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IMPORTANCE Adolescent idiopathic scoliosis (AlS), a spinal curvature of 10° or more, is the
most common form of scoliosis, with a prevalence of 1% to 3%. Curves progress in
approximately two-thirds of patients with AIS before skeletal maturity, and large curves
(>50°) may be associated with adverse health outcomes.

OBJECTIVE To systematically review evidence on benefits and harms of AlS screening for the
US Preventive Services Task Force (USPSTF).

DATA SOURCES Cochrane Central Register of Controlled Trials, MEDLINE, ERIC, PubMed,
CINAHL, and relevant systematic reviews were searched for studies published from January
1966 to October 20, 2016; studies included in a previous USPSTF report were also reviewed.
Surveillance was conducted through July 24, 2017.

STUDY SELECTION Fair- and good-quality studies that evaluated the accuracy of screening
children and adolescents aged 10 to 18 years for AlS, the benefits of AIS treatment, the harms
of AIS screening or treatment, or long-term health outcomes.

DATA EXTRACTION AND SYNTHESIS Two investigators independently reviewed abstracts and
full-text articles and extracted data into evidence tables. Results were qualitatively
summarized.

MAIN OUTCOMES AND MEASURES Health outcomes and spinal curvature in adolescence and
adulthood, accuracy of screening for AlS, any harm of AlS screening or treatment.

RESULTS Fourteen studies (N = 448 276) in 26 articles were included. Accuracy of AIS
screening was highest (93.8% sensitivity; 99.2% specificity) in a cohort study of a
clinic-based program using forward bend test, scoliometer, and Moiré topography screening
(n = 306 082); accuracy was lower in cohort studies of 6 programs using fewer modalities

(n =141161). Four controlled studies (n = 587) found evidence for benefit of bracing on curve
progression compared with controls. A randomized clinical trial and a nonrandomized trial of
exercise treatment (N = 184) found favorable reductions in Cobb angle of 0.67° to 4.9° in the
intervention group compared with increases of 1.38° to 2.8° in the control group. Two cohort
studies (n = 339) on long-term outcomes found that braced participants reported more
negative treatment experience and body appearance compared with surgically treated or
untreated participants. A study that combined a randomized clinical trial and cohort design
(n = 242) reported harms of bracing, which included skin problems on the trunk and nonback
body pains. There was no evidence on the effect of AlS screening on adult health outcomes.

CONCLUSIONS AND RELEVANCE Screening can detect AIS. Bracing and possibly exercise
treatment can interrupt or slow progression of curvature in adolescence. However, there is
little or no evidence on long-term outcomes for AlIS treated in adolescence, the association
between curvature at skeletal maturity and adult health outcomes, the harms of AIS
screening or treatment, or the effect of AIS screening on adult health outcomes.
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dolescent idiopathic scoliosis (AIS) is traditionally de-

fined as a lateral curvature of the spine of 10° or more in

persons aged 10 to 18 years that is not a result of an un-
derlying condition (a glossary of terms appears in the Box). It is the
most common form of scoliosis® " and occurs more commonly in
females.™' Estimates from screening studies dating from 1985 to
2011 suggest that the prevalence of AlS ranges from 0.5% t0 5.2%.512
Because two-thirds of patients with AIS experience curve progres-
sion during adolescence'* and progression into adulthood is more
likely in those with curves greater than 40° at the end of growth, > &
treatment is focused on slowing curve progression before skeletal
maturity. Patients with AIS who have mild curves do not appear to
have clinically important symptoms during adolescence, but large
curves may be associated with adverse long-term health outcomes
inlater adulthood, including anincreased risk for shortness of breath
with curves greater than 50°, diminished lung volumes with curves
greater than 70°, and more impaired pulmonary function with curves
greater than 100°."7

Screening may detect scoliosis earlier than it would be de-
tected clinically. Generally accepted management in the United
States includes observation for mild curves, brace treatment for
moderate curves, and surgery for curves that progress to 50° or
more (Box).® In some countries, exercise therapy is recommended
for mild curves.

In 2004, the US Preventive Services Task Force (USPSTF) rec-
ommended against routine screening of asymptomatic adoles-
cents for AIS (D recommendation).'® The purpose of this system-
atic review was to update the previous evidence review to help the
USPSTF update their recommendation.

