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Abstract 
Background: Structural spine changes are the frequent musculoskeletal disorders occurring in the human body in the 
form of scoliosis, hypo- or hyper-kyphosis, hypo- or hyper-lordosis, or a combination of the above.
Methods: In this retrospective, observational-comparative study, we included 240 third- and fifth-grade primary school 
pupils of both sexes and different daily life habits from four schools in the South and North of Montenegro. Data col-
lected included children’s posture examination conducted by a qualified professional. The testing procedure included 
standing position inspection, elasticity test application for the iliopsoas muscle, Adam’s test, and the curve rigidity test. 
To analyze the differences between individual groups for categorical and continuous variables, we used the chi-square 
test and Student’s t-test for independent samples, respectively.
Results: We did not observe a significantly higher prevalence of suspected scoliosis among male participants who did 
not engage in sports activities. The presence of suspected scoliosis in participants from the South is significantly higher 
than in their peers from the North of Montenegro. A significantly higher prevalence of suspected scoliosis was observed 
among female participants who did not engage in sports activities. Suspected spinal variations are significantly more fre-
quent among participants from the South of Montenegro (p <0.001, Cramer’s V= 0.319) and significantly more frequent 
in females with lower sports engagement (χ2 =3.941, p =0.042). This fact could be attributed to the slower development 
of the central nervous system and motor control in girls in combination with their engagement in less physical activity.
Conclusion: The findings of this study impose doubt that multifactorial etiology, including gender, child’s age, engage-
ment in sports activities, and the manner of conducting daily activities, is crucial for developing spinal deformities 
and may facilitate future studies and support preventive and therapeutic procedures in treating postural changes. HIP-
POKRATIA 2022, 26 (4):147-151.
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Introduction
The most common musculoskeletal disorder in chil-

dren is idiopathic scoliosis which provokes a three-di-
mensional spine deformity. Early detection is essential1. 
The school screening programs still play a vital role in 
enabling early diagnosis, as indicated by recent defini-
tive evidence regarding the efficacy of bracing treatment 
in delaying the scoliotic curves’ progression and thus 
preventing the need for surgery2. Scoliosis, although de-
fined as a lateral spine curve in the frontal plane, in fact, 
changes occur in all three dimensions. In addition to the 
frontal plane lateral spinal curvature, there is transverse 
plane vertebral rotation and sagittal plane changes3. In the 
literature, the percentage of idiopathic in all scoliosis var-
ies, ranging in the reports from 75 to 80 %4-6. Scoliosis of 
known cause can be congenital and acquired7. 

In general, according to the Society on Scoliosis Or-
thopedic and Rehabilitation Treatment (SOSORT), con-
servative scoliosis treatment is based on physical therapy 

application with kinesitherapy, intensive scoliosis reha-
bilitation, and treatment with brace8. It is important for 
the prognosis of scoliosis treatment to know, among other 
factors, at what growth age the spinal deformity was ini-
tially observed9. Properly selected and adequately ap-
plied sports games can have a significant preventive and 
curative effect, can affect the elimination of minor defor-
mities, and affect the recovery and restore impaired func-
tions, including positive psychological and social effects5. 
SOSORT guidelines regarding the correlation of children 
with scoliosis and playing sports report that sports are not 
to be prescribed for treating idiopathic scoliosis but that 
general sports activities are applied to achieve psycho-
logical, neuromuscular, and general health-related ben-
efits. Prevention should aim at minimizing the impact 
of risk factors that can cause deformities and applying 
methods to prevent their occurrence10. The results of a 
recently published study demonstrate the gender differ-
ences in muscular strength and joint flexibility, which 
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can cause differences in postural status during sitting be-
tween the genders11. However, additional studies’ results 
indicate that gender has the highest association with ado-
lescents’ posture. Therefore, further research is needed to 
clarify the association between physical activity and pos-
ture12; thus, this study aimed to determine the association 
of suspected scoliosis with age, gender, sports activities, 
and place of residence of the participants. Our working 
hypothesis was that spinal variations in participants who 
engage in sports activities are less frequent in boys and 
less frequent among participants from the North of Mon-
tenegro.

