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GPINAL RANGES OF MOTION IN BOYS WITH PECTUS EXCAVATUM

Abstract

~ Aim. The lack of comparative research into the spinal ranges of motion and somatic

:'i{'f&atures of children with pectus excavatum and healthy children was the reason for taking
up this topic. The aim of this work was to compare the spinal ranges of motion and basic

- somatic features of boys with pectus excavatum with healthy children.
Material and methods. The study included 30 boys from Sucha Beskidzka commune.

”"“' Fifteen subjects had pectus excavatum, whereas the remaining 15 boys were healthy and
 they constituted the control group. The mean age of the subjects was 13.3 + 0.4 and 13.5 +
~ 0.7. The study was carried out In 2008. The spinal range of motion was measured with the
~ use of the SFTR method. Also, body height, body mass as well as chest inspiratory and

- expiratory volume were measured.
Results. Smaller ranges of motion of the spine were observed in boys with pectus

excavatum. Significant differences concerned lateral flexions of thoracolumbar spine, the
1 flexion of the lumbar spine as well as the flexion of the whole spine. Significant diffe-
- rences between the groups were found in chest circumference.

~ Conclusions. Significant differences in some ranges of motion of the spine between the
- groups are caused by rachitis. Statistically significant differences in chest circumference
~indicate that rachitis exerts negative influence on the range of motion of the chest and on

the respiratory system.

IIL

Key words: boys, spine, range of motion, somatic features.

1. Introduction

~ Body posture is a characteristic feature of human beings. It helps to maintain an erect
bipedal position. It is an individual feature of every human and it is labile and changeable
iﬂ ontogeny. The developmental age is particularly important for postural development. It
consists of two critical periods. The first one 1s connected with commencing school edu-
cation and changing an active lifestyle into a sedentary one. The other period is the puber-
tal spurt during which there occurs intensive growth of bones as well as the weakening of
postural and deep muscles of the spine.
Acquired postural defects of children in developmental age usually result from 1m-

p‘_ OPCI‘_ r motor habits while those inborn may be caused by rachitis. Pectus excavatum (after
- Tachitis) is not genetically based. It is characterised by the funnel-shaped sinking of the
~Sternum and adjacent ribs. If the “funnel” covers the centre of the sternum, post-rachitic

~Ta




etrical: if it is moved to one side, changes are asymmetrical [2, 3, 10,
se circulatory-respiratory efficiency and

are smaller, lighter and their ranges of

motion and circumference of the chest are lower than those of their healthy counterparts.
Another characteristic feature of asthenic body build is flaccidity and considerable
weakening of postural muscles of the back and abdomen as well as gluteal muscles.
Muscles become more weakened together with an increase in deformity values [5, 11].

In scientific publications there is no comparative research into the spinal ranges of
motion in children with chest deformities in relation to healthy children. Therefore, the
authors examined the spinal ranges of motion in children with pectus excavatum where-
upon they compared the data obtained with the results of healthy boys. The data presented
form the basis for further research assessing the influence of chest deformity on the spinal
range of motion. The authors” own results and conclusions may point to the need for
implementing exercises that maintain and stimulate sectional range of motion of the spine

in children with chest defects.

changes are symm
12]. Children with pectus excavatum have wor

demonstrate worse somatic development. They

2. Aim

xis of the body. Its proper build ensures optimal static-dynamic
system. Rachitis leads to a deformity of the chest and to

changes within the internal structure of vertebrae. As a result, the spinal range of motion in
children with pectus excavatum may decrease in comparison to healthy individuals. The
lack of comparative research into the spinal ranges of motion of children with pectus
excavatum and healthy children was the direct reason for taking up this topic. In addition,
basic somatic features of boys with pectus excavatum Were compared to those of healthy

boys. Therefore, research questions and hypotheses were formulated.

The spine is a central a
efficiency of the musculoskeletal

Research questions:

|. Are there any differences

excavatum and healthy boys?
7. Are there any differences in basic somatic features

excavatum and healthy boys?

Research hypotheses:
s with pectus excavatum demonstrate smaller ranges of motion of the spine than

in the spinal ranges of motion between boys with pectus

between boys with pectus

1. Boy

the healthy ones.
2. Boys with pectus excavatum

healthy ones.

demonstrate worse physical development than the

3. Material and methods

3.1. Material
The study included 30 boys from Sucha Beskidzka commune. Fifteen subjects had

pectus excavatum, whereas the remaining 15 boys were healthy and they constituted the

control group. The study was carried out in 2008. The mean age of the subjects was 13.3 +
0.4 and 13.5 + 0.7. The study included children who declared no previous injuries and

lesions of the musculoskeletal system.