Methods

Scope of Review

This review addressed 6 key questions (KQs) (Figure 1): whether
AlS screening improves health outcomes in childhood or adulthood
(KQ1), the accuracy of screening for AIS (KQ2), whether treatment
of AlIS improves health outcomes in childhood or adulthood (KQ3),
the association between severity of spinal curvature in adolescence
and health outcomes in adulthood (KQ4), the harms of screening
for AIS (KQ5), and the harms of treating AIS (KQ6). Methodological
details, including search strategies, inclusion criteria, excluded
studies, and detailed results are publicly available in the full evi-
dence report.?!

Data Sources and Searches
The literature search included PubMed, Cochrane Central Reg-
ister of Controlled Trials, Ovid MEDLINE, ERIC (Eric.ed.gov),
and CINAHL (Cumulative Index to Nursing and Allied Health
Literature) (eMethods in the Supplement). The search was lim-
ited to articles published from January 1966 to October 20,
2016. Database searches were supplemented by a review of ref-
erence lists from recent and relevant systematic reviews,
as well as a review of relevant ongoing trials in ClinicalTrials.gov
and the World Health Organization International Clinical Trials
Registry Platform.

After October 2016, ongoing surveillance continued through ar-
ticle alerts and targeted searches of a subset of core clinical jour-
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nals identified by the USPSTF2° to identify major studies published
in the interim that may affect the conclusions or understanding of
the evidence and therefore the related USPSTF recommendation.
The last surveillance was conducted on July 24, 2017, and identi-
fied no new studies.

Study Selection

Two reviewers independently reviewed 8230 titles and abstracts
and 1088 articles against prespecified inclusion criteria, resolving
discrepancies through consensus. For screening questions (KQ1,
KQ2, and KQ5), the population of interest was asymptomatic chil-
dren aged 10 to 18 years screened using any objectively measured
screening test, most commonly the forward bend test (Box).
Studies not conducted in the general population or in primary
care settings were excluded from this review. For treatment ques-
tions (KQ3 and KQ6), inclusion criteria were studies of children
and adolescents aged 10 to 18 years diagnosed with AIS with a
Cobb angle of 10° to 50° at detection, since children with curves
greater than 50° are likely to be detected clinically and therefore
are not likely to be candidates for screening. Eligible treatments
included multiple types of braces (Box), exercise treatment, and
surgery. For all KQs, included study designs were randomized
clinical trials (RCTs), nonrandomized trials, cohort studies, and
registry-based observational studies. For harms questions (KQ5
and KQ6), case series and case-control studies were also
included. For KQ4, only studies with outcomes collected in both
adolescence and adulthood were included.

Data Extraction and Quality Assessment

Key elements of included studies were abstracted into evidence
tables tailored for each KQ and for specific study designs. The
abstracted data included setting and population (eg, country,
age, sex, race/ethnicity, maturity of population), screening
and treatment details, reference standard or comparator details
(if applicable), length of follow-up, and outcomes (eg, accuracy,
benefits, harms). One reviewer completed primary data ab-
straction, and a second reviewer checked all data for accuracy
and completeness.

Each study was assigned a final quality rating of good, fair,
or poor based on design-specific criteria?® (eTable 1in the Sup-
plement). In general, a good-quality study met all quality criteria.
A fair-quality study failed to meet at least 1 criterion but had no
known issue that would invalidate its results. Disagreements
between investigators were resolved by discussion. Studies rated
as poor quality were excluded if there was a major risk of bias
(eg, evidence of selection bias or confounding, attrition greater
than 40%, differential attrition higher than 20%, and not
accounting for missing data) that could invalidate the results.

Data Synthesis and Analysis

Results were synthesized in narrative format, and summary tables
were used to compare results across different studies. For KQ2
(accuracy), values were calculated from data provided where pos-
sible. Because of the limited number of included studies for
each key question, combined with the heterogeneity between
study populations and outcomes, no pooling or meta-analyses
were conducted. A standardized summary of evidence table was
used to summarize the overall strength of evidence for each KQ.
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Box. Glossary

Adolescent idiopathic scoliosis (AIS): Spinal curvature of greater
than 10° Cobb angle presenting at 10 years or older and of unknown
etiology. Increasingly recognized as a 3-dimensional deformity, often
with a rotational component.

Angle of trunk rotation (ATR): Measurement of trunk rotation
according to a scoliometer. The Scoliosis Research Society (SRS)
recommends an ATR of 5° to 7° as a threshold for referral

for radiography.’

Cobb angle: Measure, in degrees, of lateral spinal curvature.?
Requires radiographs for measurement.

Skeletal maturity: Occurs at the end of adolescence. Typically
defined by a Risser sign of 4 or greater in female patients or 5

in male patients.

