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BACKGROUND: Despite more than 60 years of screening for adolescent idiopathic scoliosis, it is still a controversial issue
in the scientific literature. There are both opponents and supporters of the intervention, represented by government agencies,
medical organizations, and individual researchers. Several countries have rejected national scoliosis screening, although
some medical associations in these countries believe that screening based on the “Medical Home” model is feasible. By con-
trast, school-based scoliosis screening has been implemented nationally in a few countries. Given the lack of consensus on
this issue, it is useful to systematize conflicting views on screening for adolescent idiopathic scoliosis.

AIM: This study aimed to review publications presenting information on the status of screening for juvenile idiopathic
scoliosis to identify unresolved organizational issues.

MATERIALS AND METHODS: Data were searched in the open electronic scientific literature databases (eLIBRARY, PubMed,
and Cochrane Library) using the following keywords and phrases: scoliosis screening; screening for adolescent idiopathic
scoliosis (AIS); school screening for scoliosis; school scoliosis screening program. The depth of the search was 30 years.

RESULTS: Arguments “for” focus on the need for the early detection of AIS through screening in terms of the effectiveness
of timely treatment, proven efficacy of conservative treatment of scoliosis, and reduction of surgical interventions among
screened adolescents. The arguments “against” are related to the lack of a unified methodology for screening, high rate of
false-positive and false-negative results, unproven effectiveness of screening in reducing the frequency of surgical interven-
tions, economic efficiency, and psychological effect on adolescents and violation of their rights during the event.

CONCLUSIONS: Several organizational issues should be addressed with regard to screening. These include the training of
staff who conducts the screening and development of a referral and follow-up system. The screening scheme and methods
should be unified through the introduction of noninvasive screening methods to standardize the results and their subsequent
uniform interpretation. The referral process for further examination should be standardized according to a defined protocol.
The development of a special computer program to assist medical decision-making is relevant.
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HayuHbI 0630p

CKPUHUHIr Ha IOHOLIECKUWA UAMONATUYECKUMA CKONTUO3
(0630p nuTepatypsbl)

[‘A. JlewH

HaumoHanbHbI MeaMUMHCKWIA UCCef0BaTeNbCKUI LEHTP AETCKOi TpaBMaTonoruv u optonenuy uMenm LU, TypHepa, CankT-leTepbypr, Poccus;
lpoTe3Ho-opToneanyeckuit LeHTp «CKonmonomxuK.py», CaHkT-letepbypr, Poccus

06ocHoeaHue. HecMoTps Ha bonee YeM LUECTUAECATUNETHUA NEPUOA CYLLECTBOBAHMSA CKPUHMHIA Ha IOHOLIECKUA MaMO-
NaTUYeCKMii CKONMO3, 3Ta TeEMA O CUX MOp BbI3bIBAET CMOPLI B Hay4HOM nutepatype. CyLLecTBYHT KaK MPOTUBHUKYM, TaK
M CTOPOHHMKW 3TOr0 MEpOMNpUsITUS B JULLe TOCYLAPCTBEHHBIX CTPYKTYp, BpayebHbIX opraHM3aumi U OTAeNbHbIX UCCnenoBa-
Tenen. Pap cTpaH oTKasanucb 0T HALUMOHANbHOTO CKPUHWHIA Ha CKONMO3, XOTA OTAeNbHble BpayebHble 00beauHeHUs B 3TUX
e CTPaHax CYMTalOT, YTO CKPUHUHT Mo Moaenu «MemuumHckuie goM» LenecoobpaseH. B npotuBoBec B LenoM psage CTpaH
B HaLMOHabHbIX MacLUTabax NPOBOAUTCS LUKOMbHbIA CKPUHUHT Ha CKONMO3. B cBA3M C 0TCYTCTBMEM €AMHOIO B3MMNSAA Ha faH-
Hyto NpobneMy NpeacTaBnseTCA LenecoobpasHbiM CUCTEMATU3UPOBATb Pa3HOPEUMBbLIE MHEHUS MO CKPUHUHTY Ha HOHOLLECKMI
MOMONATUYECKUIA CKONMO3.

