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Objective. To analyze current literature data on the relationship between sports and physical activity and the development and course 

of spinal deformity in adolescents with idiopathic scoliosis.

Material and Methods. A narrative review of 20 publications selected from the PubMed, ScienceDirect, Google Scholar, and eLibrary da-

tabases without restrictions on language or publication year was performed. The analysis included studies related to the epidemiology 

of adolescent idiopathic scoliosis, the prevalence of spinal deformity among adolescents engaged in various sports, and the effects of physi-

cal activity on disease course, functional status, and quality of life of patients. Studies focusing on postoperative management and specific 

methods of scoliosis correction were excluded.

Results. The analysis did not reveal convincing evidence of a causal relationship between sports activities and the development of ado-

lescent idiopathic scoliosis. The increased incidence of idiopathic scoliosis observed in certain aesthetic sports is likely due to biological 

and anthropometric factors, as well as a selection effect, rather than the impact of sports activities. Most studies demonstrate no negative  

effect of physical activity on the spinal deformity progression. Regular sports activities are associated with improved physical performance, 

psycho-emotional state, and quality of life in adolescents with idiopathic scoliosis.

Conclusion. Current data demonstrate the safety of physical activity in adolescent idiopathic scoliosis. Routine restrictions on exercise 

lack sufficient evidence and may negatively impact patients’ overall well-being and quality of life.
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Adolescent idiopathic scoliosis (IS) is the 
most common structural spinal deformi-
ty in children and adolescents. The preva-
lence of adolescent IS in the general pop-
ulation fluctuates in the range of 1–3%, 
reaching 5.2% in large population studies 
[1]. With progressing deformities, a sig-
nificant predominance of girls is noted, 
which is confirmed by a gender ratio of 
7:1 at a deformity magnitude according 
to Cobb of more than 40° [1].

Physical activity is a key compo-
nent of the normal development of the 
musculoskeletal system of adolescents. 
According to the data of the World 
Health Organization, 81% of adolescents 
aged 11–17 years do not achieve the 
minimum recommended level of activ-
ity [2]. Physical inactivity is associated 
with deterioration of metabolic indi-
cators, a decrease in muscle strength, 

impairments of psycho-emotional state 
and a deterioration of the quality of life.

The impact of sports activity on the 
risk of developing adolescent IS remains 
a subject of discussion. Studies of indi-
vidual sports demonstrate both poten-
tially unfavorable and protective effects. 
Tanchev et al. [3] established a tenfold 
higher prevalence of scoliosis in girls 
engaged in rhythmic gymnastics (12.0 % 
vs. 1.1% in the population). Similar data 
are shown for professional ballerinas, 
among whom an increased prevalence 
of scoliosis associated with delayed men-
arche and a low body mass index was 
revealed [4]. However, the results of large 
epidemiological studies show a different 
picture. In a prospective study by Wata-
nabe et al. [5] (n = 2600) it was noted 
that the majority of sports are not associ-
ated with an increased risk of adolescent 

IS, and playing basketball and badminton, 
on the contrary, reduces the probability 
of the presence of scoliosis [5]. In turn, a 
systematic review by Mousavi et al. [6] 
showed a different prevalence of adoles-
cent IS among athletes in various direc-
tions, while the heterogeneity of risk fac-
tors and methodological approaches was 
emphasized.

Thus, the available data are character-
ized by significant variability due to dif-
ferences in age groups, training regimens, 
level of sports specialization, duration 
of activities and initial predisposition 
(hypermobility of joints and spine, low 
body mass index, delayed puberty).

The objective of the current review 
is to summarize the data of modern lit-
erature devoted to the epidemiology of 
adolescent IS and the impact of engag-
ing in various sports on the risk of its 
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occurrence, progression and functional 
outcomes.

Taking into account the deficit of 
cohort studies and the absence of data 
identity, we intentionally abandoned 
a systematic review in favor of a nar-
rative one.