Risser sign: The stage of ossification of the iliac apophysis as seen
on radiograph; this is measured on a scale of 1to 5, with 5 indicating
the full ossification seen in developmentally mature adolescents
and adults.

Forward bend test (FBT): The most commonly used screening test
in the United States. A noninvasive screening procedure in which

a person bends forward at the waist until the spine is parallel to

the horizontal plane and the examiner checks the back for spinal
asymmetry. The FBT is used in most school-based scoliosis screening
programs. It can be used with or without a scoliometer.

Scoliometer: A handheld, noninvasive device placed on a patient’s
back during a forward bend test to measure ATR.

Moiré topography: A specialized device that projects contour lines
onto a person’s back; a photograph is then taken of the projection.
An examiner counts the number of asymmetric contour lines.>
Persons with 2 or more asymmetric Moiré fringes often are referred
for radiography.* This screening modality is used infrequently

in the United States.

The strength of the overall body of evidence was graded for
each key question using the Evidence-based Practice Center
approach,?? which is based on a system developed by the Grading
of Recommendations Assessment, Development and Evaluation
Working Group.23 This summary of evidence table includes the
number and design of included studies, summary of findings by
outcome, consistency or precision of results, reporting bias, sum-
mary of study quality, limitations of the body of evidence, and
applicability of the findings.

. |
Results

After review of 8230 abstracts and 1088 full-text articles (Figure 2),
14 studies published in 26 articles were included (N = 448 276)
(Table 1). Seven studies (13 articles; n = 447 243) met inclusion cri-
teria for screening accuracy (KQ2), 7 studies (9 articles; n = 835)
for the benefits of treatment (KQ3), 1study (2 articles; n = 242) for
the harms of treatment (KQ6), and 2 studies (5 articles; n = 339)
for long-term outcomes (KQ4). No studies met inclusion criteria for
the effect of AlS screening on long-term health outcomes (KQT) or
on the harms of screening (KQ5).

jama.com

Brace treatment: Brace treatment is not intended to correct
curvature but rather to slow or halt curve progression; bracing
therefore is indicated primarily for skeletally immature patients
(Risser sign, 0-2) at high likelihood of rapid curve progression.
Braces are typically worn until skeletal maturity. Braces fall into 3
general categories: full-time rigid bracing, nighttime rigid bracing,
and soft bracing. Brace selection is based on curve location and
characteristics and on the anticipated tolerance of the patient.®

Full-time rigid bracing: Most rigid braces are prescribed for use 20
to 24 hours per day.®® Rigid braces include thoracolumbosacral
orthotic (TLSO) rigid braces and cervical TLSO (CTLSO) braces.
The Boston brace is the most commonly used TLSO is the

United States. The CTLSO braces, like the Milwaukee brace, are
most commonly used for thoracic curves with an apex above T8

or for double curves.

Nighttime rigid bracing: Rigid braces typically worn while sleeping.
Soft bracing: Adjustable, flexible, and noninvasive braces.

Surgical treatment: Spinal surgery to correct spinal curve is
recommended for those with Cobb angles of 40° to 50°, depending
on developmental maturity and type of curve.

SOSORT guidelines: The International Scientific Society on Scoliosis
Orthopedic and Rehabilitation Treatment (SOSORT) recommends
the following treatments based on Cobb angle. However, individual
treatment may vary depending on speed of progression and
remaining skeletal growth.

<20°: Observation

20°-25°: Observation or brace

26°-45°: Brace

46°-50°: Brace or surgery

>50°: Surgery

Screening

Key Question 1. Does screening for adolescent idiopathic scoliosis
improve (a) health outcomes and (b) the degree of abnormal spinal
curvature in childhood or adulthood?

No RCTs or nonrandomized trials met inclusion criteria for evalu-
ating the effect of screening for AIS on severity of curvature or adult
health outcomes compared with no screening.

Key Question 2. What is the accuracy of screening for adolescent
idiopathic scoliosis?

Seven fair-quality prospective cohort studies of screening pro-
grams (13 articles)®>243 including 447 243 adolescents met inclu-
sion criteria. Six of the 7 programs were conducted in school
settings,?+2728:31:3235 3nd there was heterogeneity in the screen-
ing tests used and in the training of the practitioners conducting
screening. Five of 7 studies reported results of a single screening epi-
sode; 2 reported cumulative results of multiple years of repeated
screening. Three of the 7 studies included some follow-up data on
children who screened negative.?*2>%” Consistent with previous
estimates,®>13 the included screening studies suggest an AlS preva-
lence ranging from 1.2% to 3.5%.242527

Screeningaccuracy increased with the number of screening tests
used (Table 2). Sensitivity and specificity were highest (93.8% and
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Figure 1. Analytic Framework and Key Questions
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Does screening for adolescent idiopathic scoliosis improve:
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a. Health outcomes?

