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Chronic chest pain in healthy children and adolescents generally arises from
non-cardiac factors. The purpose of our study was to compare the evaluation
results of effort test, respiratory function and musculoskeletal system in
children and adolescents with chest pain for non-cardiac reasons with
healthy children and adolescents. Physical activity level was determined by
the International Physical Activity Questionnaire. The respiratory function
test was performed using a spirometer. The posture analysis was performed
to determine the upper body deformities. The effort test was performed on
a treadmill. The two groups were similar in terms of the physical activity
levels, respiratory function and effort test results (p>0.05). The rate of the
rounded shoulder, kyphosis was significantly higher in the patient group with
chest pain (p<0.005). Consequently, the musculoskeletal system findings
including the pectoralis minor shortness, rounded shoulder, and thoracic
kyphosis could have a role in non-cardiac chest pain.
Key words: chest pain, child, musculoskeletal system, respiratory function tests,
electrocardiography, effort test, FVC, FEV1, shortness, posture analysis.

Chest pain is a most common symptom
which is encountered in pediatrics, pediatric
cardiology, and pediatric emergency departments
and which threatens life and has an effect on
daily life. It is stated that chronic chest pain
in healthy children and adolescents generally
arises from non-cardiac factors1,2. Because of
the heterogeneous feature of chest pain which
is connected with non-cardiac reasons, there
is not a precise classification intended for it.
Most of those pains are reported to be possibly
related to gastrointestinal and respiratory
system problems or psychogenic and idiopathic
reasons, especially the musculoskeletal system
being in the first place2.
The most prevalent reasons for the
musculoskeletal-system-based chest pain are

muscle and joint dysfunctions which are
called musculoskeletal disorders including
costochondritis, Tietze’s syndrome, sliding rib
syndrome, muscle spasm, muscle strain, stress
fractures, xiphoid cartilage syndrome and cough
trauma3. The musculoskeletal-system-based
chest pains are defined mostly in the posterior
part of the chest (thoracic) wall and it is
considered that the segmental dysfunction of
the cervico-thoracic spine (C4-T8) causes pain
in the front part of the chest wall4,5.
Based upon this information, it seems that
it is important to extensively evaluate the
musculoskeletal system in children and
adolescents who have chest pain for noncardiac reasons.
According to the results of the studies
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conducted, it was determined that only 5%
of the chest pain in children and adolescents
is cardiac-dependent6-8.
The patients with a positive family history,
accompanying tachycardia, syncope, decrease in
effort capacity, abnormal physical examination,
and electrocardiographic findings are required
to be evaluated in more detail in terms of
cardiac functions.
It is emphasized that what is known about the
natural history of chest pain for non-cardiac
reasons in children and adolescents and about
the risk factors associated with this pain is
limited due to the lack of well-designed studies
on the subject.
The purpose of our study was to compare the
evaluation results of effort test, respiratory
function and musculoskeletal system in children
and adolescents with chest pain for non-cardiac
reasons with healthy children and adolescents.
Material and Methods
Fifty-seven children and adolescents who
applied to Faculty of Medicine, Pediatric
Cardiology department with the complaint
of chest pain and were diagnosed by the
cardiologist with the chest pain for non-cardiac
reasons were included in our study. 59 healthy
children and adolescents without chest pain
were evaluated as the control group.
Children with cooperation problems, chest

pain for cardiac reasons, organic heart disease,
lung disease, congenital or acquired orthopedic
problems were excluded from the study. Within
the scope of the evaluation, an informed
consent form was received from all the families
of all children. As for carrying out the research,
the required permission and approval were
received from the Ethical Committee of The
Clinical Researches in Kırıkkale University.
(15/03.12.05.2014). This study was supported
by Kırkkale University Scientific Research
Projects Coordination Unit .
In the first admission, the nature, severity, and
location of the pain, symptoms accompanying
the pain, factors triggering, increasing and/
or relieving the pain were examined in
detail by the doctor. The socio-demographic
characteristics (age, height, weight, body mass
index, exercise and smoking habits) of the
children and adolescents who participated in the
study were noted. In addition, physical activity
levels of the participants were determined.
Physical activity level was determined by the
International Physical Activity Questionnaire
(short form-IPAQ), the Turkish validity and
reliability studies of which were performed. The
Questionnaire consists of seven questions and
provides information about walking, moderately
severe activities and the time spent in severe
activities, walking and sitting. The calculation
of the total score includes walking, moderately
severe activity and the time (minutes) and

Table I. Descriptive Characteristics of the Individuals Who Participated in the Study.