Material and Methods

A narrative review of 20 domestic and 
foreign publications selected in the data-
bases PubMed, ScienceDirect, Google 
Scholar and eLibrary without language 
and time restrictions was conducted. The 
analysis included studies dedicated to the 
prevalence of IS in adolescents engaged 
in various sports, as well as evaluating 
the impact of physical activity on the 
functional state and quality of life of 
patients. In the analysis, the level of 
sports training (amateur/professional) 
was taken into account if there was 
data in the studies; in their absence, 
the level was regarded as unspecified. 
Works dedicated to the postoperative 
period and specific methods of scoliosis 
correction were excluded.

Results and Discussion

Prevalence and demographic features 
of adolescent idiopathic scoliosis
Adolescent IS is registered in approxi-
mately 0.5–5.0% of clinically healthy 
adolescents, while in the majority of 
population studies the frequency of 
curvatures of 10° and more accord-
ing to Cobb constitutes 2–3% [1, 6]. 
The prevalence of adolescent IS varies 
depending on age, the threshold value 
of the Cobb angle, screening methods 
and ethnic characteristics of the studied 
population [1].

The peak of IS manifestation falls on 
the period of rapid pubertal growth (girls 
aged 10–14, boys aged 12–16), which 
reflects the dependence of deformity 
progression on somatic growth rates 
[1]. At the same time, pronounced gen-
der dimorphism is revealed: the ratio of 
girls and boys in small curves is close to 
1:1, but in deformities greater than 30° 
it reaches 7–10:1 [1, 7]. In the majority 
of observational studies it is indicated 

that only a part of the identified scoliotic 
curves has a clinically significant progres-
sion potential. According to epidemio-
logical series, the proportion of patients 
reaching angles of 30 degrees and more 
according to Cobb and requiring active 
orthopedic or surgical treatment is less 
than 10–15% of all cases of IS [1]. This 
emphasizes the need for differentia-
tion between mild scoliotic deformities, 
including scoliotic posture, and true IS 
with a high risk of progression.

General physical activity 
of children and adolescents
According to the updated recom-

mendations of the World Health Orga-
nization, children and adolescents aged 
5–17 are recommended to have at least 
60 minutes of moderate or vigorous 
aerobic physical activity daily with the 
inclusion of muscle and bone-strength-
ening exercises at least three times a 
week [2].

A global analysis including data from 
more than 1.6 mln. schoolchildren from 
146 countries showed that about 81% 
of adolescents (85% of girls and 78% of 
boys) do not reach the recommended 
level of activity [8]. In many countries, 
there is no improvement in these indica-
tors over the last decade, which reflects a 
steady trend towards adolescent physical 
inactivity [8].

Insufficient physical activity is associ-
ated with deterioration of both somatic 
and mental health. A systematic review 
by Wu et al. [9] demonstrated a stable 
positive link between overall physi-
cal activity and indicators of quality of 
life, self-esteem and mental well-being 
of children and adolescents. A similar 
review by Rodriguez-Ayllon et al. [10] 
showed that a higher level of physical 
activity is associated with lesser severity 
of depression, anxiety, stress reactions 
and better psychological adaptation.

Thus, the overwhelming majority of 
adolescents, including potential patients 
with IS, live in conditions of a chronic 
deficit of general physical activity relative 
to international recommendations [2, 8]. 
This must be taken into account when 
interpreting data on the role of sports 
and physical activity in the occurrence 
and course of IS.

Physical activity in patients 
with adolescent idiopathic scoliosis
Studies assessing the level of physi-

cal activity in adolescents with IS dem-
onstrate mixed results and significant 
methodological heterogeneity. In a large 
Japanese case-control comparative study 
Watanabe et al. [5] showed that long-
term intensive practices of certain sports 
(primarily rhythmic gymnastics and bal-
let) were associated with increased odds 
of identifying IS, whereas playing bas-
ketball and badminton was accompa-
nied by a lower risk. At the same time, 
the authors emphasized the impossibil-
ity of uniquely identifying a causal link, 
considering the possible pre-selection of 
children with an already existing, not yet 
diagnosed deformity. 

