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Abstract
Introduction
Pectus excavatum (PE) is the most common chest wall deformity in adolescents.
The main complaint is cosmetic, but many patients also complain about
exertional dyspnea. This may lead to the patient seeking surgery of the thoracic
wall deformity (TWD). The assumption is that both, appearance and physical
complaints will have a negative effect on being able or wanting to engage in sport
activity.

Materials and Methods
In December 2011 a prospective registration of sport activity in pectus excavatum
patients started. Sport activity was assessed using questionnaires (CHQ, SF-36
and PEEQ). Measurements were taken before corrective surgery (pre-operatively)
and 12 months post-operatively.

Results
127 patients have been included. The number of patients who were active in
sports pre-operatively and after 12 months remained steady. The type of sport
activity, individual sport or team sport showed no significant change. The CHQ
showed that physical activity caused fewer complaints (p < 0.001). The PEEQ
showed a decrease in difficulties with sports activity performance after 12 months
(p< 0.001).

Conclusions
Twelve months after surgical correction of PE there was no significant increase
in the number of patients performing sport activities. However there was a
significant decrease of complaints or difficulties during sport compared to preoperatively.
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Introduction
Pectus excavatum (PE) is the most common chest wall deformity and affects
predominantly males, with an incidence of approximately 1 in 400 live born
infants [1]. The most important complaint is cosmesis although a substantial
part, up to 65% of the patients also complains of physical impairments, especially
shortness of breath during exercise[2]. PE can be surgically corrected by two
procedures, the Nuss procedure and the Ravitch procedure. Both procedures have
been reported to give good cosmetic results [3]. There is an increasing number
of studies which report physical improvement after correction of PE in both
adolescents and adult patients [4,5,6]. Although patients with a deep PE (high
Haller Index) were expected to have more pre-operative physical complaints
than those with more superficial PE deformities, this has not been confirmed [7].
There is a positive effect of surgery reported on the general physical development
measured by weight and length and computed tomographic index of the chest
[8]. However a high Haller Index was associated with pulmonary dysfunction but
no cardiac dysfunction [9].
Both physical and cosmetic complaints may lead to a decreased participation in
sport activity by not being able to or not wanting to engage, especially in adolescents
who are vulnerable to peer pressure. Being ashamed of their appearance they may
be inclined to hide their chest and refrain from sports activities [10]. Less sport
activity itself may lead to lower physical capability [11]. We hypothesized that
adolescents with a pectus excavatum would have lower sport activity than peers
and that participating in sports activities would increase after surgical correction.

Methods
In December 2011 a prospective multicenter registration started of sport activities
in PE patients. Sport activity was assessed using questionnaires. Measurements
were taken when patients visited the outpatient clinic to discuss the possibility of
corrective surgery (T1) and 1 year post-operatively (T2), at this time the Nuss bar
was still in place.

Patients
Since December 2011, patients who were referred with a PE to the outpatient
clinic of one of the five participating centers were asked to participate in this
113
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study. Exclusion criteria were age younger than 12 years and patients or parents
with insufficient knowledge of the Dutch language in reading or writing. Patients
with Marfan’s syndrome or other associated connective tissue diseases were
allowed to participate into the study.
Patients sixteen years or older gave informed consent. For patients under the age
of sixteen informed consent was obtained from both patients and their parents.
The medical ethics committee approved the study.