Material and Methods
We examined 488 schoolchildren from four schools 

in Montenegro, and their evaluation sheets were divided 
into two groups: Group I-participants from two schools 
from the North and Group II-participants from two 
schools from the South of Montenegro. In each group, the 
evaluation sheets were subdivided into subgroup I-third 
grade (eight years of age) and subgroup II-fifth grade (ten 
years of age). Each questionnaire was further classified 
into one of the following subgroups: subgroup A-boys 
and subgroup B-girls. Then, 15 boys and 15 girls from 
each subgroup were selected using a simple random se-
lection method for each participating school. Participants 
who are engaged in some sports activity (Football, Kara-
te, Basketball, Tennis, Folklore, Judo, Handball, Boxing) 
practiced usually two or three times per week.

Therefore, we included in this observational-com-
parative study randomly selected third- and fifth-grade 
primary school pupils of both sexes and different daily 
life habits from four schools in the South and North of 
Montenegro. The sample included 240 participants, 120 
each from the South and North of Montenegro. Partici-
pants from one primary school from each of the four cit-
ies were included in each region. The Ethical Commit-
tee of the Chamber of Physiotherapists (Member of the 
World Confederation for Physical Therapy) approved 
the study’s protocol (decision No 01-835) with informed 
consent required. All participants agreed to undergo (pro-
vided informed consent) the study evaluation and under-
went observation, measurement, and testing methods, 
and physiotherapists completed their evaluation sheets.

Evaluation and Testing
The examination included an evaluation of the chil-

dren’s posture by inspecting the subject’s standing po-
sition and the predilection test, noting changes posing 
suspicion of scoliosis. Information regarding gender and 
sports activities was recorded before initiating the sec-
tion. The Evaluation list was previously developed and 
adopted by 12 specialists in applied physiotherapy within 
the Chamber of Physiotherapists. 

The evaluator noted the position of the head, shoul-
ders, and lower angles of the scapula, Lorentz’s triangles, 
and the inclination of the pelvis. Body weight, height, 

and lower extremities’ length were also measured. The 
length of the lower extremities was measured in centi-
meters using tape, utilizing the umbilicus and medial 
malleolus as anthropometric reference points. The testing 
procedure included an elasticity test application for the 
iliopsoas muscle, conducted with the participants lying 
on their backs. One leg was extended as they pulled the 
bended knee of the other leg (with both hands) towards 
themselves, and the evaluator observed the position of 
the extended leg. Adam’s test was used to determine the 
suspicion of structural changes in the spine’s position 
from the standing position. 

The schoolchildren were questioned whether they 
had been engaged in any sports activities, which type, 
and how often they trained, and their answers were re-
corded.

Statistical analysis 
We conducted a statistical analysis using IBM SPSS 

Statistics for Windows, Version 21.0 (IBM Corp., Ar-
monk, NY, USA). We prepared tables and graphs to sum-
marize the cases and express variables as means with 
standard deviation (continuous) or number of cases, per-
centage, and range of values (categorical). All assump-
tions for using parametric tests were met, including the 
normality of data distribution. We used the chi-square 
and Student’s t-test for independent samples to analyze 
the differences between individual groups for categorical 
and continuous variables, respectively. We set the level of 
the tests’ statistical significance at p <0.05 or report the 
95 % confidence interval.  

The correlation analysis between variables with 
Pearson’s correlation coefficient for the frequency of 
suspected scoliosis depends on i) engagement in physi-
cal activities, ii) region of the country residing, and iii) 
schoolchildren’s age. 

To analyze the two variables’ relationship, we utilized 
the chi-square test, answering whether there is a depen-
dence between the two variables. 

When rejection of the set working hypothesis of in-
dependence between certain variables is confirmed (p 
<0.05), the degree of association level was further de-
termined based on the Cramer’s V coefficient analysis, 
which mainly refers to the frequency of suspected sco-
liosis and the region of the country in which respondents 
reside.

Results 
Of the 240 participants, 48.3 % were engaged in some 

sports activity regardless of the type of sport, frequency, 
and duration, while 51.7 % did not engage in sports activ-
ities, which was not statistically significant ( χ2 =0.552, 
p =0.458). The participants who engaged in sports activi-
ties were predominantly male (59 %) than female (41 %), 
but this was also not statistically significant (χ2 =3.448, p 
=0.063). Also, the percentage of participants engaged in 
sports activities did not differ between the third and fifth 
grades (50 % each). 
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There were statistically significantly fewer girls (40 
%) engaging in sports activities than those (60 %) who 
did not (χ2 =4.8, p =0.028), while males were engaged 
in sports activities in a higher percentage (57 %) than 
those who did not (43 %) but this was not significant (χ2 
=2.133, p =0.144). 