In contrast to this data, Kenanidis 
et al. [11] in a cross-sectional study of 99 
adolescents with IS and a control group 
did not reveal a connection between 
systematic sports activities and the de-
velopment of IS, and also did not find 
an impact of continuing sports activity 
on the progression of an already formed 
deformity.

Meyer et al. [12] showed that adoles-
cents with IS more often engage in gym-
nastics compared to healthy peers, which 
may reflect both selective engagement 
into aesthetic sports and features of phy-
sique and motor skills in these patients. 
At the same time, the type and localiza-
tion of the scoliotic curve impact the 
structure of sports activity: for example, 
in thoracic curves, a restriction on engag-
ing in sports with pronounced axial load-
ing is more often noted.

Systematic reviews and summariz-
ing publications show that existing stu-
dies on the relationship between overall 
physical activity and IS are characterized 
by significant heterogeneity in design, 
selection criteria and activity assessment 
methods, which does not allow drawing 
a conclusion about physical activity as an 
independent risk factor or a method of 
prevention [6, 11].

In the majority of works, the level of 
overall activity in patients with IS was 
comparable or only slightly differed from 
population values, while the main differ-
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ence concerned specific sports – gym-
nastics, ballet, figure skating, etc. [5, 6].

A separate line of studies is related 
to the impact of physical activity on 
the functional state and quality of life 
of patients with IS. A number of works 
have shown that aerobic training (walk-
ing, running, cycle ergometry, swimming) 
improves exercise tolerance, lung func-
tion indicators and subjective well-being 
in adolescents with moderate IS [13, 14].

In a retrospective comparative study 
by Segreto et al. [7], engaging of adoles-
cents with IS in «non-contact» sports 
(athletics, swimming, cyclic types, danc-
ing, etc.) was not accompanied by an 
increase in the Cobb angle compared to 
inactive patients, but was associated with 
higher indicators of function, self-esteem 
and overall satisfaction according to the 
SRS-30 questionnaire, as well as a more 
favorable perception of the deformity 
by parents.

In aggregation, the presented data 
indicate the absence of a negative impact 
of overall physical activity and most 
sports on the course of IS and emphasize 
their potentially favorable role in main-
taining the functional state and quality of 
life of patients [8, 10, 11].

International recommendations 
on physical activity in adolescent 
idiopathic scoliosis
The consensus documents of the SOS-

ORT and their updated versions indicate 
that overall physical activity and sports 
are not contraindicated for patients with 
IS and should be encouraged in accor-
dance with the age recommendations 
of the World Health Organization [13, 
14]. Restrictions may apply only to cer-
tain types of activities with a high risk of 
injury or extreme axial loading and are 
determined individually.

Systematic reviews and population 
studies have not revealed convincing 
data that sports or a high level of phys-
ical activity accelerate the progression 
of IS; conversely, the majority of works 
demonstrate a neutral or favorable impact 
of physical activity on functional and psy-
cho-emotional outcomes [15–17]. In this 
regard, modern recommendations con-
sider maintaining physical activity as an 
important component of the comprehen-

sive management of patients with IS along 
with observation, orthotic treatment and 
therapeutic physical training [13].

Biomechanical and biological factors 
associated with sports, and their role 
in the development of adolescent 
idiopathic scoliosis
Some biomechanical and biological 

characteristics more frequently encoun-
tered in athletes of aesthetic and coordi-
nationally complex sports are considered 
as possible factors capable of explaining 
the observed association between sports 
and IS. Such factors include generalized 
joint hypermobility, which is more often 
identified in female rhythmic gymnastics 
and ballet athletes and can create bio-
mechanical prerequisites for increased 
spinal mobility during the growth period  
[3, 4]. Furthermore, adolescents systemat-
ically engaged in intensive training often 
note a low body mass index and delayed 
puberty, which are associated with a pro-
longation of the period of active spinal 
growth and increased susceptibility to 
mechanical impacts [4, 5].