Questionnaires
Patients were divided into three groups based upon age: younger than 16 years,
16 - 18 years and older than 18 years of age. Appropriated questionnaires were
used for each age group.
The Dutch version of the Child Health Questionnaire (CHQ-87) was used in
patients younger than the age of 18 years. The CHQ-87 is a generic Quality of
Life assessment tool that has good reliability and validity [12]. This questionnaire
covers the physical, emotional and social well-being of children. Items are scored
using a four to six point Likert scale and converted to a 0 to 100 point continuum,
with higher scores indicating a better QoL. Normal values of the Dutch population
are available and allowed for comparison with “healthy” children [13].
The Pectus Excavatum Evaluation Questionnaire (PEEQ) was developed to
measure physical and psychosocial quality-of-life changes after surgical repair of
pectus excavatum. It consists of nine questions asking the children how they feel
or act about their bodies. The instrument has high test-retest reliability (Rho >
0.6 for all retained questions) [14].
The 36-Item Short Form Health Survey (SF-36) was developed for the Medical
Outcomes Study (MOS) and was completed by patients over the age of 16 years.
The instrument was designed for purposes of group comparisons involving
multiple health dimensions [15].
This study focused on question 2.1 of the CHQ, question 5 and 10 of the PEEQ,
question 3A from the SF-36 and a demographic questionnaire.
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Statistical Analysis
Data analyses were conducted using IBM SPSS 23 software (SPSS Inc. Chicago,
IL, USA). Descriptive statistics for variables of interest in this study are presented
as number, means and standard deviations (SD). Comparison between scores
at measurement moment T1 and T2 for continuous variables from the study
group were calculated using the paired Student T-test. Categorical variables were
analyzed using Wilcoxon signed rank test. McNemar’s test was applied on paired
nominal data in 2 × 2 contingency tables. The cut off point for significance was
set at p < 0.05.

Results
Between November 2011 and July 2016, 127 patients were included 110 males
and 17 females. All patients underwent a Nuss bar procedure. The mean age was
16.2 years (SD 2.2) with 68 patients under the age of 16 years and 15 patients older
than 18 years of age at time of surgery. Additional demographic data including
pre-operative symptoms can be found in Table 1.
Table 1. Demographic data and pre-operative symptoms
General demographics:
Mean age
Gender
Mean Haller index

16.2 years (SD 2.2)
87 % males
3.9 (SD 1.4)

Pre-operative symptoms:
compromised cosmesis and/or
pain chest wall
exertional dyspnea
palpitations

96.9%
7.9%
25,2%
0%

Scores are represented in means (SD) or percentages of the study group.

Pre-operatively 67% of the study group was engaged in sports activities (Table 2).
Twelve months post-operatively this percentage had remained almost the same
with 65% of the patients after Nuss bar implantation involved in sports activities
(p=0.85). Furthermore, the number of hours spend weekly on sports activities
did not differ (p= 0.56) in the study group.
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Table 2. Sport activity pre-operative (T1) versus 12 months post-operative (T2)
Sport activity T2
Sport activity T1
No
yes
Total
p-value
No
29
13
42
Yes
15
70
85
Total
44
83
127
0.85
Cross tabulation T1 versus T2 in numbers. McNemar test with p-value.

The type of sport activity, individual or team sport, was similar with respectively
p= 0.09 and p= 0.16, between pre-operative and 1 year post-operative (Table 3).
Table 3. Type of sport activity at pre-operative (T1) versus 12 months post-operative (T2)
Type of sport activity T2
Type of sport T1
Team sport Individual
No sport
total
p-value
sport
Team sport
35
10
9
54
0.09
Individual sport
6
18
6
30
0.16
No sport
3
11
29
43
1.00
Total
44
39
44
127
Cross tabulation T1 versus T2 in numbers. McNemar test with p-values.

There was however a significant improvement (Table 4) in our study population
one year after PE correction with Nuss bar concerning coping with difficult
physical exercise (p<0.001), difficult sport activity (p< 0.001) and less avoidance
of daily activities (p<0.001).
Subgroup analyses based on the pre-operative complaints were limited to the
primary outcome measure sport activity (table 4). Due to different possible
combinations of pre-operative symptoms analyses per symptom were not
possible.
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Table 4: Comparison between scores on CHQ, PEEQ, SF-36 and demographics for T1
and T2
T1 versus T2
p-value
CHQ
2.1 sport activity difficulties
Significant less difficulties with
<0.001
sport activities on T2
7.1c How good at sports?
Small improvement in sports at T2 0.213
PEEQ
5 Avoids daily situations
10 Physical exercise

Significant less avoidance at T2
Significant less problems with physical exercise at T2

<0.001
<0.001

Small change in limitations with
vigorous activity

0.388

4.8 (2.6) versus 4.5 (3.6) hour

0.559

Difficulties
RAND 36
3A Vigorous activities
Demographic Questionnaires
3B hours sport a week

8

Sub-group analyses for sports-activity based on pre-operative complaints
Haller index <3.2 versus >3.2
Exertional dyspnea
Cosmesis
Pain

No differences in sports activity
No differences in sports activity
No differences in sports activity
No differences in sports activity

0.70
0.69
0.85
1.0

Scores are represented in means (SD). Concerning scores: a higher score represents
improvement. Wilcoxon signed ranked test for paired comparison of ordinal data. Paired
t-test for continuous variable. McNemar test for subgroup analyses. The cut off point for
significance was p < 0.05.