— D)

3.2. Methods
t tEhessE%nal ranges of motion were evaluated with the use of a measuring tape according
o the 1CR methoq. The. lzn‘easurern‘ents were made from selected osseous points to an
Fa[%cu:ja%’ of 0.5 cm (in an initial position and after performing a maximal range of motion)
e difference be‘mieen the final and initial measurement was the range of motion Ter;
spinal ranges of motion were taken into account: .
!._tFIlexmn of cervical sPine. In a sitting position. The distance between external
OCCépl E Frotl:lbera?ce and the spinous process of the 7th cervical vertebra was measured
. Extension of cervical spine in a sitting position. The di |
| . cer’ . The distance be
the chin and jugular incisure of the episternum. PRI
1 t3. Left}; and n_ght-side flexion of cervical spine in a sitting position. The distance
e weendt e mastf:)ld process of the temporal bone and the acromion of the scapula was
measured on the right side. In the case of the right-side flexion, the measurement d
on the left side. ‘ WHOWS
bet4. Lef;— and right-side? rotation of cervical spine in a sitting position. The distance
.dw?en the top of the 'chm :a.nd the acromion of the scapula was measured on the right
S1 ?5' 1117 Ithe- case of the right-side rotation, the measurement was made on the left side
. Flexion of thoracic spine in a standing position. The distance between the spinous

process of the 1* thoracic vertebra : th :
. and the spinous process of the 12" thoracic vertebra was

L 21 Legt- and right-side ﬂexion' of thoracolumbar spine in a standing position. The
(withnc'e hetween t_he top of the axilla and the crista iliaca was measured on the right side
A right upper limb on the nape). In the case of the right-side flexion (left upper limb on
€ nape), the measurement was made on the left side.
dis;hcl;eg-tand rltiht-s'idhe r((i)tation of thoracolumbar spine in a standing position. The
etween the xiphoid process of the sternum and the anteri g Rt
was measured on the right side. In the ca ‘ i TEOT IRV i
B o the cft <ide se of the right-side rotation, the measurement was
procesglg?l&l; (;Etl;lm?)ar SP'"Z In a standing position. The distance between the spinous
umbar vert ‘ h
- unely ebra and the spinous process of the 5" lumbar vertebra was
Y, ; L .
Xipho.gxtensmn of lumbar spine in a standing position. The distance between the
101 Ell'ocess of the sternum and the pubic tubercles was measured
. Klexion of the whole spine in a standin iti sty
e g position. The distance betwee
CCipital protuberance and the base of the sacral bone was measured. ) Sreme

In addition, 4 somatic features were measured:

;- gogy mass measured with the use of scales to an accuracy of 100 g.
3- C?] y h(—;:lght measured with the use of anthropometer to an accuracy of 1 mm.
: est c1rcumfe.rence during expiration measured at the height of nipples with the
X l(ljS}? of a measuring tape to an accuracy of 1 mm.
- LChest circumference during inspirati ! |
' piration measured at the height of nippl !
use of a measuring tape to an accuracy of 1 mm. : i poleet

—




3.3. Statistical methods
Basic descriptive statistics were used in the analysis. Arithmetic means (X), standard

deviations (s) and coefficients of variation (V) were calculated for every feature in boys
with pectus excavatum and the healthy ones. To assess the differences between arithmetic
means of spinal ranges of motion and somatic features of boys with pectus excavatum and

the healthy ones the Student’s t-test was used [6].

4. Results

Ranges of motion in flexions, extensions. lateral flexions, rotations of cervical spine,
flexions of thoracic spine, rotations of thoracolumbar spine and extensions of lumbar spine
are similar in the examined groups. The flexion of cervical spine in boys with pectus
excavatum is 2.5 cm, while in healthy boys it is approximately 3 cm (t = -0.909, p=>0.05).
The extension of cervical spine is similar in both groups, i.e. about 7 cm (t = -0.133,
p>0.05). Left- and right-side flexions of cervical spine reach 4 cm in both groups
(t = -1.379 and t = - 0.909, p>0.05), while rotations are equal to approximately 6 cm and
7 cm (t = -1.515 and t = -1.724, p>0.05). Similar values of flexions of thoracic spine were
registered in the groups under investigation, i.e. about 4 cm (t = -0.732, p>0.05) (table I,
fig. 1). Left-side rotations of thoracolumbar spine are equal to approximately 4 cm in both
groups (t = -1.315, p>0.05); in the case of right-side rotations the boys with pectus ex-
cavatum reached about 3 cm, whereas the healthy ones had the values of 4 cm (t = -1.395,
p>0.05). The extension of lumbar spine in boys with pectus excavatum reached 6.5 cm,
while that of healthy boys reached approximately 7 cm (t=-1.272, p>0.05) (table I, fig. 2).

