126

Shown as (mean + SD). CA, Cobb angle.

incidence of TS and CA according to sex is summarized in

Tibles 5 and 6.

TS and CA according to severity

The severity of PE was classified by the Haller index.
There was a significant positive association between the
pre-corrective severity and CA (P<0.001). When patients
were divided into two groups (the low and the high severity
group) by the mean value of the Haller index (4.2), the
high severity group had more frequent TS than the low
severity group (P=0.076). The high severity group also
had a significantly higher CA than the low severity group
(5.4°£4.2° vs. 4.6°+4.1°, P=0.039).

TS and CA according to body measurements (height,
weight, and BMI)

CA had a positive association with body measurements
(pre-correction: height P=0.002, weight P=0.009, and BMI
P=0.719; post-correction: height P<0.001, weight P<0.001,
and BMI P=0.940). However, only the pre-corrective BMI
in patients without TS was significantly higher than in
patients with TS (P=0.010).
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TS and CA according to the morphology of PE
(symmetric vs. asymmetric type)

The asymmetric group had a significantly higher the pre-
corrective CA than the symmetric group (6.0°£5.5° vs.
4.7°£3.7°, P=0.004). The asymmetric group had more
frequently TS than the symmetric group. However, there
was no statistical significance (P=0.061).

TS and CA according to number of bars used (single vs.
multiple)

The Nuss procedure was performed using one to three
pectus bars. There was significant difference in CA
according to the number of bars used (pre-correction: single
bar 4.7°£4.1° vs. multiple bar 5.9°+4.2°, P=0.012; post-
correction: single bar 4.5°+4.0° vs. multiple bar 6.8°+6.9°,
P=0.002). The patients with TS undergoing the Nuss
procedure also required significantly more bars than the
patients without TS (P=0.035).

Analysis of predictive factors of TS in patients with PE

In order to investigate the independent predictive factors of
TS in patients with PE, multivariate analysis was conducted
using the logistic regression model (Backward, stepwise
approach). TS was defined as an event. Age, sex, severity,
morphological type, and body measurements were included
as covariates for the multivariate analysis of pre-corrective
predictive factors. Accordingly, age, severity, and BMI
were identified as independent predictive factors of TS.
In addition, age at the time of correction (EG and LG),
sex, severity (the Haller index), morphological type, body
measurements, number of bars (single and multiple), and
pre-corrective CA and TS were included as covariates for
the multivariate analysis of post-corrective predictive factors.
Accordingly, age at the time of correction (EG and LG),
weight, and pre-corrective CA were identified as independent
predictive factors of TS. The results of the multivariate
analysis of predictive factors are shown in Table 7.

Discussion

PE is among the most common congenital chest wall
deformities (1). It has been postulated that PE is a
musculoskeletal disease, but its cause or pathogenesis
remains unclear (1,2). Previous studies have reported a
high incidence of scoliosis among patients with PE due to
anatomical relationships (3-7). However, there have been
few comprehensive studies on the association between PE

J Thorac Dis 2017;9(10):3810-3816
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Table 7 Multivariate analyses for predictive factors of thoracic

scoliosis
Variables OR 95% ClI P value
Pre-correction
Sex (female) 1.848 0.908-3.764 0.090
Age 1.161 1.082-1.246 <0.001
Severity 1.344 1.057-1.710 0.016
BMI 0.809 0.657-0.996 0.046
Post-correction
Age group (age 323.563  15.934-6570.251 <0.001
=>10)
Body weight 0.919 0.846-0.999 0.046
Severity 1.501 0.951-2.368 0.081
Pre-corrective CA 1.281 1.129-1.453 <0.001

BMI, body mass index; CA, Cobb angle.

and scoliosis, and little is known about the subject (3,8). In
addition, because the Nuss procedure forcibly corrects the
deformed chest wall by insertion of metal bars and develops
considerable stresses on the chest wall and the thorax, the Nuss
procedure makes the anatomical changes in the thorax (11,13).
However, the effects of the Nuss procedure on TS remain
unclear (2,7,9-11). In the present study, we investigated the
association between PE and T'S and analyzed the effects of the
Nuss procedure on TS in patients with PE. To the best of our
knowledge, this study is the first to systematically investigate
the association between PE and T'S and to assess the effects of
the Nuss procedure on T'S in patients with PE.

Like previous studies, we found that the prevalence of
TS in patients with PE was 9.4%, considerably higher than
the normal prevalence of scoliosis (0.5% to 3%) (4-7). We
also showed a positive association between age and CA as
well as higher CA and more frequent TS in LG, both pre-
correctively and post-correctively. From these findings, we
assumed that T'S was aggravated with age in patients with
PE. We found that there were no significant post-corrective
changes in CA and the number of patients with TS was
increased after correction of PE. In addition, a previous
study reported that correction of asymmetric PE with TS
can sometimes exacerbate T'S (11). The Nuss procedure
might be misunderstood as exacerbating TS. However,
the post-corrective changes in CA and the incidence of TS
were different according to age at the time of correction.
In particular, in patients with TS, CA was decreased in EG,
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and the incidence of TS was decreased in EG and increased
in LG. From these findings, it can be assumed that the
progression of TS can be reduced by early correction of
PE. However, we do not know the exact reason why CA
and TS were increased in LG. The reasons are probably
due to combination of less effect of the Nuss procedure in
LG, a simple time- related phenomenon, and the disease
characteristics (i.e., progression with age).

We assumed that TS in patients with PE before
correction of PE might be associated with age, sex, severity
of the pectus deformity, pectus morphology type, and
body measurements. In addition, we assumed that TS after
correction of PE might be associated with age at the time
of correction, sex, severity of PE, morphology type, body
measurements, and pre-corrective TS and CA. The present
study showed a higher CA and a higher incidence of TS
in female patients, a higher CA and incidence of TS in the
high severity group, a positive association between CA and
body measurements, and a higher CA in asymmetric-type
PE. To determine the independent predictive factors of TS
in patients with PE, multivariate analysis using the logistic
regression analysis was conducted. Accordingly, risk factors
of TS included age and severity, and BMI was a protective
factor of TS before correction of PE. In addition, risk
factors of TS included age at the time of correction (LG)
and pre-corrective CA, and body weight was a protective
factor of TS after correction of PE.

Based on above findings, PE is associated with TS, and
there are several predictive factors of TS in patients with
PE. In addition, correction of PE had some significant
effects on T'S. The optimal age for the correction of the
deformity is a controversial issue (14-17). However, these
findings suggest that early correction of PE can reduce TS
in patients with PE (11,13).

Surgeons should consider the association between PE
and TS and the effect of the Nuss procedure on T'S when
deciding upon treatment in patients with PE and TS. With
the caveat that more research is needed, we suggest that TS
can be reduced by early correction of PE.

The present study has several limitations. First, it is small
sample sized, retrospective and vulnerable to selection bias,
especially toward early correction of PE. The retrospective
nature of the present study might have an influence on the
results. Second, there might have been some measurement
errors of CA due to position, respiration, and other
unknown factors. Third, the observation period is relatively
short, limiting the statistical significance of some findings.
In addition, because the follow-up appointments were
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completed before the mean age of TS in a considerable
number of patients, it is unclear whether TS would
eventually develop. Further long-term studies are needed.

Conclusions

There are associations between PE and TS. The Nuss
procedure has some effects on TS and early correction of
PE can reduce TS in patients with PE. There are both pre-
corrective and post-corrective factors that are predictive of
TS. Long-term and prospective studies in patients with PE
and TS are required to confirm these observations.
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