Discussion
The primary goals of pectus correction are improvement of cosmesis and quality
of life. Quality of life and especially aspects such as body image, self-esteem and
emotional limitations improve significantly after surgery [16]. Increasing exercise
capacity, if that was an issue before operation, may be an important additional
goal. Not everyone with a pectus excavatum complains of exercise intolerance
pre-operatively. Kelly et al. reported approximately 65% of patients complained
of exercise intolerance or shortness of breath and approximately 30 percent
mentioned chest pains, even if they were not actively engaged in sports [2].
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Participation in sports has a number of advantages. Both boys and girls performing
individual sport or fitness activities have lower depression and anxiety levels
and higher well-being than those who do not participate in sports activities.
Boys involved in individual sport/fitness activity and boys involved in team
sports showed no significant differences on mental health status, while for girls,
there were significant differences in depression, anxiety and wellbeing between
those involved in individual sport or fitness activity and those involved in team
sports, with team sport associated with higher well-being and lower anxiety and
depressive symptoms. Overall, adolescents (30.2 %) reported participation in at
least one team sport, while 37.0 % reported participation in an individual sport or
fitness activity but not team sports. Boys were more active than girls [17].
Concerning sports participation the Dutch Trend rapport sport and health 20002014 showed membership of a sport club in healthy 12-17 year old adolescents
over the period 2006-2014 to be stable, with two third having a sport club
membership. In 2012-2014, 85% engaged in sport monthly and 74% on a weekly
basis [18]. The proportion of persons above 15 years not engaging in any moderate
physical activity in the Netherlands in 2005 was 13%. The 2002 proportion of
sufficiently active persons above 15 years was 44% [19].
In our cohort 67% of the patients engaged in sports activities, which is equivalent
to the average for their age group. In addition no significant increase in patients
engaging in sports one year after PE correction was found. Thus, surgery did
not lead to an increase in the average hours of sport activity of patients who did
engage in sport activity, neither did it change their preference for team sports or
individual sport activity.
The effects of surgical correction of PE and their impact on the cardiopulmonary system is still reason for discussion, whereby different mechanisms
by which PE may reduce cardio-pulmonary function are brought forward. There
may be an association between PE and diminished static pulmonary function.
Correction with Nuss bar implantation procedure results in improvement in
chest wall motion; this improvement in the breathing action is accompanied by
improvement in pulmonary function tests [20]. Furthermore surgical correction
of a deep PE may improve cardiac function by relieving inflow restriction [21].
The issue of improved cardiac function after chest wall reconstruction is also still
debated, Guntheroth et al. found no improvement after surgery [22]. Lesbo et al.
showed a lower stroke index without heart rate changes in pre-operative pectus
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patients compared to healthy age matches [23]. Jeong et al. found that the heart
returns to normal position and shape with improved cardiac function after PE
correction [24].
The change of pulmonary function after surgery is less contradictory. Maagaard
et al. noticed that the forced expiratory volume in 1 second (FEV1) normalized 1
year after PE surgery, and that 3 years after Nuss bar removal, cardiopulmonary
function in patient during exercise had normalized and was comparable to peers
[25]. Kelly et al. showed significant improvement in lung function measurements
during rest and in VO2 max and O2 pulse after operation in pectus excavatum
patients with a computed tomography index (Haller Index) >3.2. However,
the number of patients in the study who actually had pre – and post-operative
measurements was limited to 20 of 327 patients [26].
Neviere et al. suggested that impaired inspiratory muscle strength to generate
negative pulmonary pressure in patients with PE and so limiting venous return
and cardiac output was the underlying problem of reduced cardio-pulmonary
function, and responded well to surgery [27]. Redlinger et al. demonstrated that
chest wall motion dysfunction disappeared after surgical correction of the PE
with a Nuss bar [28].
Although many studies observe cardio-pulmonary changes after surgical
correction of PE, it is still not clear what the effects are on daily life for the patients.
The studies give diverse conclusions which do frequently contradict each other.
In this study changes in physiological functioning are solely subjective patient
reported outcomes (PROMS). It was not confirmed with exercise tests. It may be that
the subjective changes are not reflected when actually testing the patients. However,
we feel that the subjective improvement is what counts for these adolescents,
because that makes them feel better whether or not it is reproducible in tests.
Another limitation of the study may be that the second questionnaires were
administered when the Nuss bar was still in place. It may be that the patient
reported outcomes change after removal of the bar. In the studies that tested
patients before and after surgery for pectus excavatum only 1 study performed
tests before, during (after 1 year), and after Nuss bar treatment (6 months later)
[25] and 1 study tested before placement and 3 months after bar removal [29].
Both studies showed improvement in exercise function after surgery comparable
to controls and Nuss bar removal did not influence this improvement.
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Follow-up in our study is currently 1 year post-surgery. It may be that the reported
outcomes change over time. In this study additional measurement moments are
planned, however considering the fact that no study has a follow up longer than
three years and none of the aforementioned studies has included PROMS we
feel it is important to share these results in order to show that pectus excavatum
repair leads to subjectively improved physical conditions.
We could argue that in our study the number of patients involved in sport activity
did not change one year after surgical PE correction with Nuss bar. However
there was a significant decrease in avoidance behavior, increased physical exercise
capability and physical activity tolerance after PE correction surgery. The physical
capability increased even without regular sport activity. Moreover the study group
did not contain large numbers of patient with a deep pectus excavatum (30%
Haller Index >3.2), the patients in whom the largest benefit could be expected.
Less avoidance, less difficulties with sports activities and less perceived problems
with physical exercise. These findings, suggest an improvement of the cardiopulmonary function in our patients, although this was not translated into a higher
percentage of sport participation which remained equivalent to the percentage of
the study group before surgery.