Age, mean (Χ±SD), year
BMI, mean (Χ±SD),

kg/m2

Patient group (n=57)

Control
(n=59)

p

12.95±2.70

12.51±2.92

0.404†

20.38±6.67

20.19±4.57

0.859†

Gender, n (%)
Female
Male

0.506††
25 (56.1)
32 (43.9)

30 (50.8)
29 (49.2)

Do you smoke?

0.226

Yes

3(5.1)

3(5.2)

No

54(94.9)

56(94.9)

Yes

10(17.59

12(20.3)

No

47(82.5)

47(79.7)

Regular Exercise Habit, n (%)

BMI: Body Mass Index
* p<0,05; †: t-test ††: Chi-Square Test

0.334
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Table II. Characteristics of the Chest Pain.
Duration of complaining

Nature of the pain

Duration of the pain

Frequency of the pain

Localization of the pain

Spread of the pain

Conditions with which the pain is associated

Less than 1 week

7(12.3)

1 week - 1 month

11(19.3)

1 month - 1 year

30(52.6)

Longer than 1 year

9(15.8)

pinprick

16(28.1)

knife stuck

26(45.6)

blunt pain

13(22.8)

burning

2(3.5)

shorter than 30 sec

12(21.1)

30-60 sec

5(8.8)

1-5 min

22(38.6)

5-15 min

10(17.5)

15-30 min

3(5.3)

Longer than 30 mins

4(7.0)

cannot be identified

1(1.8)

once a day

10(17.5)

more than once a day

18(31.6)

between 1-5 in a week

17(29.8)

between 1-5 in a month

7(12.3)

cannot be identified

5(8.8)

left precordium

34(59.6)

right precordium

5(8.8)

sternum

13(22.8)

epigastric

2(3.5)

cannot be identified

3(5.3)

to precordium

7(12.3)

to shoulder

11(19.3)

to abdomen

5(8.8)

to arm

8(14.0)

no spread

26(45.6)

Relationship with exercise
yes

43(75.4)

no

14(24.6)

relationship with breathing
yes

26(45.6)

no

31(54.4)

family history

Resolution

yes

28(49.1)

no

29(50.9)

instinctively

5(8.8)

resting

16(28.1)

other

25(43.9)

no

11(19.3)
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frequency (days) sum of the severe activity.
Sitting score (level of sedentary behavior) is
calculated separately. The fact that each activity
is performed for at least 10 minutes at once
is taken as the criterion in the evaluation of
all activities. A score is obtained as “METminute/week” by multiplying the minute, day
and MET value (multiples of resting oxygen
consumption). The value of 3.3 MET is taken
for walking in the calculation of walking score,
the value of 4 MET is taken for moderately
severe activity, and the value of 8 MET is
taken for the severe activity. According to
the Questionnaire, physical activity levels are
classified as those physically inactive (<600
MET-min/week), those with the low physical
activity level (600-3000 MET-min/week) and
those with the sufficient physical activity level
(useful in terms of health) (>3000 MET-min/
week)9.
After completing the examinations and taking
the history, the respiratory function test was

firstly performed by the physiotherapist, chest
girth measurements were made, and the
effort test was conducted by the cardiologist.
A comprehensive musculoskeletal system
assessment was also made10.
The respiratory function test was performed in
a sitting position using a spirometer (BTL-08
Spiro Pro system, Germany). After obtaining
at least three measurements which were
technically acceptable, the best test was selected
for the analysis. Forced vital capacity (FVC),
forced expiration volume in the 1st second
(FEV1), peak expiratory flow (PEF) and 25-75%
values of the forced expiratory flow (FEF 2575%) were noted. The respiratory function test
parameters were expressed as the percentage
of the values expected by age, height, body
weight and gender11.
People were positioned in sitting position for
chest girth measurements. The measurements
were taken from the axillary (4th rib alignment)

