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SUMMARY

The aim of the research was to contribute to better understanding of the correlation between
postural disorders and muscle power in primary school children. The sample of respondents consisted of
1,120 children, aged 7 to 12 years (549 boys and 571 girls) from the territory of the municipality of
Knjazevac. In the assessment of the spinal column status, the device "Spinal Mouse" (Switzerland) was
used, while in the analysis of the status of the feet, the podoscope "Pedic" (Hungary) was used. A hand-
held dynamometer ,Lafayette” (USA) and tensiometric force platform ,Vernier Force Plate” (USA) were
used in the analysis of muscle power. Spinal column and feet status were measured in the static condition,
with children being in the upright standing position. Muscle power status was measured in both static (a
clinician was applying muscle force to the dominant upper extremity of a child trying to overcome or
“break” the child’s muscle resistance) and dynamic conditions (Counter Movement Jump). Descriptive
statistics and correlation analysis were used in data processing by the means of the SPSS software version
24. Results revealed poor postural and muscle power status, and correlations suggesting to possible kinetic
chain reaction causing the disruption of the normal postural status in primary school children. Determined
postural disorders are characterized by the early functional stage that can be reduced by appropriate
corrective exercise programme application and augmented level of proper physical activity. Those
programmes and activities are being guided and implemented by physicians and PE teachers in the
municipality of Knjazevac.
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INTRODUCTION

Disturbed postural status in school children
may have favorable outcome in case of early de-
tection, systematic monitoring and corrective treat-
ment including specific rehabilitation, swimming
and follow-up activities (1).

Preventive programmes should aim to aug-
ment regular participation of pre-school children in
different sports and physical activities and to orga-
nize systematic check-ups at least once at the annual
level. Hence, prevention of postural disorders in
school children is of the multidisciplinary nature and
comprises strong cooperation between parents,
(physical education-PE) teachers in kindergartens,
and physicians, involving public entities, sport clubs
and health centers.

Not less significant is the postural status
evaluation methodology. Namely, although non-in-
vasive, subjective visual inspection associated with
invasive radiological examinations are, even today,
largely present protocols worldwide.

Last two decades are characterized by great
scientific step forward in non-invasive clinical exam-
ination, by the development of surface topography
computational techniques that enable clinical exam-
ination of the large number of individuals (2).

However, non-invasive clinical examination of
the large cohorts should be characterized not only by
rapid and simple procedures, but by high reliability
of diagnoses as well (3).

The key factor in forming and maintaining
good posture in children are the skeletal muscles.
Skeletal muscles represent an active part of the appa-
ratus for movement, and their weakness, as well as
their excessive and unilateral load, lead to a variety
of disorders of the spinal column, upper and lower
extremities (4).

Due to muscular imbalance, individual body
segments take specific positions leading to the
occurrence of the postural disorders in children (5).

The aim of the research is to contribute to a
better understanding of the correlation between pos-
tural disorders and muscle power in primary school
children.

METHODS
The sample of the respondents

The sample of the respondents consisted of
1,120 children (549 boys and 571 girls), free of any
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kind of congenital or acquired disorders, aged 7 to
12, from the territory of the municipality of
KnjaZevac, Serbia. Assessment was carried out
during the school year 2016/17. Parental permission
was obtained prior to testing.

Measurement methodologies

Non-invasive measurement methodology, in-
cluding modern computerized measuring instru-
ments with associated softwares, was in use: ,Spinal
(Idiag, Fehraltdorf,
www.idiag.ch) in the assessment of the spinal
column status in three planes (6). It supplies reliable
data to support a clinical evaluation (7, 8);

Mouse” Switzerland,

podoscope ,Pedic” (Hungary) in the assessment of
the feet status; hand-held dynamometer , Lafayette”
(USA) in the assessment of the muscle power status
of the upper extremities and tensiometric force
(USA) in the
assessment of the muscle power status of the lower

platform ,Vernier Force Plate”
extremities.
Classification of spinal disorders

According to the Pediatric Orthopaedic Soci-
ety of North America and US Preventive Services
Task Force, scoliosis is defined as a complex 3D
deformity of the spinal column. It is characterized
by: 1) Cobb angle greater than 10 degrees as seen in
the frontal plane; 2) decreased thoracic kyphosis in
the sagittal plane; 3) posterior rib prominence caused
by rotation of the vertebrae in the horizontal plane
(9, 10). Hyperkyphosis is characterized by Cobb
angle greater than 40 degrees as seen in the sagittal
plane (9). Using the Cobb's method and by measure-
ment of the region between the superior endplate of
the L1 to the superior endplate of the 51, it was
determined that an optimal lordosis angle ranged
from 30 degrees up to even 80 degrees (11).