Significant differences in the ranges of motion of lateral flexions of thoracolumbar
spine, flexions of lumbar spine and flexions of the whole spine were observed between the
examined groups. Left- and right-side flexions of thoracolumbar spine are smaller in boys
with pectus excavatum than in the healthy ones, i.e. 6.5 cm and about & cm respectively
(t = -4.146, p<0.001 and t = -3.191, p<0.01) (table I, fig. 2). Boys with pectus excavatum
demonstrate a smaller flexion of lumbar spine than healthy boys, i.e. approximately 4 cm
and 5.5 cm (t = -2.600, p<0.05) and a smaller flexion of the whole spine, which is equal
9.5 cm and 12 cm respectively (t = -3.561, p<0.01). The results indicate that these are the
most significant differences in the spinal ranges of motion between the groups under exa-
mination. It must be highlighted that the chest deformity known as pectus excavatum limits
the ranges of motion of thoracolumbar spine in the coronal plane as well as lumbar spine

and the flexion of the whole spine in the sagittal plane to the highest degree (table I, fig. 2).

Table 1. Comparison of spinal ranges of motion in boys with pectus excavatum
and in healthy boys

— .~

Boys with pectus Boys from the Value
Range of motion (cm) excavatum control group t

| % el V X S l \%
Flexion of cervical spine (cm) 2.5 | 0.8 | 320 | 2.7 0.7 | 25.9 | -0.909
[Extension of cervical spine (cm) { ol 19 [ 268 7.2 | 2.0 27.8 [-0.133ﬂ
|eft-side flexion of cervical spine (cm) 40 | 0.8 1200]| 44 | 0.7 | 159 -1.379
Right-side flexion of cervical spine (cm) 4.0 { 0.8 [20.0] 43 | 0.7 | 16.3 | -0.909
| eft-side rotation of cervical spine (cm) 64 | 19 [297] 74 | 1.5 | 203 |-1.515
[Right-side rotation of cervical spine (cm) 6.0 | 1.6 | 26.7 ‘ 7.0 | 1.4 | 20.0 T-l.724

i

lexion of thoracic spine_(cm) | 3.7
| eft-side flexion of thoracolumbar spine (cm) 6.5 | 1.2 18.5 | 8.2 1 09 | 11.2 | -4.146

—htside flexion of thoracolumbar spine (cm) | 6.5 13 1200 80 | 1.2 | 150 |-3.191 %
. ine ( | 1315
~side rotation of thoracolumbar spine (cm) 37 | 1.2 | 324 | 4.2 '{ 0.7 | 16.7 | -1.

side rotation of thoracolumbar spine (cm) | 3.4 14 1412 40 [ 0.8 |20.0|-1.395

Flexion of lumbar spine_(cm) 42 | 1.4 (333 55 | 12 |21.8 | :2.600
ion of lumbar spine (¢m) 65 | 09 | 13.8| 7.2 |.8 25.0jl -1.272

Flexion of the whole spine (cm) 95 | 1.8 [ 18.9 12.11 20 | 16.5 | -3.561

gtudent’s t-test (t) significant at the level of p<0.001 is presented 1n bold type, while at the level of p<0.01 it 1s
in bold type and italics; at the level of p<0.05 it 1s presented in bold type and is underlined

| 12 | 324 ] 40 | 09 22.5i-0.732

Fig. 1. Arithmetic means of the ranges of motion of cervical and thoracic spine in boys

with pectus excavatum and healthy boys: 1 — flexion C, 2 — extension C 3 — le_ft—-side
flexion C. 4 — right-side flexion C. 5 — left-side rotation C. 6 — right-side rotation 3
7- flexion Th