What is the accuracy of screening for adolescent idiopathic scoliosis?

a. Health outcomes?

What are the harms of screening for adolescent idiopathic scoliosis?
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b. The degree of abnormal spinal curvature in childhood or adulthood?

b. The degree of abnormal spinal curvature in childhood or adulthood?
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i Morbidity
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Does treatment of adolescent idiopathic scoliosis that has a Cobb angle of less than 50° at diagnosis improve:

What is the association between severity of spinal curvature in adolescence and health outcomes in adulthood?

What are the harms of treatment of adolescent idiopathic scoliosis that has a Cobb angle of less than 50° at diagnosis?

Evidence reviews for the US Preventive Services Task Force (USPSTF) use an
analytic framework to visually display the key questions that the review will
address to allow the USPSTF to evaluate the effectiveness and safety of

a preventive service. The questions are depicted by linkages that relate

interventions and outcomes. A dashed line indicates a relationship between an
intermediate outcome and a health outcome that is presumed to describe the
natural progression of the disease. Further details are available in the USPSTF
procedure manual.2®

99.2%), predictive value was highest (81.0%), and false-positive rates
were lowest (0.8%; 6.2% false-negative) in a clinic-based screen-
ing program using forward bend test, scoliometer, and Moiré
topography screening (n = 306 082)%°; accuracy was lower (711%
sensitivity, 97.1% specificity, 2.9% false-positive, 28.9% false-
negative) in a US-based study of forward bend test with scoliometer
(n = 2242).2* Sensitivity for single-modality screening in a school-
based program screening children 8 years and older (n = 2700)%’
ranged from 84.4% for forward bend test alone to 100% for Moiré
screening. False-positive rates ranged from 0.8%2° to 21.5% 27;
false-negative rates ranged from 0% for Moiré screening® t0 15.6%
for forward bend test alone,” with 28.9% for forward bend test with
or without scoliometer.?* Positive predictive value estimates ranged
from 29.3%2* to 54.1% for forward bend test plus scoliometer?® and
ranged from 5.0% to 17.3% for a single screening modality?’ to 81.0%
for forward bend test with scoliometer and Moiré screening.?

Two of 7 studies provided data comparing the degree of cur-
vature in children with screen-identified scoliosis with that in

JAMA January 9,2018 Volume 319, Number 2

those with false-negative screening results and later scoliosis
diagnosis.?*2° In a US-based study (n = 2242), distributions
of curve were similar for children detected through school-
based screening compared with those detected clinically.?* How-
ever, in a Hong Kong-based, multitiered screening program
(n =306 082), curve distributions in screen-detected cases
tended to be a lower degree of curvature (50.9% of the screen-
detected vs 26.2% of the false-negative population had curves of
10° t0 19°).32>26 |n the 5 studies with data on screen-detected
cases only (n = 138 919),2728:3132:35 the majority of cases detected
were at Cobb angles of less than 20°, a level at which expectant
management may be the most common treatment.

Effects of Interventions on Health Outcomes

Key Question 3. Does treatment of adolescent idiopathic scoliosis
that has a Cobb angle of less than 50° at diagnosis improve (a) health
outcomes and (b) the degree of spinal curvature in childhood
or adulthood?
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Figure 2. Literature Search Flow Diagram
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All eligible full-text articles could be reviewed for more than 1key question (KQ).

Seven studies (9 articles; n = 835) on the benefits of treat-
ment met inclusion criteria; this included 2 RCTs, 2 honrandom-
ized trials, a prospective cohort study, a retrospective cohort
study, and a study that combined an RCT and a prospective
cohort study.?®36*3 Five studies (7 articles)?®3¢-#! of 651 adoles-
cents examined the association between bracing treatment and
curve progression. Three brace studies (an RCT, a nonrandomized
trial, and a retrospective cohort study) were of fair quality, 283537
and 2 brace studies (a prospective cohort and the combined
RCT and prospective cohort study) were of good quality.384°
Two studies*?** (1 good-quality RCT*? and 1 fair-quality nonran-
domized trial*3) of 184 adolescents examined the benefits of
exercise treatment.