Hence, Cobb angle obtained via radiologic
measurement and calculated based on the inclination
of the vertebral body represents the gold standard in
measuring spinal disorders. On the other hand, the
values of kyphotic, lordotic and scoliotic curvature
obtained via ,Spinal Mouse” instrument represent
the pandam of the Cobb angle, but cannot be fully
identified with it. Namely, in the actual case of
surface topografy, the value of an angle is calculated
based on the position of the posterior elements of the
vertebrae.
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Considering research methodology (non-inva-
sive surface topography), and sample of respondents
(children), the following reference values were ap-
plied in relation to spinal disorders of children aged
7 to 12 from the municipality of Knjazevac (12):

Hyperkyphosis of the first degree (from 45 de-
grees to 55 degrees) and of the second degree (from
55 degrees to 65 degrees).

Hyperlordosis of the first degree (from 35 de-
grees to 45 degrees) and of the second degree (from
45 degrees to 55 degrees).

Scoliosis of the first degree (from 5 degrees to
15 degrees) and of the second degree (from 15 de-
grees to 25 degrees).

Procedures

Spinal column and feet status are measured in
static conditions, with children being in the upright
standing position. Muscle power status was mea-
sured with children being: 1) in the upright standing
position while the clinician was applying force to the
dominant upper extremity of a child, trying to over-
come or “break” the child’s resistance (static condi-
tion); 2) and with children performing Counter
Movement Jump without arms' swing-CMJ (dynam-
ic condition) (13). Children made three attempts
within each of the muscle power status tests, and the
best one counted. Children were barefoot and in un-
derwear during the assessment.

The sample of the variables

Morphological status:

Body mass (BM in kg) and body height (BH in m).

Spinal column status:

Hyperkyphosis (KYP in deg); hyperlordosis
(LOR in deg); and scoliosis (SCO in deg).

Feet status:

Right foot (RF in degree of the disorder from 2
to 4) and left foot (LF in degree of the disorder from
2 to 4).

Muscle power status:

a) In static conditions: absolute power of the
biceps brachii muscle (APBB in kg); relative power
of the biceps brachii muscle (RPBB in %); absolute
power of the quadriceps femoris muscle (APQF in
kg); and relative power of the quadriceps femoris
muscle (RPQF in %).

b) in dynamic conditions: maximum muscle
power in the concentric phase of the CM]J (Fmax in

N); index of the explosive muscle power of the CM]J
(IEP in N/ms); and reactivity coefficient of the CM]J
[(RC in N/(ms*kg)].

Data processing

Data are processed by the means of the de-
scriptive statistics and correlation analysis, using
SPSS software version 24. To examine the influence
of the muscle power on the spinal column and feet
status, the Spearman correlation coefficient was used
since the distribution of the values in most of the ob-
served measurements significantly deviated from
the normal distribution (confirmed by the Kolmo-
gorov Smirnov test).

RESULTS

The results of the descriptive statistics shown
in Tables 1 and 2 and Graph 1 indicate that the youn-
ger school age children from the territory of the mu-
nicipality of Knjazevac most frequently suffer from
postural disorders related to flat feet and scoliosis,
followed by hyperlordosis, and finally, hyperkypho-
sis.

Correllation analysis

Based on the Spearman correlation coefficient,
the following results were obtained:

Positive correlations

1) KYP with APBB (Rs .193*, sig .000); with
APQF (Rs .158*, sig .000); with Fmax (Rs .157**, sig
.000); with IEP (Rs 103**, sig .001);

2) LOR with APQF (Rs .129*, sig .000); with
APBB (Rs .110**, sig .000);

3) LF with APQF (Rs .063%, sig .037);

4) RF with APQF (Rs .076%, sig .011).

Negative correlations

1) KYP with RPQF (Rs -.097**, sig .001); and
with RPBB (Rs -.072%, sig .017);

2) LF with RPBB (Rs -.144*, sig .000); with
RPQF (Rs -.064%, sig .034); and with RC (Rs -.060%, sig
.047);

3) RF with RPBB (Rs -.153**; sig .000); with
RPQF (Rs -.080*, sig .008); and with RC (Rs -.072%,
sig .018).