12.4

.. e —

Fig. 2. Arithmetic means of the ranges of motion of thoracolumbar spine, lumbar spine and

of the whole spine in boys with pectus excavatum and healthy boys: 1 - left-sid.e flexion
Th-L, 2 — right-side flexion Th-L. 3 — left-side rotation Th-L, 4 — right-side rotation Th-L,
5 _ flexion L., 6 — extension L, 7 — flexion C-Th-L
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Boys with pectus excavatum are smaller and lighter than their healthy peers: however; S. Discussion

these differences are statistically insignificant. Body height of boys with pectus excavatum
1s approximately 157 ¢m, while in the case of healthy boys it is about 160 cm (t = - 0.571,
p=0.05). Body mass of boys with pectus excavatum is around 46 kg, while that of the
healthy ones is about 51 kg (t= -0.997, p=>0.05). Significant differences were noted in
circumferences of the chest between both groups. Chest circumference during expiration
and inspiration in boys with deformities resulting from rachitis is smaller than in the case
of healthy boys, i.e. approximately 80 cm and 86.5 ¢cm as well as around 74 cm and 81 cm
respectively (t = -2.053, p<0.05 and t = -2.109, p<0.01). Research results indicate that
body height and body mass are similar in the examined groups. Significant differences in
chest circumference during expiration and inspiration show that rachitis exerts negative
influence on the range of motion of the chest and on vital capacity (table I1, fig. 3).

3ody posture changes in ontogeny and depends on age, gender, genetic and socio-
fessional factors as well as on the lifestyle. Environmental pollution and improper
rition negatively affect health status of children and often cause rachitis, which leads to
nal deformities and chest defects.

In scientific publications there is research into the influence of various sports on spinal
es of motion. However, there are no studies concerning spinal ranges of motion in
dren with chest deformities 14, 7, 9]. Some authors studied the ranges of motion of the
., and the chest in children with chronic respiratory system disorders and scoliosis.
‘ et al. [1] show that children with chronic respiratory system disorders have limited
ges of motion of cervical spine in all planes, while chest and thoracic spine ranges of
otion are proper. Szopa and Domagalska [8] stated that the progression of the angle of
t r curvature limits the chest ranges of motion and leads to a decrease in body
effic ency in comparison with healthy people.

The author’s own research results indicate that boys with pectus excavatum have

Table I1. Characteristics of arithmetic mean values of the examined morphological
features in boys with pectus excavatum and in healthy boys

| Feature Boys with pectus excavatum Boys from the control group | Value t smalle ranges of motion than the control group. Statistically significant differences
. X S v X S _[ X108 concern lateral flexions of thoracolumbar spine (Th-L), flexions of lumbar spine (L.) and
Body height (cm) | 156.7 14.7 9.38 160.3 17.8 | 11.10 E

flexions of the whole spine (C-TH-L). As far as body height and body mass are concerned,
both groups are similar. However, smaller circumferences of the chest were observed in

Body mass (kg) | 46.1 | 100 | 21.69 50.9 14.7

Chest circumference boys with pectus excavatum. The results reveal that rachitis limits some ranges of motion
N, DA Ll 5 8 s 84 T 24 10.90 of the spine and the chest. In the course of time it leads to a decrease in vital capacity and
Chest ci%riferencer 1 s bod. efficiency. It ought to be pointed out that due to tl}e lack‘ of similar studies, direct

during expiration | 74.2 73 983 80.8 ] 8 10.89 parison of the results with findings of other authc?rs 1S 1mp0551b1<?.
(cm) | | ' | ‘ | | JAnear measurements of the spinal ranges of motion confirm their usefulness for cross-

sectional studies since they are neither time-consuming nor expensive. The author’s own

o 1

findings show that it is necessary to apply exercises aimed at stimulating the ranges of
5""?'-”' of the spine and the chest in children who suffered from rachitis in order to

il

Improve therapy-

Student’s t-test (t) significant at the level of p<0.05 is presented in bold type and is underlined

180

160

dEsae T 5 6. Conclusions

1. Boys with pectus excavatum demonstrate smaller ranges of motion than the control
EI0Up. Significant differences are observed in lateral flexions of thoracolumbar spine (TH-
L), flexions of lumbar spine (L) and flexions of the whole spine (C-TH-L), which leads to

758

|
b
— =*|I1:I-‘I .

o0 (R 4 e conclusion that these are the most important characteristics differentiating people with
40 ~HANEes resulting from rachitis from healthy people.
o i o ke 2 Boys with changes resulting from rachitis demonstrate smaller chest circumference

SUMNg inspiration and expiration than their healthy peers, which leads to the conclusion

l'jlchitis exerts negative influence on the range of motion of the chest and on vital

O 1o — N
Laovs  pecine exoavainn ot - contiol erom <
B

Fig. 3. Arithmetic means of morphological features in boys with pectus excavatum and
healthy boys: 1 — body height, 2 — body mass, 3 — chest circumference during inspiration,
4 — chest circumference during expiration

— 76 - ., . .
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