120

Sports activity in PE

References
1.
2.

3.

4.

5.

6.

7.
8.

9.
10.

11.
12.
13.

Shamberger RC. Congenital chest wall deformities. Curr Probl Surg 1996; 33: 469552.
Kelly RE Jr, Shamberger RC, Mellins RB, et al. Prospective multicenter study of
surgical correction of pectus excavatum: design, perioperative complications, pain,
and baseline pulmonary function facilitated by internet-based data collection. J Am
Coll Surg 2007;205:205-216.
Lam MWC, Klassen AF, Montgomery CJ, et al. Quality-of-Life Outcomes after
Surgical Correction of Pectus excavatum: A Comparison of the Ravitch and Nuss
procedures. J Pediatr Surg 2008; 43: 819-825.
Kelly RE, Cash TF, Shamberger RC, et al. Surgical Repair of Pectus excavatum
Markedly Improves Body Image and Perceived Ability for Physical Activity:
Multicenter Study. Pediatrics 2008; 122: 1218-1222.
Krasopoulos G, Dusmet M, Ladas G, Goldstraw P. Nuss Procedure Improves the
Quality of Life in Young Male Adults with Pectus excavatum Deformity. Eur J
CardioThorac Surg 2006; 29:1-5.
Shaalan AM, Kasb I, Elwakeel EE, Elkamali YA. Outcome of surgical repair of Pectus
Excavatum in adults. J Cardiothorac Surg 2017;12:72. DOI:10.1186/s13019-0170635-z.
Ewert F, Syed J, Kern S, et al. Symptoms in Pectus Deformities: A Scoring System for
Subjective Physical Complaints. Thorac Cardiovasc Surg 2017; 65:43–49.
Koo Kim H, Young Yoon J, Nam Han K, Ho Choi Y. Effect of the Nuss Procedure
on the Physical Development of Patients with Pectus Excavatum. Ann Thorac
Cardiovasc Surg 2016; 22: 327–332.
Swanson JW, Avansino JR, Phillips GS, et al. Correlating Haller Index and
cardiopulmonary disease in pectus excavatum. Am J Surg 2012; 5:660-664.
Steinmann C, Krille S, Mueller A, et al. A Pectus excavatum and Pectus Carinatum
Patients Suffer from Lower Quality of Life and Impaired Body Image: A Control
Group Comparison of Psychological Characteristics Prior to Surgical Correction.
Eur J CardioThorac Surg2011; 40:1138-1145.
Warburton DER, Nicol CW, Bredin SSD. Health benefits of physical activity: the
evidence. Can Med Assoc J 2006;174: 801-809.
Landgraf JM, Abetz L, Ware JA. The CHQ User Manual. The Health Institute, New
England Medical Center, Boston 1996.
Raat H, Landgraf JM, Bonsel GJ, et al. Reliability and Validity of the Child Health
Questionnaire-Child Form (CHQ-CF87) in a Dutch Adolescent Population. Qual
Life Res 2002; 11: 575-581.
121