Brace Treatment

Studies defined treatment outcomes either as absolute increase
in curvature (measured by Cobb angle)?83¢-3740; progression
of curve past a defined number of degrees (usually 5° to 10°) dur-
ing the study; or progression of curve to a threshold at which brac-
ing treatment was considered failed, typically past 45° to 50°
Cobb angle, when surgery may be considered.?836-38 One study,
the combined RCT and prospective cohort study, presented
dose-response data on the association between daily hours of
brace wear and curve progression.383° Most included studies
reported on the proportion of participants whose curves met cer-
tain thresholds; only 1 reported Cobb angle both before and

jama.com

after treatment. Four prospective controlled studies (n = 587)
found evidence for benefit of bracing treatment on curve pro-
gression compared with observed controls (eTable 2 in the
Supplement).36-3840

Three of 4 studies that evaluated absolute change in curvature
in braced vs observed populations reported results favoring brace
treatment (n = 345).36374C Three prospective controlled studies
(n = 345)363740 found an association between bracing and slow-
ing curve progression of 5° or 6°; 1 nonrandomized trial (n = 37)*’
and 1 retrospective cohort study (n = 64)28 showed limited differ-
ences for progression of 10° or more between braced and ob-
served groups.

Four studies (n = 411) evaluated the progression of cur-
vature past an absolute threshold at which bracing treat-
ment was considered as having failed.?®6-38 The 1 study that
combined an RCT and prospective cohort study (n = 242) demon-
strated a significant benefit associated with bracing.3®° The
single RCT of bracing (n = 68) suggested lesser progression in the
braced group, but significance was not reported®; 2 smaller stud-
ies, a nonrandomized trial and a retrospective cohort study
(n =101), found similar results between braced and control
populations.?837

The largest included bracing study (n = 242) was the good-
quality, international RCT combined with a prospective cohort
study called the Bracing in Adolescent Idiopathic Scoliosis Trial
(BRAIST), which assessed the association between bracing
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18 hours per day and preventing progression of Cobb angle past
50°.38:39 This study planned to follow up participants through
skeletal maturity but was terminated early by the data and safety
monitoring board because of treatment benefit in favor of brac-
ing. In the as-treated analysis, which included both the random-
ized and patient-preference cohorts, 41 of 146 braced partici-
pants (28%) had progression of Cobb angle past 50°, compared
with 50 of 96 (52%) untreated participants. The odds ratio for
the study definition of a successful outcome (skeletal maturity
without progression of Cobb angle past 50°) was 1.93 (95% Cl,
1.08-3.46), adjusted for duration of follow-up and propensity
score quintile (used to control for potential selection bias in the
nonrandomized cohort). Data from the intention-to-treat analysis
(RCT cohort) likewise showed a statistically significant association
between bracing and reduced curve progression, with progres-
sion past 50° in 25% of braced participants and 58% of untreated
participants (the unadjusted odds ratio for a successful outcome
was 411 [95% Cl, 1.85-9.16]). The number needed to treat to pre-
vent 1 case of curve progression past 50° was 3.0 (95% Cl, 2.0-
6.2), and the reduction in relative risk with bracing was 56%
(95% Cl, 26%-82%). This trial was the only one reporting quality-
of-life outcomes associated with bracing; outcomes were similar
between treatment groups (eTable 3 in the Supplement).

Cobb angle in adulthood was assessed in 1 prospective cohort
study of bracing,*®*! which suggested little progression in adult-
hood in either treated or observed individuals with curves of mod-
erate magnitude. Seventy-seven of the original 106 adolescent fe-
male patients who had been enrolled at 2 of the centers in the
Scoliosis Research Society bracing cohort were reevaluated a mean
of 16 years after skeletal maturity (mean age, 32 years).***> Mean
Cobb angles at maturity in this cohort were similar in both the ob-
served and braced groups (30.6° in observed participants, 27.7° in
braced participants; P = .07). Between skeletal maturity and adult
follow-up, mean Cobb angle had increased by a mean of 4.4° (SD,
4.1°)in observed patients and by a mean of 6.4° (SD, 5.8°) in braced
patients. Only 3 of 40 observed individuals (7.5%) and 2 of 37 braced
individuals (5.4%) had progression of the curve past 45° at the time
of follow-up (P > .99).