Llesme — npoaHanusupoBaTth Ny6AMKaLMK, NOCBALLEHHbIE CKPUHUHTY Ha IOHOLIECKUIA WAMONATUYECKUI CKOMMO3, Af1s onpe-
AENEHNS Kpyra HepeLeHHbIX OpraH13aLMOHHbIX BOMPOCOB.

Mamepuanel u Memodbl. OcyLiecTBeH NOMCK JaHHbIX B OTKPbITBIX ANEKTPOHHbIX 6a3ax HayuHol nuTtepatypbl eLIBRARY,
PubMed u Cochrane Library no KntoueBbIM CNOBaM M CIOBOCOYETAHMAM: CKPUHUHT CKOMIMO3a, CKPUHUHT HA HOHOLLECKMWIA MaMo-
NaTUYECKMIA CKONIMO3, LLIKOMbHBIA CKPUHUHT Ha CKOMMO3, NMPOrpamMMma LUKOMbHOTe CKPUHUHIA Ha ckonuo3 [scoliosis screening;
screening for adolescent idiopathic scoliosis (AIS); school screening for scoliosis; school scoliosis screening program]. lny-
buHa noucka coctasuna 30 ner.

Pe3synemamel. ApryMeHTbl «3a» 0CHOBaHbl Ha HE0BXOAMMOCTU PaHHErO BbISIBEHUS OHOLIECKOMO MAMOMNATUYECKOTO CKO-
/1033 C YY4eTOM YCMELUHOCTW CBOEBPEMEHHOIO JIEYEHUS, [OKA3aHHOM 3(DMEKTUBHOCTU KOHCEPBATUBHOMO JIEYEHUS CKOUO-
33 M YMEeHbLUEHWS KONUYECTBA XMPYPrYecKUX BMELLATENbCTB CPeay BbISIBNEHHBIX MPU CKPUHUHIE MOAPOCTKOB. APryMeHTb
«NPOTMB» CBA3aHbl C OTCYTCTBUEM ELMHON METOAMKU NPOBEAEHWS CKPUHWUHIA, CO 3HAYUTESIbHOM AO0NEl NIOXHOMONOKMTENb-
HbIX W JIOXHOOTPULIATENbHBIX Pe3YNbTaToB, HEJOKA3aHHOCTbH IQPEKTUBHOCTM CKPUHUHIA C TOUKM 3PEHWS CHUMKEHMS 4acToThl
XMPYPruyecKux BMeLLaTebCTB, 3KOHOMUYECKOM LienecoobpasHoCTK, a TakKe C MCUXONIOrMYeCKMM BO3LENCTBUEM Ha MOAPOCT-
Ka M HapyLUeHWEeM ero npas Nnpu NpOBELEHUU MepONpUATHS.

3aknioyenue. CnefyeT pelunTb LEbIA pAS, OpraHM3aLmMoHHbIX BonpocoB. K HAM 0THOCATCA NoAroToBKa KagpoB Ans ocy-
LLECTBNIEHUA CKPUHMHIA, pa3paboTKa cUCTeMbI HanpaBneHus Ha obcnenoBaHue M nocneaytollee HabmoaeHue. Cxema U Me-
TOAbl NPOBEAEHNS CKPUHMHIA HeobxoamMMo yHUUUMPOBATbL NOCPEACTBOM BHELPEHWUS| HEMHBA3MBHLIX METOA0B 06cnenoBa-
HWS C LieNblo CTaHAAPTU3aLMKU NOMTy4aeMblX pe3ynbTaToB W UX nocneayloLlei equHon nHtepnpetaumy. MNpouecc HanpaeneHus
Ha JanbHenwee obcnefoBaHNe TakKe JOMKeEH ObITb CTaHAAPTM3MPOBaH B COOTBETCTBUM C ONPeAEeNeHHbIM MPOTOKONOM. AKTY-
anbHa pa3paboTka crneumanbHO KOMMbIOTEPHO NporpaMMbl AN NOMOLLM B NPUHATUN BPAYebHbIX peLLeHui.