Results demonstrated a significantly higher preva-
lence of suspected scoliosis among girls who did not 
engage in sports activities than those who did sports (χ2 
=3.941, p =0.042). Suspected scoliosis was more preva-
lent in boys who did not engage in sports activities than 
those who did.

The prevalence of suspected scoliosis in boys did not 
differ between regions (50 % each), while the prevalence 
of suspected scoliosis in girls from the South was signifi-
cantly higher than in the North of Montenegro (63 % vs 
37 %, respectively; χ2 =4.021, p =0.032). 

Based on the t-test values, we could not reject the 
hypothesis of independence of suspected scoliosis defor-
mity and participants’ engagement in sports activities (p 
=0.147, Table 1). However, we can reject the hypothesis 
of independence of suspected scoliosis deformity and the 
region (South or North of Montenegro) participants re-
side (p >0.001, Table 2). In other words, there is a moder-
ate association between the frequency of suspected sco-
liosis and the region of Montenegro participants residing 
(Cramer’s V =0.319, Table 3).

Additionally, based on the t-test values, we could not 
reject the hypothesis of independence of suspected sco-
liosis deformity and participants’ gender (p =0.412, Table 
4), neither the hypothesis of the independence of sus-
pected scoliosis deformity and participants’ age (third- or 
fifth-grade) (p =0.355, Table 5).

Discussion
The prevalence of suspected structural spine defor-

mities in the developing skeleton of schoolchildren is 

becoming more frequent. Additional research is required 
to define the exact role of each factor involved in devel-
oping adolescent idiopathic scoliosis13. The normal spine 
is capable of withstanding a wide range of positions, in-
cluding lateral curvatures, in response to various stimu-
lations. Such curves are short-lived and reversible and 
occur many times during the day14. Ulić demonstrated a 
high frequency of spine disorders in the school popula-
tion of Vojvodina, ranging from 45 to 60 %15. The results 
of our study show that the frequency of suspected spinal 
deformities is higher in female than male participants, 
corresponding to similar results found in recently pub-
lished studies12,16,17. The prevalence of suspected scoliosis 
is higher in boys aged 11 to 13 who, in addition to regular 
physical education classes, do not engage in additional 
sports activities compared to their peers who engage in 
particular sports activities18, and our results correspond 
to those usually presented results. However, further re-
search is needed regarding the association between phys-
ical activity and body posture12. A study that included 330 
school pupils of the third, fifth, and seventh grades of 
the Elementary School “Sveti Sava” in Foča pointed out 
the absence of scoliosis within the third grade’s sample, 
while in the fifth grade’s sample, the prevalence of this 
deformity was 5.49 %19. 

Our study results show no significant differences in 
the prevalence of suspected scoliosis between genders. 
They indicated a greater presence of suspected spinal 
deformities in females and those less engaged in sports 
activities, corresponding to the available research results 
on this topic20,21. The findings of this study impose doubt 
that multifactorial etiology, including gender, child’s age, 
engagement in sports activities, and the manner of con-
ducting daily activities, is crucial for developing spinal 
deformities and may facilitate future studies and support 
preventive and therapeutic procedures in treating pos-
tural changes. Nevertheless, interpreting these results, 

Table 2: Comparison of the prevalence of suspected scoliosis deformity depending on the region (South or North of Montene-
gro) of participants’ residence.

Influence of regional factors on the prevalence 
of suspected scoliosis

Levene’s Test for Equality 
of Variances t-test for Equality of Means

F Sig t df Sig (2-tailed)

Suspected 
Scoliosis

Equal variances assumed 99.228 0 -4.662 238 <0.001

Equal variances not assumed -4.463 159.107 <0.001
F: F statistic, Sig: significance level, t: t-test, df: degrees of freedom.