8

Chapter 8

14. Lawson ML, Cash TF, Akers R, et al. A pilot study of the impact of surgical repair on
disease-specific quality of life among patients with pectus excavatum. J Pediatr Surg
2003;38: 916-918.
15. Aaronson NK, Muller M, Cohen PDA, et al. Translation, validation, and norming of
the Dutch language version of the SF-36 Health Survey in community and chronic
disease populations. J Clin Epidemiol 1998; 51: 1055-1068.
16. Zuidema WP, Oosterhuis JWA, Zijp GW, van der Heide SM, van der Steeg AFW, van
Heurn LWE. Early Consequences of Pectus Excavatum Surgery on Self-Esteem
and General Quality of Life, World J Surg 2018; 8: 2502-2506
17. McMahon EM, Corcoran P, O’Regan G, et al. Physical activity in European
adolescents and associations with anxiety, depression and wellbeing. Eur Child
Adolesc Psychiatry 2017; 26: 111-122.
18. TNO: Trendrapport bewegen en gezondheid 2000/2014. Hildebrandt VH, Bernaards
CM, Hofstetter H. Leiden 2015.
19. WHO Review of physical activity surveillance data sources in European Union
Member States 2010. Report no.6.
20. Kelly RE Jr, Obermeyer RJ, Nuss D. Diminished pulmonary function in pectus
excavatum: from denying the problem to finding the mechanism. Ann Cardiothorac
Surg 2016;5:466-475.
21. Maagaard M, Heiberg J. Improved cardiac function and exercise capacity following
correction of pectus excavatum: review of current literature. Ann Cardiothorac Surg
2016;5:485-492.
22. Guntheroth WG, Spiers PS. Cardiac Function Before and After Surgery for Pectus
Excavatum. Am J Cardiol 2007;99:1762-1764.
23. Lesbo M, Tanga M, Nielsena HH, et al. Compromised cardiac function in exercising
teenagers with pectus excavatum. Interactive CardioVascular and Thoracic Surgery
2011;13: 377-380.
24. Jeong JY, Park HJ, Lee J, et al. Cardiac morphologic changes after the Nuss operation
for correction of pectus excavatum. Ann Thorac Surg 2014; 97:474-478.
25. Maagaard M, Tang M, Ringgaard S, et al. Normalized Cardiopulmonary Exercise
Function in Patients With Pectus Excavatum Three Years After Operation. Ann
Thorac Surg 2013; 96:272–278.
26. Kelly RE Jr, Mellins RB, Shamberger RC, et al. Multicenter study of pectus excavatum,
final report: complications, static/exercise pulmonary function, and anatomic
outcomes. J Am Coll Surg 2013;217:1080-1089.
27. Neviere R, Wurtz A. Evidence of normalized cardiopulmonary function after pectus
excavatum repair. Ann Thorac Surg 2014;97:1123-1124.

122

Sports activity in PE

28. Redlinger RE Jr, Wootton A, Kelly RE, et al. Optoelectronic plethysmography
demonstrates abrogation of regional chest wall motion dysfunction in patients with
pectus excavatum after Nuss repair. J Pediatr Surg 2012;47:160-164.
29. O’Keefe J, Byrne R, Montgomery M, Harder J, Roberts D, Sigalet DL. Longer term
effects of closed repair of pectus excavatum on cardiopulmonary status. J Pediatr
Surg 2013; 48:1049-1054.

8

123