KnioueBble cnoBa: cKonmos; CKPUHUHI; NporpaMMma; LUKOJTbHBIN CKPUHUHL, IOHOLLECKMI MOMOMNATUYECKNIA CKOMMO3.
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BACKGROUND

The prevention of the severe forms of adolescent
idiopathic scoliosis (AIS), subject to surgical correction, is
an important task of doctors involved in the treatment of
spinal deformities. Early detection of scoliosis is relevant
because if untreated, the disease progresses in the long
term, and in some cases, surgery is ultimately required and
disability occurs.

The development of screening for AIS was attributed
to G.D. MacEwen, USA MD, who introduced this program
to all Delaware schools in the 1960s [1]. A larger-scale
scoliosis screening was started in 1963 in Aitken, a city with
approximately 10,000 populations in Central Minnesota [2].
Since 1984, the American Academy of Orthopedic
Surgeons (AAQS) and the Scoliosis Research Society (SRS)
have approved the concept of schoolchildren screening for
the early detection of scoliosis [3].

Although the history of AIS screening goes back
>60 years, the controversy around it has not subsided until
the present day. Even in the USA, the ancestor of scoliosis
screening, there are different opinions on this matter. Thus,
in 2004, the United States Preventive Services Task Force
opposed periodic screening of adolescents without obvious
symptoms of AIS, citing its low predictive value, the relatively
small proportion of children with disease progression, and
the probability of unreasonable treatment, including wearing
a brace [4]. This position was also formulated in the latest
statement of 2018 [5, 6]. However, in 2007, the AAQS, SRS,
Pediatric Orthopedic Society of North America (POSNA),
and the American Academy of Pediatrics (AAP) issued
an information statement presenting the documented benefits
of early detection and the efficiency of conservative treatment
of AIS and therefore the feasibility of screening for AIS [7].
This position was also confirmed by SRS in 2013 [8] and by
AAP in 2017 and 2019 [91.

In this regard, taking into account the problem of screening
from the standpoint of various government agencies, medical
organizations, and authors, we consider it appropriate to
analyze publications related to screening for AlS.

The work aimed to analyze publications on screening
for AIS to determine the range of unresolved organizational
issues.

MATERIALS AND METHODS

Data were searched in the open electronic databases of
scientific literature, namely, eLIBRARY, PubMed, and Cochrane
Library, using the following keywords and phrases: scoliosis
screening, screening for AIS, school screening for scoliosis,
and school scoliosis screening program. The criteria for
inclusion in the study were as follows: randomized controlled
and controlled trials, systematic reviews, advisory, and
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informational and methodological materials from leading
scientific societies on scoliosis. In total, 61 articles in Russian
and English (full-text articles, documents, and abstracts of
articles) containing information on screening for AIS were
considered. Sources were mainly limited to those published
in 1990-2021. Materials published before 1990 were included
in the review if they contained underlying or historical data on
screening for AIS not covered in later publications.

RESULTS

Primarily, 387 articles were selected by keywords,
and a final list of 61 publications was identified according
to the inclusion criteria. These included 12 retrospective
controlled cohort studies, 10 prospective controlled
cohort studies, 5 cross-sectional studies, 4 consensus
studies, 2 case—control studies, 16 systematic reviews,
and 1 description of single clinical cases. The remaining
11 publications were advisory (5) and informational (4)
statements and methodological materials (2) on screening
for AIS. The materials were grouped to search for answers
to several questions:

«  Who recommends or does not recommend AIS screening?

What are the main arguments against or for screening?
+  What methods are used for screening? What are the

values of the parameters the diagnostic radiography

should be based on: the frequency of false-positive and
false-negative results?