The role of asymmetrical training 
loads is also discussed; however epidemi-
ological studies do not confirm a causal 
link between asymmetrical sports activity 
and the development of structural sco-
liotic deformities. In studies controlling 
for anthropometric and biological fac-
tors, asymmetrical sports were not asso-
ciated with an increased risk of IS, and in 
a number of cases demonstrated neutral 
or even protective effects [5, 16].

Thus, the listed factors most likely 
reflect the initial constitutional and bio-
logical features of adolescents, predispos-
ing them both to the choice of certain 
sports and to the detection of IS, rather 
than a direct impact of sports activity on 
the formation of spinal deformity.

Prevalence of adolescent idiopathic 
scoliosis in various sports
The question of a possible connec-

tion between certain sports and the de-
velopment of IS has been a subject of 
discussion for many years. Modern data 
indicate the absence of evidence that 
sports activity can be a direct cause of 
the formation of a structural scoliotic 
deformity. Historically, rhythmic gym-
nastics has attracted the most attention, 

since Tanchev et al. [3] revealed a higher 
frequency of IS among female gymnasts 
compared to the general adolescent pop-
ulation. However, the interpretation of 
these data is limited by the lack of infor-
mation about the condition of the spine 
prior to beginning activities, the pro-
nounced hypermobility and low body 
mass index in the athletes, as well as the 
peculiarity of anthropometric selection 
into this sport. Subsequent larger studies 
did not confirm the role of gymnastics 
as a factor in the formation of IS, and 
the systematic review by Mousavi et al. 
[6] emphasizes that the observed associa-
tion more likely reflects a combination of 
biological characteristics of the athletes 
themselves rather than the impact of the 
training process.

A similar situation is observed in clas-
sical ballet. Warren et al. [4] note some-
what higher prevalence of scoliosis 
among ballerinas, however, as in gym-
nastics, data on the presence of defor-
mity prior to admission to professional 
schools were absent, and the athletes 
themselves had a low body mass, delayed 
puberty and joint hypermobility. A large 
epidemiological study by Watanabe et 
al. [5], conducted among 2600 Japanese 
schoolgirls, revealed only a moderate 
association between engaging in ballet 
and the presence of IS without confir-
mation of causal links, which was also 
regarded as a possible result of biased 
selection, and not a consequence of the 
training load.

Of particular interest are sports tradi-
tionally considered symmetrical, primari-
ly swimming. In a number of publications 
of the past decade, a possible relation-
ship between swimming and posture dis-
orders was suggested, however, modern 
studies, including the works of Zaina et 
al. [16, 17], did not find an increase in the 
risk of IS in swimmers and synchronized 
swimming athletes. A clinical observation 
of monozygotic twins with IS engaged in 
synchronized swimming, presented by 
Potoupnis et al. [18], demonstrated a dif-
ferent severity of scoliosis in them, which 
focuses greater attention on the leading 
role of individual predisposition, rather 
than sports load as a direct risk factor for 
the formation of deformity.
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Regarding team sports, literature data 
demonstrate a predominantly neutral 
or even potentially protective impact. 
According to the data of Watanabe et al. 
[5], engaging in basketball and badmin-
ton was associated with a decrease in 
the probability of identifying IS. The 
authors emphasize that these sports 
are characterized by a high variability 
of motor actions, symmetrical involve-
ment of muscle groups and the absence 
of extreme statodynamic regimes, which 
biomechanically reduces the load on the 
growing spinal column of the adolescent.

Asymmetrical sports, such as tennis, 
badminton, fencing, in which the domi-
nance of one side and repetitive move-
ments of the same type could be consid-
ered as potentially unfavorable, require 
separate discussion. Accumulated data 
convincingly show that asymmetrical 
sports loads do not increase the risk of 
IS formation. Thus, in the studies men-
tioned above, tennis and badminton did 
not demonstrate an increase in the fre-
quency of scoliosis [5], the distribution of 
scoliotic curves among athletes of vari-
ous disciplines did not reveal statistically 
significant differences compared to the 
control group [16]. Kenanidis et al. [11] 
also did not find a connection between 
systematic sports activities and the pres-
ence of IS in adolescents.