Table 1: Comparison of the prevalence of suspected scoliosis deformity depending on whether the participants engage in sports

Influence of sports activities on the prevalence of 
suspected scoliosis

Levene’s Test for 
Equality of Variances

t-test for Equality of Means

F Sig t df Sig (2-tailed)

Suspected 
Scoliosis

Equal variances assumed 7.913 0.005 1.446 238 0.15

Equal variances not assumed 1.455 234.828 0.147
F: F statistic, Sig: significance level, t: t-test, df: degrees of freedom.
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one should consider as a limitation the evaluators’ large 
number (introducing possible observation bias) and the 
lack of analysis of the spinal variations representation 
among the individual sports and the frequency of their 
application. After all, more studies are needed examining 
the potential multifactorial causes for developing spinal 
deformities, which was one of the motivations for con-

ducting current research.

Conclusion 
The presented results show no significant differences 

in the frequency of suspected scoliosis between genders, 
the general prevalence of sports, and the participants’ age. 
In the boys, no difference was observed between the sub-

Table 5: Comparison of the prevalence of suspected scoliosis deformity depending on the participants’ school grade (corre-
sponding to age).

Influence of school grade (age) on the prevalence 
of suspected scoliosis

Levene’s Test for 
Equality of Variances

t-test for Equality of Means

F Sig t df Sig (2-tailed)

Suspected 
Scoliosis

Equal variances assumed 3.564 0.06 -0.93 238 0.355

Equal variances not assumed -0.93 232.2 0.355
F: F statistic, Sig: significance level, t: t-test, df: degrees of freedom.

Table 3: The dependence of the frequency of suspected scoliosis deformity and the region (South or North of Montenegro) of 
participants’ residence.

Region TotalSouth North

Suspected scoliosis

Left
Count 23 6 29

Expected Count 13.4 15.6 29.0
% within REGION 20.7% 4.7% 12.1%

Right
Count 7 0 7

Expected Count 3.2 3.8 7.0
% within REGION 6.3% 0.0% 2.9%

Physiological
Count 81 123 204

Expected Count 94.4 109.7 204.0
% within REGION 73.0% 95.3% 85.0%

Total
Count 111 129 240

Expected Count 111.0 129.0 240.0
% within REGION 100.0% 100.0% 100.0%

Chi-Square Tests

Value df* Asymp.Sig 
(2-sided)

Pearson Chi-Square 24.400a 2 0.00

Symmetric Measures

Value Approx.Sig

Nominal by Nominal
Phi**** 0.319 0.000

Cramer’s V 0.319 0.000

N of Valid Cases 240
df: degrees of freedom, Asymp.Sig: asymptotic significance, Approx.Sig: approximate significance, Phi: Phi correlation coefficient.

Table 4: Comparison of the prevalence of suspected scoliosis deformity depending on the gender of the participants.

Influence of gender on the 
prevalence of suspected scoliosis

Levene’s Test for 
Equality of Variances t-test for Equality of Means

F Sig t df Sig (2-tailed)

Suspected 
Scoliosis

Equal variances assumed 2.342 0.127 0.822 238 0.412

Equal variances not assumed 0.822 236.747 0.412
F: F statistic, Sig: significance level, t: t-test, df: degrees of freedom.
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groups depending on engagement or not in sports activi-
ties. In contrast, a significant difference in the presence 
of suspected scoliosis was recorded between participants 
residing in the South compared to the North of Montene-
gro. Also, a significant and more pronounced suspicion 
of scoliosis was found in the female schoolchildren at-
tending primary schools in the South of Montenegro. 
Multifactoriality that affects the development of spinal 
deformities (including gender, child’s age, engagement 
in sports activities, and the way of performing daily ac-
tivities) should always be considered when investigating 
etiological factors regarding the origin and development 
of spinal deformities.

Conflict of interest
The author has no conflicts of interest to disclose.

References 
1. 	 Sudo H, Kokabu T, Abe Y, Iwata A, Yamada K, Ito YM, et al. 

Automated noninvasive detection of idiopathic scoliosis in 
children and adolescents: A principle validation study. Sci Rep. 
2018; 8: 17714

2. 	 Oetgen ME, Heyer JH, Kelly SM. Scoliosis Screening. J Am 
Acad Orthop Surg. 2021; 29: 370-379.

3. 	 Kumar A, Kumar S, Verma V. Role of postural correction brace 
along with corrective exercises in improvement of functions and 
quality of life in adolescent idiopathic scoliosis- randomised 
controlled trial. J Evid Based Med Healthc. 2016; 3: 4813-4818.