+  What is the efficiency of screening in relation to the need
for surgical treatment?

« Is screening for scoliosis economically feasible?

DISCUSSION

Who recommends or does not recommend screening
for AIS? What are the main arguments against or for
screening? (Table 1)

This global problem [19, 20] concerns millions of
people [21-23], but it is solved differently in different
countries. In Bulgaria, Netherlands, Greece, India, Spain,
Italy, China, Malaysia, Turkey, Singapore, Sweden, and
Japan, screening examinations of schoolchildren for the early
detection of pathology are conducted within the legislative
framework on a national scale [24].

By contrast, the USA Preventive Service [5, 6], UK National
Screening Committee [10, 11], and National Health and
Medical Research Council of Australia [13] concluded that
screening for scoliosis should not be national. Austria,
Canada, France, Germany, Israel, Norway, Poland, and Spain
adhere to the same principle for scoliosis [16]. The principle
of non-national screening for scoliosis is also implemented in
Russia. Russian scientific literature presents information on
screening studies only on a regional scale [25-27].
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Table 1. Summarized data on the question “scoliosis screening: recommended or not recommended?”

Scoliosis screening is NOT RECOMMENDED or DISCONTINUED

(statement of the main argument)

United States Preventive Services Task Force
[5, 6]

United Kingdom of Great Britain, National
Screening Committee, 2016 [10, 11]

National Health and Medical Research Council,
Australia, 2002 [13]

If a service is offered, patients must understand the uncertainty concerning the
balance of benefits and harms

There is little qualitative evidence on the efficiency of treatments for scoliosis,
i.e., people with idiopathic scoliosis may receive unnecessary and ineffective
treatment [12]

Insufficient randomized clinical trials demonstrating the efficiency of screening
tests and conservative treatment

Canadian Task Force on Preventive Health
Care, 1994 [14]

Insufficient evidence to decide definitively for or against

Screening for scoliosis is RECOMMENDED
(formulation of the main argument)

American Academy of Pediatrics,
2017 and 2019 [9]

Society on Scoliosis Orthopedic and
Rehabilitation Treatment (SOSORT), 2016,
published in 2018 [15]

American Academy of Orthopedic Surgeons,
Scoliosis Research Society,

and Pediatric Orthopedic Society

of North America, 2015 [7, 8]

Scoliosis Research Society, 2013 [17]

examinations

Screening for scoliosis throughout adolescence at routine preventive

Based on the 2007 SOSORT consensus document on screening [16], school
programs are recommended

Recommended for family doctors at home, Medical Home model

Based on the consensus document and systematic review on screening by SRS,

2013 [18], school programs are recommended

In countries that do not have national requirements or
standards for such screening, it may be approved at the state
level and at the district, city, or individual school level [28].
Screening can be performed in the office of a pediatrician,
chiropractor, or other health care worker, often not in school
premises. A survey by Society on Scoliosis Orthopedic and
Rehabilitation Treatment (SOSORT) experts showed that
screening studies are most often performed by school nurses
(48.57%), physical therapists (28.57%), orthopedists (17.14%),
and physical education teachers (11.42%) and less often by
receptionist nurses, school doctors, and staff members of
health centers [16].

In this regard, the experience of the Spine Society of
Australia is interesting, which, with the support of the Royal
Australian College of General Practitioners, developed
the National Scoliosis Self-Detection Program. The website
http://www.scoliosis-australia.org presents a special non-
fiction booklet that can be read by adolescents aged 11-13
or their parents to suspect AIS and contact their family
doctor. Moreover, the website organizes training on screening
diagnostics of scoliosis for family doctors. A similar virtual
office for patients has been created on the website of
the British Scoliosis Society (http://www.britscoliosis.org.uk).