The results of the correlation analysis shown
above indicate:

1) a significant positive correlation between:
a) sagittal postural status (KYP and LOR) and mus-
cle power status in static conditions (APBB and
APQF); b) sagittal postural status (KYP) and muscle
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Table 1. Descriptive statistics of the total sample (N =1,120)

N Minimum | Maximum | Mean SD
BM (in kg) 1120 16.40 106.70 36.40 | 11.99
BH (in m) 1120 1.07 1.76 1.40 0.15
KYP (in deg) 1120 -27.00 70.00 32.76 | 10.63
LOR (in deg) 1120 25.00 81.00 34.13 | 11.66
SCO (in deg) 1120 5.00 25.00 6.43 3.06
APBB (in kg) 1120 5.10 23.60 11.06 3.19
RPBB (in %) 1120 0.11 0.53 0.31 0.06
APQF (in kg) 1120 4.30 31.00 13.38 3.97
RPQF (in %) 1120 0.08 0.65 0.38 0.08
Tmax (in ms) 1120 70.00 635.00 27211 | 87.29
Fmax (in N) 1120 13.10 1766.00 | 422.32 | 184.14
IEP (in N/ms) 1120 0.08 13.08 1.78 1.17
RC (in N/(ms*kg)) | 1120 0.01 0.26 0.05 0.03

Table 2. Incidence of the spinal and feet disorders of the total sample (N = 1120) in
frequencies and in percent

Number of %
respondents

Male 549 48.9

Gender | Female 571 51.1
Total 1120 100.0

No 861 76.9

KYP Yes 259 23.1
Total 1120 100.0

No 603 53.8

LOR Yes 517 46.2
Total 1120 100.0

No 181 16.2

SCO Yes 939 83.8
Total 1120 100.0

No 177 15.8

2 618 55.2

RF 3 272 24.3

4 53 4.7
Total 1120 100.0

No 217 19.3

2 590 52.7

LF 3 253 22.6

4 60 5.4
Total 1120 100.0
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Graph 1. Incidence of the spinal and feet disorders of the total sample (N = 1,120) in percent

power status in dynamic conditions (Fmax and IEP);
c) feet status (LF and RF) and muscle power status in
static conditions (APQF);

2) a significant negative correlation between -
a) sagittal postural status (KYP) and muscle power
status in static conditions (RPQF and RPBB; b) feet
status (LF and RF) and muscle power status in static
conditions (RPBB and RPQF); ¢) feet status (LF and
RF) and muscle power status in dynamic conditions
(RQO).

DISCUSSION

Actual research is characterized by a high de-
termined incidence of postural disorders and rela-
tively poor muscle power status in primary school
children.

High incidence of spinal disorders determined
in our research, with 83.8% of children having sco-
liosis, is comparable with data of Lazi¢ et al. (14)
who determined somewhat lower, but still high in-
cidence of scoliosis (67%) among children and ad-
olescents (N = 100) in Belgrade (14). We determined
23.1% of children with hyperkyphosis and 46.2%
with hyperlordosis, versus 27% and 6% (respec-
tively) determined in research of Lazic¢ et al. (14).

Dragi¢ et al. (15), determined an incidence of
83.9% of children with some kind of postural dis-
order in the sagittal plane. The sample consisted of
435 young school age children at the territory of
Vrsac.

Kolarova et al. (16) determined large percent-
ages of the existing postural disorders: 70% of
children was diagnosed with fallen arch of the foot,
more than 30% of children with cervical hyper-
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lordosis, thoracal hyperkyphosis and lumbar hyper-
lordosis, and 13% of children with scoliosis.

Adolescent idiopathic scoliosis is character-
ized by disproportion in the level of muscular force
and bone length. Deterioration and progression can
reach 10 degrees at the annual level, accompanied by
stormy hormonal changes (17).

Previous clinical examinations proved the
existence of the degenerative changes in dorsal mus-
cle fibers on each side of the spinal column caused
by scoliosis, characterized by distinct fatty tissue
overgrowth of the transverse-spinous muscles on the
concave side of the curvature in the apex area of the
primary scoliosis. Posture type, scoliosis degree and
location significantly influence the effectiveness of
the motion performance, but do not influence to a
great extent changes in the trunk flexors' and ex-
tensors' power (18).

High incidence of feet disorders determined in
our research, with 82.4 % (mean value of the sum of
80.7% and 84.2%) of children having flat feet of the
second, third or forth degree, is comparable with
data of Kolarova et al. (16), who found flat feet oc-
currence of 65%, determined on a sample of 311 pri-
mary school children from 16 Slovakian districts.

On the total sample of 2,083 Taiwanese
children aged between 7 and 12 years, 59% of
children were diagnosed with flat feet (19).

Flat feet are associated not only to knee and
hip injuries and low back pain (20), but to the lower
muscle activity and motor control (21), resulting
with distorted and inaccurate movement.

By understanding muscular
associated with functional decline, physicians can
prescribe specific corrective exercises and appropri-

imbalance
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ate physical activity, as both prevention and treat-
ment tool (22).

When appropriate physical activity is con-
cerned, relatively poor muscle power status ob-
served in our research emerged from low levels of
physical activity of children from the municipality of
Knjazevac.

Research conducted in Serbia over the past
decades revealed, despite great methodological limi-
tations, a linear decrement in motor capacities of
children (23).