Table III. Comparison of Physical Activity Levels, Respiratory Function Test, Chest Girth Measurements
and Effort Test Results of the Groups.
Patient group

Control

p-value

Severe activity

510.36±1193.90

812.61±1573.36

0.187

Moderately severe activity

80.00±187.19

235.63±739.09

0.326

Walking

614.67±706.58

680.59±884.59

0.578

Total IPAQ

1226.60±1467.70

1728.80±2190.59

0. 385

Forced vital capacity

96.73±17.88

99.29±16.47

0.285

Forced expiration volume
in the 1st second
25-75% of the forced
expiratory flow
Peak expiratory flow rate

94.33±15.64

93.01±15.13

0.681

2.83±1.07

2.78±1.05

0.638

85.80±19.18

85.33±17.90

0.892

Axillary inspirationexpiration difference
Subcostal inspirationexpiration difference
effort test

4.48±1.85

6.18±4.52

0.001*

2.41±3.12

4.31±6.05

0.001*

Maximum heart rate
percentage reached (%)
MET value reached

80.71±14.78

84.32±9.26

0.119

10.30±2.68

9.89±2.63

0.795

duration of effort (sec)

439.37±123.92

426.20±164.43

0.820

IPAQ

RFT

Chest girth measurement

* p<0,05, IPAQ: International Physical Activity Questionnaire; RFT: The Respiratory Function test; MET: Minimal
Energy Consumption
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and subcostal (9th rib alignment) regions using
a measuring tape at the moment of normal,
maximal inspiration and maximal expiration.
The measurements were repeated three times,
and the highest value was recorded12.

Windows Release 16.0 (SPSS Inc, Chicago,
USA). The arithmetic mean±standard deviation
(x±ss) were calculated for all variables. The
intergroup differences of the qualitative data
were evaluated by the chi-square test. In the
intergroup evaluation of the findings, the
difference test between 2 averages was applied
when parametric conditions were fulfilled, and
the Mann-Whitney U Test was applied when
parametric conditions were not fulfilled. Error
probability was taken as p< 0.0514.

For the determination of the cardiovascular
endurance, the effort test was performed
on the treadmill by performing (ECG) every
three minutes accompanied by the pediatric
cardiologist according to the Bruce protocol13.
The maximum heart rate percentage achieved
during the effort test, test period and minimal
energy consumption (MET) level were noted.
As a part of the musculoskeletal system
assessment, the shortness test was performed
to pectoralis major and minor muscles in the
upper extremity, and the posture analysis
was performed to determine the upper body
deformities2.
Statistics
Data analysis was performed using SPSS for

Results
Our study was carried out with 116 children
and adolescents aged between 6-18 (average age
12.72±2.81 years). The patient group consisting
of children and adolescents with chest pain for
non-cardiac reasons included 57 individuals and
the control group consisting of healthy children
and adolescents included 59 individuals. The
socio-demographic characteristics of the
children and adolescents who participated in

Table IV. Posture Analysis Results.
Patient group (n=57)

Control
(n=59)

47 (82.5)

26(44.1)

Rounded Shoulder, n (%)
Yes
No

0.001*
10 (17.5)

33(55.9)

Kyphosis, n (%)

0.004*

Yes

29 (50.9)

15(25.4)

No

28(49.1)

44(74.6)

Scoliosis, n (%)
Yes
No

0.062
4 (7)

11(18.6)

53(93)

48(81.4)

Normal

33(57.9)

34(57.6)

Increased

24(42.1)

24(40.7)

Decreased

0(0)

1(1.7)