The authors who declare against screening, including
school screening, raise the issue of its unethical nature and
the vulnerability and fragility of adolescence [29, 30], more

generally about the need to observe the rights of children
when examining them [31]. In this aspect, the Medical
Home model [7, 8] recommended by the SRS is considered
the most preferred form of screening implemented by
family doctors. Screening tests should be acceptable to
the population, and treatments should be acceptable to
the patients [32-34].

The supporters of screening for scoliosis assert that
the early detection of scoliosis and timely prescription of
conservative treatment reduces the frequency of surgical
interventions and the severity of the scoliotic curve, which
is confirmed by systematic reviews and retrospective and
prospective clinical studies [2, 3, 16, 35, 36].

At what age children should be screened for scoliosis?
(Table 2)

Although a systematic review by J.A. Deurloo and
PH. Verkerk [12] showed that the optimal age and frequency
of screening for scoliosis is still unknown, Table 2 demon-
strates that most experts insist that girls should be screened
at age of 12 years and boys at age of 13 years.

What methods are used for screening? What are the values
of the parameters the diagnostic radiography should be based
on: frequency of false-positive and false-negative results?
(Table 3)

DOI: https://doi.org/ 10.17816/PTORS107136
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Table 2. Recommended age for scoliosis screening
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Society or author

Recommended age

American Academy of Orthopedic Surgeons,
Scoliosis Research Society, Pediatric Orthopedic
Society of North America, 2015 [7, 8]

American Academy of Pediatrics,
2017 and 2019 [9]

Society on Scoliosis Orthopedic and
Rehabilitation Treatment, 2007 [16]

J. Sabirin et al., 2010 [3]
T.B. Grivas et al., 2002 and 2006 [37, 38]

Girls aged 10 and 12 years.
Boys aged 13-14 years

During scheduled doctor visits at the ages of 10, 12, 14, and 16 years

Girls aged 12 years
Boys aged 13 years

Girls aged 12 years

Girls living in northern countries should be screened at an older age range than

girls living in the south

As shown in the table, inclinometry, which is
the measurement of the maximum angle of the body
rotation in an upright position and with a forward bend
(angle of trunk rotation [ATRI) is apparently the simplest,
fastest, most reliable, least expensive, and objective
method to determine the trunk deformity, which is widely
used in screening for AIS [3, 16, 17, 37, 40-47]. Moreover,
several authors consider an angle of 5° to be the threshold
value [41-43, 45-47]. In some works, an interval of
5°-7° is indicated [17 40, 43]. In the SOSORT consensus
study, which recommends conducting an examination
using a scoliometer in the sitting position, not an upright
position [16], and in the studies by J. Sabirin et al. [3],
T.B. Grivas et al. [37], and I.S. Komang Agung et al. [43],
an angle of 7° was adopted as a threshold value. Despite
the low specificity, the Adams forward bend test [47],
which was historically one of the first screening tests
[1, 2], is still mentioned by researchers [43-46]. Some
authors believe that with the increase in the number of
screening tests, their sensitivity and specificity increase,
and the proportion of false-positive and false-negative
results decreases [44, 47].

The main controversy occurs over false-positive and
false-negative screening results. These results are the ba-
sis of the main argument of the opponents of this event.
According to W.P. Bunnell [48], although a significant cor-
relation exists between clinical deformity and radiographic
measurements, the standard deviation is so wide that
predicting reliably the degree of curvature from surface
topography in any patient is not possible. To rule out false-
positive results, the author recommends repeated screen-
ing at school within 6—12 months instead of a referral for
an X-ray examination.

The SOSORT report also noted that under typical
screening conditions, 1-5 false-positive results are
recorded for every detected curve >10°. Similarly, for
each detected curve >20°, 3-24 false-positive results are
obtained [16]. Canadian specialists M. Beausejour et al. [53]
reported that 206 (42%) of 489 patients with suspected

idiopathic scoliosis had no significant deformity (Cobb
angle <10°), and the authors rated them as inappropriate
referrals.

SOSORT believes that the school screening program
is aimed at identifying superficial torso deformity rather
than predicting which scoliotic curves will progress and
may further lead to the need for conservative or surgical
treatment [16].