A summary analysis of data on vari-
ous disciplines shows that moderate and 
even specialized sports activity in child-
hood is not the cause of IS formation, 
and the observed differences in the fre-
quency of scoliosis between individual 
groups of athletes are explained predom-
inantly by biological characteristics and 
selection mechanisms in specific sports. 
The majority of modern studies of a 
high methodological level demonstrate 
either a neutral or a potentially favorable 
impact of sports on the state of the spine, 
which confirms the safety of engaging 
children and adolescents with IS in vari-
ous forms of physical activity.

Sports, functional state 
and quality of life of adolescents 
with idiopathic scoliosis
The functional state and quality of 

life of patients with IS are key parame-
ters when assessing the impact of physi-

cal activity and sports activities. Modern 
data convincingly testify that the physical 
activity of adolescents with IS, includ-
ing regular sports, does not lead to an 
increase in the severity of the deformity, 
does not worsen clinical indicators and, 
conversely, can be accompanied by sig-
nificant improvements in both physical 
and psycho-emotional state.

One of the most informative studies 
in this direction is the work of Segreto 
et al. [7], which demonstrated that ado-
lescents with IS participating in sports 
activities are characterized by higher 
indicators of quality of life according 
to the SRS-30 questionnaire, including 
the scales of physical function, activity, 
self-esteem and satisfaction with appear-
ance, compared to inactive peers. A more 
favorable perception of the disease by 
parents was also noted, which empha-
sizes the socio-psychological effect of 
regular physical activity. An important 
observation was the absence of statisti-
cally significant differences in the dynam-
ics of the Cobb angle between the active 
and inactive groups, which confirms the 
safety of the participation of adolescents 
with IS in sports activities.

A number of studies devoted to the 
impact of aerobic loads and cyclic activ-
ity showed an improvement in function-
al characteristics in patients with IS. In 
the review by Wu et al. [9], a stable posi-
tive connection between overall physi-
cal activity and the level of mental well-
being, self-esteem and indicators of social 
adaptation of adolescents was demon-
strated. Similar conclusions are present-
ed by Rodriguez-Ayllon et al. [10], who 
emphasize the positive impact of regular 
physical loads on the reduction of the 
level of anxiety, depressive symptoms 
and improvement of the overall psycho-
logical state of adolescents. These works 
confirm that physical activity exerts not 
only a favorable somatic, but also a pro-
nounced therapeutic effect on the psy-
cho-emotional status of adolescents with 
chronic diseases, including IS.

A significant contribution to the 
understanding of the functional aspects 
of the condition of patients with adoles-
cent IS was made by the study of Diar-
bakerli et al. [19], which demonstrated 

a decrease in quality-of-life indicators 
in adolescents with IS compared to age 
norms, especially in the domains of self-
esteem and perception of appearance. 
These data emphasize the importance of 
preserving and stimulating physical activ-
ity as a way of improving self-perception, 
social integration and overall psycho-
emotional well-being of adolescents 
with spinal deformities. Moreover, Seg-
reto et al. [7] testify that physical activity 
helps to level out some of the negative 
psychosocial consequences of IS, without 
exerting a negative impact on the course 
of the disease.

A separate line of research concerns 
the impact of physical activity on respi-
ratory function in patients with IS. The 
classic work of Kesten et al. [20] demon-
strated that aerobic loads improve pul-
monary function indicators and exercise 
tolerance in adolescents with moderate 
scoliotic curves, which is an important 
aspect of their overall physical perfor-
mance and quality of life. The presence 
of mild or moderate scoliosis, thus, is not 
an obstacle to aerobic training and can 
be considered as a functionally signifi-
cant direction of correction of the ado-
lescents’ condition.