Exercise Treatment

In 1 good-quality RCT (n = 110)*? and 1 fair-quality nonrandomized
trial (n = 74)*® of tailored physiotherapeutic scoliosis-specific exer-
cise, the intervention group experienced significant improvement
compared with a generic-exercise control group at 12-month fol-
low-up (eTable 4 and eTable 5 in the Supplement). In the RCT
(n =110), there was a favorable reduction in Cobb angle of 4.9°in
theintervention group compared with the control group’s unfavor-
able increase of 2.8° (P < .001). Quality-of-life measures were im-
proved at 12 months in the intervention group, compared with stable
or slightly improving measures in the control group.*? By the end
of the nonrandomized trial's 12-month treatment period, the inter-
vention group had experienced a favorable decrease in mean mag-
nitude of all curves of 0.67°, compared with the control group's un-
favorable progression of 1.38° (P < .05).4*

Surgical Treatment
No studies of surgical treatment in adolescents with a Cobb angle

less than 50° at diagnosis met inclusion criteria.

jama.com

US Preventive Services Task Force Clinical Review & Education

Association Between Spinal Curvature

and Health Outcomes

Key Question 4. What is the association between severity of spinal
curvature in adolescence and health outcomes in adulthood?

Two fair-quality retrospective cohort studies (5 articles)**+&
of 339 individuals with AlS followed up in adulthood met inclu-
sion criteria. Both included studies were retrospective observa-
tional long-term follow-up analyses of individuals with AIS diag-
nosed during adolescence. One study**** evaluated a cohort of
77 adults who were either braced or observed during adolescence
as part of a bracing study; the other*®#8 included various subsets
of a cohort of 283 persons with AIS who had been consecutively
referred to a regional center for bracing or surgical treatment dur-
ing adolescence, 262 of whom were assessed in adulthood.
Follow-up occurred at least 11 years after skeletal maturity in the
smaller cohort and at least 20 years after treatment in the larger
cohort.

No included studies reported health outcomes data stratified
by degree of curvature at skeletal maturity; therefore, no included
studies directly address the key question as worded. Instead, the
included studies provide insight into adult health outcomes strati-
fied by adolescent treatment regimen received, which sometimes
can vary by curve severity. Both general and scoliosis-specific
quality-of-life measures (36-Item Short Form Health Survey; Sco-
liosis Research Society 22-Item Questionnaire) were similar
between observed and braced participants at adult follow-up in 1
retrospective cohort study (n = 77).***° In the other retrospec-
tive cohort study (n = 262), Oswestry Disability Index scores,
general well-being, self-esteem, social activity, pulmonary out-
comes, and childbearing and pregnancy outcomes were similar in
adulthood in people braced or surgically treated in adolescence
(Table 3).45® However, braced participants rated their body
appearance as more distorted than did untreated participants.*®
Braced individuals also recalled experiencing a negative effect on
their life during the treatment period compared with those
treated surgically.*®

Harms of Interventions
Key Question 5. What are the harms of screening for adolescent
idiopathic scoliosis?

No studies on harms of screening met inclusion criteria.
False-positive rates ranged from 0.8% for clinic-based forward
bend test with scoliometer and Moiré screening?® to 21.5% for
hump assessment alone?” (reported in KQ2), although the harms
associated with false-positive screening are unclear.

Key Question 6. What are the harms of treatment of adoles-
cent idiopathic scoliosis that has a Cobb angle of less than 50°
at diagnosis?

Harms of bracing were reported in 1 good-quality com-
bination of an RCT with a prospective study (n = 242).383° The
most frequently reported nonserious adverse events were
those involving the skin under the brace; there were 12 reports
of such symptoms in the 146 braced participants compared
with zero reports in the 96 observed participants. There were
12 reports of nonback body pain in the braced group and 2 such
reports in observed group. One of the 146 braced participants
reported a serious adverse event (anxiety and depression requir-
ing hospitalization).
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Table 3. Health and Quality-of-Life Outcomes in Adulthood From Retrospective Long-term Follow-up Studies of AIS Cohorts
Treated in Adolescence (KQ4)

Goteborg Cohort”

Danielsson et al,*® 2001

Danielsson and Nachemson,*” 2001
Pehrsson and Danielsson,*® 2001¢

SRS Bracing Cohort?
Danielsson et al,*+2010
Danielsson et al,** 2012¢

Observed Brace-Treated PValue Surgically Treated Brace-Treated P Value
No. of participants 40 37 146 116
AlS treatment received Observation only Boston brace Surgery with Boston or
in adolescence until skeletal maturity Harrington distraction Milwaukee brace

and fusion until skeletal maturity

Age at follow-up, mean (SD), y 32.2(1.2) 32.4(1.8) NR 39.7 (2.5) 39.3(2.2) 31
Cobb angle pretreatment, 29.2 (3.0) [23-35]  30.5(3.2) [25-38] 11 61.8 (13.2) [38-122] 33.2(9.6) [12-60] <.001
mean (SD) [range], degrees
Cobb angle at skeletal maturity/end 30.6 (4.9) [21-42] 27.7 (6.8) [14-42] .07 33.1(9.4) [12-65] 29.7 (11.2) [0-58] <.05¢

of treatment, mean (SD) [range], degrees

Cobb angle at follow-up in adulthood,
mean (SD) [range], degrees

Spinal Appearance Questionnaire scores
in adulthood, mean (SD) [range]”

0Dl scores in adulthood, NA NA NA
mean (SD) [range]?