4. 	 Akbarnia BA, Thompson GH, Yazici M, El-Hawary R (eds). 
The Growing Spine: Management of Spinal Disorders in Young 
Children. 3rd Edition. Springer Nature Switzerland AG, Cham, 
Switzerland, 2022. 

5. 	 Evans RC. Illustrated Orthopedic Physical Assessment. 3rd Edi-
tion. Mosby Elsevier BV, Amsterdam, Netherlands, 2009.

6. 	 Dryden IL, Mardia KV. Statistical Shape Analysis, with Appli-
cations in R. 2nd Edition. John Wiley & Sons, New York, USA, 
2016.

7. 	 Fadzan M, Bettany-Saltikov J. Etiological Theories of Ado-
lescent Idiopathic Scoliosis: Past and Present. Open Orthop J. 
2017; 11: 1466-1489. 

8. 	 Weiss HR, Moramarco M. Scoliosis - treatment indications ac-

cording to current evidence. OA Musculoskeletal Medicine. 
2013; 1: 1.

9. 	 Avdic D. Scoliosis: the Basic Assumptions and Rules. Acta Med 
Sal. 2010; 39: S23-S26. 

10. Peng Y, Wang SR, Qiu GX, Zhang JG, Zhuang QY. Research 
progress on the etiology and pathogenesis of adolescent idio-
pathic scoliosis. Chin Med J (Engl). 2020; 133: 483-493.

11. Park K, Jeong H, Jung J, Hyun S, Baek S, Park J, et al. Sex 
differences in perceived discomfort during seated static posture 
holding. Ergonomics. 2022; 65: 1711-1721.

12. de Miranda APOC, Penha PJ, Pereira LG, Pessoa WC, João 
SMA. Posture of Adolescent and the Relationship with Body 
Mass Index, Sex, and Physical Activity. Child Obes. 2022. 18: 
342-349.

13. Kikanloo SR, Tarpada SP, Cho W. Etiology of Adolescent Idio-
pathic Scoliosis: A Literature Review. Asian Spine J. 2019; 13: 
519-526.

14. Jelačić M. Effects of the Schrot method-types of kinesitherapy 
treatment in the treatment of structural idiopathic scoliosis. The-
sis, Faculty of Medicine, University of Novi Sad, 2009, 4-14.

15. Jovović V. Body deformities of adolescents. Faculty of Philoso-
phy in Nikšić. 1999; 67.

16. Catanzariti JF, Rimetz A, Genevieve F, Renaud G, Mounet N. 
Idiopathic adolescent scoliosis and obesity: prevalence study. 
Eur Spine J. 2023; 32: 2196-2202.

17. Yılmaz H, Zateri C, Kusvuran Ozkan A, Kayalar G, Berk H. 
Prevalence of adolescent idiopathic scoliosis in Turkey: an epi-
demiological study. Spine J. 2020; 20: 947-955.

18. Grković I. Analysis of postural status and foot status of trained 
and untrained boys aged 11 to 13 years. Master’s Thesis, Faculty 
of Sports and Physical Education, University of Belgrade, 2016, 
8-10.

19. Gojković D, Milinković Z. Frequency deformity scoliosis and 
flat feet in pupils 3rd, 5th, 7th grade school. SportMont. 2013; 
11: 67-73. Available at: http://www.sportmont.ucg.ac.me/clanci/
SportMont_37-38-39_p67-73.pdf, date accessed: 20/12/2022.

20. Newman M, Hannink E, Barker KL. Associations Between 
Physical Activity and Adolescent Idiopathic Scoliosis: A Sys-
tematic Review and Meta-analysis. Arch Phys Med Rehabil. 
2023: S0003-9993(23)00095-3.

21. Negrini A, Poggio M, Donzelli S, Vanossi M, Cordani C, Roma-
no M, et al. Sport improved medium-term results in a prospec-
tive cohort of 785 adolescents with idiopathic scoliosis braced 
full time. SOSORT 2018 award winner. Eur Spine J. 2022; 31: 
2994-2999.