The totality of data shows that the 
participation of patients with IS in 
sports activities is not only safe, but also 
possesses a pronounced potential for 
improving functional state and quality 
of life. The absence of a negative impact 
of sports on the progression of defor-
mity is confirmed in studies of various 
designs, and the demonstrated positive 
changes in physical and psychological 
state allow considering physical activity 
as an important component of the com-
prehensive management of adolescents 
with IS [7, 9, 19].

Thus, modern literature data testify 
that regular physical activity and partic-
ipation in sports activities are safe for 
adolescents with IS and can exert a pro-
tective impact on the functional state, 
emotional well-being and quality of life 
of patients.

Modern contradictions 
and unresolved issues
Despite a significant number of pub-

lications devoted to the relationship 
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between physical activity and IS, the 
interpretation of available data remains 
difficult due to methodological limita-
tions. One of the key factors is the lack 
of prospective studies allowing for a clear 
differentiation between the initial biolog-
ical characteristics of adolescents and 
the possible impact of sports load. In 
many works, spinal deformity was reg-
istered already after the start of sports 
activities, which does not allow exclud-
ing an initial predisposition to the forma-
tion of IS.

A significant role is played by sys-
tematic selection bias. Aesthetic sports 
traditionally attract adolescents with 
certain anthropometric and biological 
characteristics, such as joint hypermo-
bility, low body mass index and delayed 
puberty [3, 4], which in themselves 
are associated with an increased risk 
of IS. In large epidemiological studies, 
adjusting for these factors significantly 
weakened or completely eliminated 
the identified associations between the 
type of sport and the presence of IS [5].

Additional contradictions are associ-
ated with the heterogeneity of methods 
for assessing physical activity and cri-
teria for diagnosing scoliosis, includ-
ing differences in threshold values of 
the Cobb angle, which leads to pro-
nounced statistical heterogeneity and 
complicates the formation of unified 
conclusions [6].

The presence of an association 
between individual sports and the fre-
quency of IS does not testify to a causal 
link. The absence of data on the state 
of the spine prior to the start of activ-
ities and the results of observations of 
monozygotic twins engaged in the same 
sport with varying severity of deformity 
emphasize the leading role of genetic 
and biological factors compared to the 
impact of sports load [18].

Despite ongoing assumptions about a 
possible negative impact of asymmetrical 
sports, modern epidemiological studies 
do not confirm their connection with 
the risk of IS formation [11, 16].

In aggregate, the indicated limitations 
testify to the lack of reliable data in favor 
of a causal link between sports activity 
and the formation of IS.

Conclusion

Analysis of modern data shows that 
sports activity is not a factor initiating 
the formation of IS. Despite historically 
ingrained notions about the potential-
ly unfavorable impact of sports, includ-
ing aesthetic and asymmetrical disci-
plines, available studies do not confirm 
a causal link between training load and 
the development of structural scoliotic 
deformities. The increased frequency of 
IS observed in certain sports is largely 
due to the biological characteristics of 

adolescents and the effect of systematic 
selection bias, rather than the impact of 
sports activity itself.

Large epidemiological studies dem-
onstrate the absence of an unfavor-
able impact of most sports on the risk 
of IS formation, and in a number of 
cases – a neutral or potentially pro-
tective impact, especially regarding 
team disciplines. Data on asymmetrical 
sports also do not confirm an increase 
in the risk of scoliotic deformity in ado-
lescents systematically engaged in physi-
cal activity.

Along with this, physical activity 
exerts a favorable impact on the func-
tional state and quality of life of ado-
lescents with IS, contributing to the 
improvement of physical performance, 
psycho-emotional well-being and per-
ception of the disease, without a negative 
impact on the magnitude of deformity.

Thus, rational physical activity is safe 
and clinically justified for adolescents 
both without scoliosis and in the pres-
ence of IS. Quitting sports amid IS has 
no evidence base, and recommendations 
on limiting physical activity should be 
formed individually, taking into account 
the clinical picture and features of a spe-
cific type of activity.

The obtained data can be used in the 
formation of clinical guidelines for the 
management of adolescents with IS and 
in counseling patients and their parents.
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