According to the AAOS, SRS, POSNA, and AAP, diagnostic
X-ray imaging of the spine in children, aimed at diagnosing
scoliosis, should apply the “as low as reasonably achievable”
principle to reduce the radiation dose [49].

In addition to the above screening tests for scoliosis,
many devices and methods have been proposed, including
molecular genetic tests based on DNA microarrays [50, 51].
However, the time and costs required to conduct these studies
make them inappropriate for mass screening. As noted by
H.R. Weiss [52], we should seek to replace school screening
with costly gene screening methods. They are probably useful
in predicting curve progression.

What is the efficiency of screening in relation to the need
for surgical treatment?

Experts have different opinions regarding the efficiency
of screening in relation to the need for surgical treatment.
Among the studies that support screening, Torell et al. [54]
evaluated the effect of an early detection and treatment
program for idiopathic scoliosis in a population of 1.5 million
people over 10 years. During this period, scoliosis >20°
(measured by the Cobb method) was identified in
725 patients before they reached the age of 20 years.
Although the treatment principles have basically remained
the same, the proportion of patients requiring surgery has
decreased annually. Malaysian scientists J. Sabirin et al. [3]
also believed that the school screening program for scoliosis
contributed to a reduction in the need for surgery. Moreover,
the frequency of surgical intervention in patients detected by
screening can be significantly reduced only through high-
quality conservative treatment [55].
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However, there are other opinions as well. Thus, Dutch
doctors E.M. Bunge et al. [56] used the case—control principle
to determine the efficiency of screening in reducing the need
for surgical treatment. In operated patients identified during
screening, who were diagnosed at the age of 10.8 + 2.6 years,
the Cobb angle of the scoliotic curve was 54° + 8.2° before
surgery and 30° + 12.9° after surgery. The age of the remaining
operated patients was 13.4 + 1.7 years, and the Cobb angle
of the scoliotic curve was 57° + 11.7° before the surgery and
33° £ 10.2° after the surgery. Before the surgery, both groups
used orthoses on the trunk for 2.5 years. Thus, the authors did
not obtain convincing evidence to reduce the need for surgery
by screening for idiopathic scoliosis. H. Labelle et al. [8] and
J.A. Deurloo and PH. Verkerk [12] shared the same opinion.

Is screening for scoliosis economically feasible?

Hong Kong scientists had fully estimated the expenditures
for the scoliosis screening program in a large population-
based study [59]. Screening costs (in 2005, USD) per student
were $17.94, and expenditures for screening and diagnostic
tests were $20.02. In addition, the cost of brace treatment
until the age of 19 is $8,018, whereas surgery and follow-up
until the same age is at least $27538. These counts were
comparable to those of a previous study by B.P. Yawn and
R.A. Yawn [60]. However, it is not possible to conclude on
the cost-effectiveness of screening from these data.

From the perspective of a public health and an interna-
tional SRS panel, insufficient evidence supports a screening
program for AIS, as it is unclear whether screening is cost
effective [8]. Furthermore, the cost-effectiveness of the pre-
ventive program as a whole, not just a clinical examination of
the back and tests, should be assessed [12, 28].

H. Labelle et al. [8] noted that a direct comparison of total
screening costs is difficult because different researchers
defined program costs, program costs + diagnostics,
program costs + diagnostics + follow-up, and program
costs + diagnostics + follow-up + treatment. Moreover,
these costs must be analyzed based on performance
indicators, that is, a decrease in overall costs, for example,
due to the prevention of surgical intervention. The authors
emphasize that further examination of the cost-effectiveness
of screening programs by analyzing comparable conditions.
In this regard, standardized special computer programs
for making medical decisions [57], including smartphone
applications [58], can be used.
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On the contrary, J. Sabirin et al. [3] and S. Thilagarat-
nam [61] revealed evidence that a scoliosis screening pro-
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