By analyzing the level of static power and the
morphological development of children with lor-
dotic and kyphotic postural disorders and flat feet,
Andrasi¢ et al. (24) found weaker muscles of the
abdominal wall, accompanied with the abdominal
protrusion in children with lordotic poor posture,
and underdeveloped back musculature in children
with kyphotic poor posture, compared to children
with flat feet (24). Despite different tests used in our
research, compared to "folding endurance" test per-
formed by Andrasi¢ et al. (24), the appearance of
children’s abdominal and back musculature is sim-
ilar: it is weak and underdeveloped.

It is assumed that the type of sport activity,
the time and volume of the engagement can influ-
ence the type of musculoskeletal response. Hence,
not every sports activity has proven to be appro-
priate and beneficial for children in relation to their
postural status (17), especially when unilateral sport
activities are concerned (25). Knowing the positive
effect of swimming on postural status, the munici-
pality of Knjazevac provided all children and
adolescents with determined postural disorders free
and guided use of the swimming pool, under the su-
pervision of a physicians and PE teachers, employees
of the Sports Association of the municipality of
Knjazevac. Programmed swimming activities are
performed during the whole year and are combined
with the above mentioned corrective programs.

All determined postural disorders in the co-
hort of children of the municipality of Knjazevac are
at the early functional stage, and are susceptible to
the simultaneous and combined action of internal
and external mechanical forces that are provided
through prolonged and programmed corrective ex-
ercise and swimming.
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Finally, delayed diagnosis and access to
specialised corrective system of exercise and appro-
priate physical activity at the youngest possible age
can be detrimental to long-term negative outcomes.
Postural disorders prevention should be considered
in line with resources, needs, and priorities (26).

CONCLUSION

Results revealed poor postural and muscle
power status in primary school children.

The determined correlations between the indi-
cators of postural and muscle power status point to
possible kinetic chain reaction causing the disruption
of the normal postural status.

Postural disorders are functional in nature and
are reducible by appropriate corrective exercises
programmes application and augmented level of
proper physical activity that is beneficial to relatively
poor muscle power status.

Those programmes and activities are being
guided and implemented by physicians and PE
teachers in the municipality of Knjazevac.

Research contribution reflected in the fact that
the obtained results contributed to better under-
standing of the correlation between postural disor-
ders and muscle power in primary school children.

Two main methodological shortcomings of the
research relate to deficiency of the measuring instru-
ments, i.e., the fact that the postural status investi-
gation was possible to conduct in static conditions
only, and the impossibility to determine the postural
and muscle power status simultaneously in different
regions of the body.
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Posturalni deformiteti i snaga misica dece
osnovnoskolskog uzrasta
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SAZETAK

Cilj istrazivanja je doprinos boljem razumevanju povezanosti posturalnih deformiteta i snage misica
dece osnovnoskolskog uzrasta. Uzorak ispitanika sacinjavalo je 1120 dece, uzrasta od 7 do 12 godina (549
decaka i 571 devojcica), ucenika osnovnih Skola sa teritorije opstine Knjazevac. U proceni posturalnog
statusa ki¢menog stuba, u frontalnoj i sagitalnoj ravni, koriséen je aparat ,Spinal Mouse” (Svajcarska), dok
je u analizi statusa stopala koriS¢en podoskop , Pedic” (Madarska). U analizi snage misic¢a koriSc¢eni su rucni
dinamometar ,Lafayette” (SAD) i tenziometrijska platforma sile ,Vernier Force Plate” (SAD). Status
ki¢menog stuba i stopala utvrdivan je u statickim uslovima, sa decom u uspravnom, stojetem polozaju.
Status snage miSica utvrdivan je u statickim (klinicar je primenjivao misi¢nu silu na dominantni gornji
ekstremitet deteta, pokusavajuci da savlada ili ,slomi” detetov otpor misica) i dinamickim uslovima (skok sa
pocucnjem). U obradi podataka koriscene su deskriptivna statistika i korelaciona analiza, upotrebom
softvera SPSS, verzija 24. Rezultatima su utvrdeni lo$ posturalni i miSi¢ni status i korelacije koje ukazuju na
mogu¢ kineticki lanac reakcija, koji uzrokuje poremecaj normalnog posturalnog statusa dece
osnovnoskolskog uzrasta. Utvrdene posturalne poremecaje karakteriSe rani funkcionalni stadijum, koji
moze da se redukuje primenom odgovarajuceg programa korektivnog vezbanja i povecanog nivoa
odgovarajuce fizicke aktivnosti. Takve programe i aktivnosti sprovode lekari i nastavnici fizickog vaspitanja
u opstini Knjazevac.

Kljucne reci: posturalni status, misicno-skeletni poremecaji, korektivne vezbe, deca osnovnoskolskog uzrasta
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