SF-36 scores in adulthood,
mean (95% CI)"

35.0 (6.5) [21-48] 34.1(7.7) [19-48] 5, 36.5 (9.7) [14-66] 37.6 (14.7) [5-71] 48

12.9 (4.4) [7-25] 15.0 (4.6) [7-29] .03 NA NA NA

8.3 (10) [0-50] 7.6 (9.0) [0-36] .49

182

Physical functioning 94.5(91.9-97.1) 94.9 (92.1-97.1) .80 85.8 (83.1-88.5) 88.2 (85.5-90.9) 22
Role physical 93.1 (87.3-98.9) 91.9 (84.8-97.7) .94 86.8 (81.9-91.7) 82.8 (76.7-88.9) NR
Bodily pain 75.0 (67.4-82.5) 68.1 (60.2-74.5) .19 70.8 (66.5-75.1) 71.5 (66.6-76.4) 73
General health 83.7 (74.6-88.2) 79.8 (75.1-83.6) .15 75.1(71.8-78.4) 77.6 (74.3-80.9) .49
Vitality 69.9 (63.3-76.1) 68.2 (61.6-73.7) .78 68.4 (65.1-71.7) 63.1 (59.2-67.0) NR
Social functioning 91.9 (86.7-97.0) 89.5 (83.3-94.6) 34 90.7 (87.8-93.6) 90.0 (86.7-93.3) NR
Role emotional 90.0 (82.5-97.5) 86.5 (76.5-94.6) .79 88.1 (83.6-92.6) 89.1 (84.6-94.4) NR
Mental health 83.5(78.9-88.1) 81.3 (76.2-85.4) 51 81.0 (78.5-83.5) 80.8 (77.7-83.9) NR
How did you experience
the treatment period? No. (%)
Major positive effect on my life NA NA NA 37 (25.3) 6(5.1)
Minor positive effect on my life NA NA NA 33 (22.6) 8 (15.5)
In no way affected my life NA NA NA 18 (12.3) 17 (14.6) <.001
Minor negative effect on my life NA NA NA 37 (25.3) 43 (37.1)
Major negative effect on my life NA NA NA 21 (14.4) 32 (27.6)

Abbreviations: AlS, adolescent idiopathic scoliosis; KQ, key question; NA, not
assessed; NR, not reported; ODI, Oswestry Disability Index; SF-36, 36-ltem
Short Form Health Survey; SRS, Scoliosis Research Society.

2 Study was of fair quality, conducted among 77 participants in 2 medical
centers in Sweden from 1985-1989, with follow-up to 11 years or more
postmaturity.

bStudy was of fair quality, conducted among 262 participants in a university
hospital in Sweden from 1968-1977, with follow-up to 20 years or more
posttreatment.

€ The SRS Bracing Cohort study also reported outcomes from the Scoliosis

Research Society 22-tem Questionnaire; no significant differences were found
between groups.

9The Goteborg study also reported outcomes from the Psychological General
Well-Being Index (no correlation between angle of trunk rotation at follow-up

and Psychological General Well-Being Index scores), pulmonary outcomes
(no correlation between curve size after treatment and vital capacity or forced
expiratory volume), and childbearing and pregnancy outcomes (no significant
differences between groups for marital status, number of children,
birthweight, or pregnancy complications).

€ Reported in Danielsson 2001 article,”® with n = 248 (139 surgical therapy; 109
brace therapy).

f Measures patient perceptions of spinal deformity and scored on a scale from 7
(least distorted) to 35 (most distorted). Scores were correlated with major
curve size for all participants, with Spearman rank correlation rs = 0.40
(P <.0010).

& Possible scores, O (best) to 100 (worst).

h Possible scores, O (worst) to 100 (best), scaled to population norm of 50.

|
Discussion

This systematic review?' was conducted to assist the USPSTF in
updating its 2004 recommendation' onroutine screening of asymp-
tomatic adolescents for AIS. Fourteen unique studies were in-
cluded, more than half of which (8 studies) were published since the
previous USPSTF review.