Normal

50(87,7)

55(93.2)

Koilosternia

2(3.5)

2(3.4)

Pigeon Breast

3(5.3)

1(1.7)

Barrel Chest

2(3.5)

1(1.7)

Yes

44 (76.8)

13 (22)

No

13(23.2)

46 (78)

Lordosis n (%)

0.612

Chest Type (%)

0.660

Pectoralis minor muscle shortness n(%)

* p<0,05; Chi-Square Test

p

0.001*
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the study are summarized in Table I.
The characteristics of the chest pain complaint
in children and adolescents in the patient group
are presented in Table II.
No significant difference was found between
the two groups in terms of the physical activity
levels and the respiratory function test values
(p>0.05, Table III).
When chest girth measurements between the
groups were compared, the difference between
inspiration and expiration in the axillary and
subcostal chest girth measurements in the
control group was found to be significantly
higher compared to the patient group (p<0.05,
Table III).
No significant difference was found between
the two groups in terms of the effort test
results (p>0.05, Table III).
The postural analysis results according to the
groups are presented in Table IV. The rate of the
incidence of the rounded shoulder, kyphosis was
significantly higher in the patient group with
chest pain for non-cardiac reasons compared
to the control group (p<0.05, Table IV).
When the muscle shortness results were taken
into account, no shortness belonging to the
sternal and clavicular part of pectoralis major
muscle was found in both groups. However,
the rate of the incidence of shortness in the
pectoralis minor muscle was significantly lower
in the control group compared to the patient
group (p<0.05, Table IV).
Discussion
As a part of our study, children and adolescents
with chest pain for non-cardiac reasons were
compared with healthy children and adolescents
in terms of the comprehensive physical
examination and effort test along with the
respiratory function tests and musculoskeletal
system evaluation results.
It is indicated that one of the most important
approaches in evaluating pediatric chest pain
is taking a comprehensive history2. The sociodemographic characteristics of all children and
adolescents who participated in our study were
examined in detail. No difference which might
be related to the pain symptom in the group
with chest pain was encountered between two
groups.
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It is reported that chest pain in children may
result from all the structures comprising the rib
cage and included in it, while it is encountered
at each age, it emerges most frequently around
the age of 13 years15,16.
It has been reported that chest pains observed
in children and adolescents can usually develop
depending on the idiopathic, psychological and
musculoskeletal system pathologies without a
serious disease2,5. According to the results of a
study carried out, the ratio of musculoskeletalsystem-based pains varies between 21% and
49% in children with chest pain17. In a study
carried out in Turkey, it is stated that the pain
arises from the musculoskeletal system in 15%
of 80 children admitted to pediatric polyclinics
with chest pain18.
Among the distinctive characteristics of
musculoskeletal-system-based pain are its
being felt in the midsternal area, being in a
knife-like stabbing manner, and lasting from a
second to a minute19. Some characteristics of
the pain which gave rise to the thought that
the pain might be musculoskeletal-system-based
were determined in the cases having complaints
of the pain in our study as follows: the pain
usually lasted for between 1-5 minutes and
was in a knife-like stabbing manner.
The FEV1, FVC values in the respiratory
function tests applied to examine the pain
in children and adolescents who received a
diagnosis of chest pain for non-cardiac reasons
better were similar with the healthy control
group. When the results of the effort test
applied to determine the relation of chest
pain with exercises and its probable effect
on the exercise capacity were interpreted,
the MET values obtained after the test which
were close to each other and the durations
of the test demonstrated that there was not
a difference between the groups in terms of
exercise capacity.
It is demonstrated that there is a positive
relationship between the physical activity and
cardiorespiratory fitness measured objectively
in children and adolescents20-22. The study of
Berntsen et al23. shows that lung functions are
better in children with a high physical activity
level. Based on the literature, we consider
that similar physical activity levels according
to the IPAQ results of the two groups in our
study may explain the similarity observed in
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the respiratory function test and effort test
parameters. On the other hand, it is estimated
that the facts that any problem related to cardiac
and respiratory diseases is not determined in
children who have complaints of chest pain,
that the pain complaint is usually observed
for a shorter time than 1 year and the pain
experience is less than 5 minutes play a role
in the similarity of the effort and respiratory
function tests.

development of rounded shoulder in students
at young ages and it is often encountered
together with two spinal deformities32,33. The
results related to the postural deformities in
children with chest pain in our study comply
with all the information in the literature.