JAMA January 9,2018 Volume 319, Number 2

Table 4 summarizes the findings for this evidence review.
Updated evidence suggests that AIS can be identified with for-
ward bend test, scoliometer, or both, with radiologic confirmation,
although estimates of predictive value and sensitivity are variable
and the majority of individuals identified through screening will
never require treatment. This review includes data from 3 pro-
spective controlled bracing studies published since the 2004 evi-
dence review, one of which was a large study (n = 242) conducted
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at 25 sites in the United States and Canada. These studies suggest
that brace treatment is associated with a decreased likelihood of
curve progression before skeletal maturity, without significant
short-term harms. Furthermore, limited new evidence suggests
curves may respond similarly to physiotherapeutic, scoliosis-
specific exercise treatment; if confirmed, this may represent a
treatment option for mild curves before bracing is recommended.

Surgical treatment remains the standard of care for curves
that progress to greater than 40° to 50°; however, there are no
controlled studies of surgical vs nonsurgical treatment in individu-
als with lower degrees of curvature at AIS detection (which would
best represent a screen-identified population). Although long-
term observational studies suggest continued curve progression in
adulthood is less likely for curves of smaller magnitude at skeletal
maturity, direct evidence on the association between magnitude
of curve at skeletal maturity and adult quality-of-life outcomes
is lacking. Further, no direct evidence was found either for a ben-
efit of universal AlS screening of adolescents on long-term health
outcomes or for exposure-related or psychological harms of
screening. Although several studies have suggested that radiation
exposure over the course of management of and surveillance for
scoliosis is associated with increased cancer risk in adulthood,”">*
the effect of screening-only exposure was not reported in any
included studies.

Limitations of the body of evidence include the lack of studies
on screening approaches in targeted populations based on sex or
other factors associated with likelihood of curve progression. Fur-
ther, several studies found few adolescents willing to be random-
ized to a treatment group and therefore did not sufficiently accrue
participants.>>>® The lack of long-term outcomes data stratified by
degree of curvature at skeletal maturity limits the ability to draw
conclusions about the long-term clinical effect associated with the
interruption of curve progression during adolescence.

Studies that prospectively enroll cohorts at AIS diagnosis or
treatment for the purpose of long-term follow-up into adulthood
would strengthen the body of evidence on the long-term effects of
screening. Also needed are controlled trials of scoliosis screening
programs that allow comparison of screened and nonscreened
populations, different screening settings, personnel, and proce-
dures. Ideally, screening results should be reported for all relevant
populations, including female patients and children with a family
history of scoliosis. Prospective, systematic collection of data on
the potential harms of screening—including psychosocial effects

US Preventive Services Task Force Clinical Review & Education

and radiation exposure estimates for screened (as opposed to
treated) populations—also is needed.

Because the utility of screening ultimately is determined by
whether treatment of people with AlIS identified through screen-
ing is effective in improving long-term health outcomes, the body
of evidence also would be strengthened by additional good-quality
studies of treatment, such as more prospective studies of exercise
and brace treatment and studies on surgical treatment for people
whose AlS wasidentified through screening. High-quality studies as-
sessing the procedural and quality-of-life harms of screening and
treatment also are needed.

Limitations

Limitations of the review approach include exclusion criteria that
resulted in a small body of evidence but one that reflects the best
available studies in this field. The scope of this review was inten-
tionally limited to individuals with curves less than 50° at detec-
tion to assess the evidence for a screening-relevant, primary care
population. Studies without valid comparison groups and studies
of surgical intervention without data on curve progression before
surgery were excluded. Also excluded were a large number of
studies with no comparison group, comparative effectiveness
studies, longitudinal studies that did not report health outcomes
in adulthood, studies in which screening was conducted by a
single practitioner, and studies in which screening results were
not objectively measured. Quality rating of studies—some of
which were published as far back as 1966—further limited the
body of evidence, as many were conducted before currently
accepted quality measures and reporting standards were estab-
lished. The decision to not pool or meta-analyze results based on
heterogeneity of the included outcomes limited interpretation of
single estimates of harm or benefit.

. |
Conclusions

Screening can detect AIS. Bracing and possibly exercise treatment
can interrupt or slow progression of curvature in adolescence.
However, there is little or no evidence on long-term outcomes for
AlIS treated in adolescence, the association between curvature at
skeletal maturity and adult health outcomes, the harms of AIS
screening or treatment, or the effect of AlS screening on adult
health outcomes.
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