Since the chest wall is a structure involving
various bones and soft tissues together,
it is stated that to define the real reason
for chest pain in a person is difficult 24,25.
The necessity of a detailed evaluation of
the musculoskeletal system in children and
adolescents with chest pain for non-cardiac
reasons is emphasized. Attention is drawn to
the fact that costochondral joints, sternum,
costas, thoracic vertebrae and intercostal,
paraspinal, trapezius and pectoral muscles are
the important areas which should be evaluated
by examining with palpation 26. At the end
of our study, the most important differences
distinguishing the children with chest pain for
non-cardiac reasons from the healthy controls
were obtained from the musculoskeletal system
evaluations. In the children with chest pain,
kyphosis, rounded shoulder problems, and
Pectoralis Minor Muscle Shortness rate in
both directions were significantly higher when
compared to another group.
According to the results of the studies carried
out, the postural deformities of the spinal
column and shoulder arch are frequently
encountered in school students as a result
of factors such as the hyper-flexibility of the
musculoskeletal system, carrying a heavy bag,
writing in wrong posture for a long time and
listening to the lesson with the neck, shoulders
and waist in a stable bad position27-29. In quite
an early study, it is expressed that scoliosis
and kyphosis are not expected to be the only
reason for chest pain. The related deformities
are accepted to be predisposing factors in the
ligament-based chest pains30.
The appropriateness of the shoulder joint and
arm position depends on the symmetrical
sequence of the scapula bones. When the
sequence of the scapula bones is abnormal it
causes deformity in the shoulder joint27,31.
It is reported that kyphosis contributes to the

Kocis 34 gives a detailed list for different
diagnoses in children with chest pain. Pectoralis
Major and Minor muscles are the most
important muscular pains included within
this list. According to Simons35, the trigger
point with pain of the pectoralis minor muscle
imitates cardiac ischemia and it is necessary to
regard it as a different diagnosis of chest pain.
The pectoralis minor muscle starts from the
exterior surface of the cartilages of the 3rd and
5th costas and attaches to the coracoid process
of the scapula. The functions of this muscle
are to stabilize the scapula and help inspiration
by pulling up the costas that it holds on to
when the shoulder is stable. When the pectoral
muscles are short, they cause rounded and
stoop shoulders, the head-tilt-forward posture
and thoracic kyphosis by pulling the shoulder
arch to the protraction36,37. Furthermore, it
is assumed that a shortened Pectoralis Minor
muscle may have a relation with the decrease
in the upper body mobility38.
The double-sided Pectoralis Minor muscle
shortness which is a prominent finding in
children and adolescents with chest pain is
a finding that is expected to accompany two
other postural deformities observed, which
are kyphosis and rounded shoulders, that may
have a role in chest pain and supports the
literature. On the other hand, again in line
with the literature, the values for the chest
girth measurements especially at the subcostal
level in children and adolescents with pain are
lower. It was thought that the fact that the
Pectoralis Minor muscle shortness decreases
the stretching ability of the chest might be
related to this result.
As a result, it was thought that the
musculoskeletal system findings which involve
the pectoralis minor shortness, rounded
shoulder and thoracic kyphosis in children with
chest pain for non-cardiac reasons may have
a role in the pain. In addition to the routine
examination in children and adolescents with
chest pain, it will be possible to determine the
postural problems with simple musculoskeletal
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system evaluations and it will be possible to
correct them with proper exercise programs. It
will be possible to decrease application rates
due to chest pain for non-cardiac reasons to
pediatric clinics and the workload of pediatrists
with an early evaluation and intervention.
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