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We present a summary of our research into the natural history
and treatment of adolescent idiopathic scoliosis (AIS). This work
has answered critical clinical questions and in aggregate has sub-
stantially contributed to the evidence base for the prognosis and
treatment of AIS.

Evidence-based practice has been defined by Straus and
Sackett1 as the best research evidence when combined with clin-
ical experience (based on knowledge and experience developed
over time from practice, including inductive reasoning) and
patient circumstances. The first step in pediatric evidence-based
practice is to understand the natural history of the disease or
condition in order to learn the adult consequences of the con-
dition. We need to understand what we are trying to prevent
with treatment. The second step is to determine the outcomes of
treatments to establish that treatment has favorably altered the
natural history without introducing iatrogenic complications.

The focus of our research over the last thirty-eight years
has been to establish the evidence base for a variety of pediatric
orthopaedic conditions. We present an overview of our research
contributing to the current evidence for the prognosis and treat-

ment of AIS. Arthur Steindler, MD, cared for a large number of
patients with AIS between 1932 and 1948 and kept meticulous
records of their initial presentation and subsequent visits. Our
research was possible because of these records and the loyalty of
these patients to Dr. Steindler and the University of Iowa.

Evidence for the Prognosis of AIS
AIS is characterized by a lateral curvature of the spine of 10� or
greater with rotation of the vertebrae. The diagnosis is made when
other causes of scoliosis have been ruled out. Two to three percent of
children younger than sixteen years of age will have a curvature of
10� or greater, and 0.3% to 0.5%will have a curvature of 20�, the size
at which treatment is generally recommended. Applying these esti-
mates to current population figures, more than 620,000 adolescents
in the United States have AIS2. In 1995, there were an estimated
602,884 visits to private physician offices for this condition3, and in
2009, there were more than 3600 hospital discharges for spinal sur-
gery to correct AIS in the United States alone4. The total cost of these
surgeries (approximately $514 million) ranked second only to the
cost of appendicitis surgery in children ten to seventeen years of age.
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In 1968, two long-term evaluations of patients with un-
treated scoliosis were published; these reports profoundly influ-
enced the thinking of treating physicians, patients, and public
policy experts for decades5,6. These studies have the considerable
limitations of all retrospective case collections, and more impor-
tantly, they included patients of mixed etiology, including early-
onset idiopathic cases as well as nonidiopathic etiologies such
as congenital malformations, polio, and neuromuscular disease.
The unfortunate consequence of these reviews was the prevalent
misperception that all types of scoliosis inevitably lead to high
mortality rates, disability from back pain, and cardiopulmonary
compromise.

The results of these studies were used to develop screening
and treatment policy. Patients with AIS and their families were
often upset by misinformation about the condition and its ulti-
mate effect on their lives. The vast majority of patients with AIS
do not initially present because of symptoms but as a result of
screening or incidental findings of truncal asymmetry, and we
treat them to prevent future consequences. This makes an accu-
rate description of the natural history of AIS a critical compo-
nent of the evidence base.

Establishment of an Untreated Cohort and Early Studies
In 1950, Ponseti and Friedman reported on 394 patients with
untreated AIS at the two-year follow-up, establishing common
curve patterns and demonstrating that prognosis was a function
of the curve pattern and age of onset7. A second follow-up in
1969 presented evidence to support the relatively long-term nat-
ural history of AIS by evaluating not only radiographs, but also
pulmonary and back symptoms as well as aspects of patients’
living situations, including occupation, activities, marriage, and
children, and comparing the patients’ status to those of a non-
scoliotic control group8.

Long-Term Follow-up of Untreated AIS
In 1976, the senior author (S.L.W.) and colleagues began to fol-
low this cohort with continued evaluation of their radiographic,
clinical, and psychosocial outcomes9. A second report of this
cohort focused on factors related to curvature progression10. In
a third study, a subset of the patients who had radiographs avail-
able from the initial presentation, at skeletal maturity, and at the
thirty and forty-year follow-ups was examined11. This third study
found that the risk factors leading to curve progression prior
to skeletal maturity also predicted continued progression after
maturity.

This unique cohort of untreated patients was again studied
in the 1990s, at an average of fifty-one years postdiagnosis, when
the average age of the patients was sixty-six years12. The assess-
ment was comprehensive, including radiographs, clinical exam-
ination, self-report of back pain, pulmonary symptoms, general
function, depression, and body image. Data from the patient
group were compared with an age-matched and sex-matched
control group.

The summary findings of this unique lifetime natural his-
tory of AIS patients provides patients and parents a solid evi-
dence base uponwhich tomake informed decisions. Contrary to

the earlier reports from Sweden5,6, we found no evidence to link
untreated AIS with increased rates of mortality in general or
with cardiac or pulmonary conditions potentially related to the
curvature. Respiratory failure and premature death may occur
in patients with early-onset idiopathic scoliosis, but there is no
indication from any study that severe pulmonary compromise
is common in those with adolescent onset. However, having a
Cobb angle of 50� or greater at skeletal maturity is a significant
predictor of decreased pulmonary function. Patients with large
curves (>80�) and a thoracic apex had significantly greater
odds of shortness of breath than did patients with large lumbar
curves (>50�).

Sixty-eight percent of the curves in the cohort of untreated
patients progressed after skeletal maturity. In general, curves less
than 30� at skeletal maturity tended not to progress, regardless
of the curve pattern. Curves measuring between 50� and 75� at
maturity, particularly thoracic curves, progressed the most.
Curves with both thoracic and lumbar involvement tended to
balance with age and maintain coronal compensation.

In AIS, back pain may arise in any patient regardless of
curve size or location. Patients with AIS had more chronic back
pain and more acute pain of greater intensity and duration than
their peers. However, their ability to work and perform activities
of daily living was similar to that of controls. Despite back pain,
this group of untreated patients continues to function at a high
level, indicating that the natural history of AIS does not neces-
sarily include functional disability. The psychosocial and de-
pression indices were similar to those of controls; however,
patients with AIS were generally dissatisfied with their physical
appearance. The Cobb angles at the final follow-up ranged from
15� to 156�, with the largest angles occurring in patients with
thoracic or thoracolumbar curves. Many had substantial apical
vertebral rotation adding to the deformity in the coronal plane.
Therefore, it is not surprising that patients were considerably
less satisfied with their appearance than controls. Thirty-two
percent felt that their life was limited because of scoliosis, in-
cluding difficulty purchasing clothes, decreased physical activ-
ity, and self-consciousness.

By closely studying this group of patients for more than
fifty years, we have learned that patients with untreated AIS can
function well as adults, become employed, get married, have
children, and grow to become active older adults. Unfortunately,
patients with untreated AIS can also develop substantial defor-
mity, and the cosmetic aspect of this condition cannot be dis-
regarded. The physical outcomes demonstrated in this cohort
born many decades ago can be used to predict the likely expe-
rience of future patients, althoughwe doubt that a contemporary
cohort (and their peers) would be as accepting of deformity as
these patients have been.

Evidence for Bracing in Patients with AIS
Despite many centuries of study and treatment, the etiopatho-
genesis of AIS is still not established and, therefore, we cannot
prevent its development. Interventions are thus aimed at second-
ary prevention, where the goal is to avoid the negative side effects
of the established disease. Although operative interventions have
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become safer and more effective at restoring normal anatomy
over the past fifty years, one could argue that few notable
advances have been made in nonoperative treatment. As early as
400 B.C., Hippocrates recognized the condition and used a system
of intermittently applied forces to apply distraction and lateral
pressure to reduce the deformity13. The Milwaukee brace and,
more recently, thoracolumbosacral orthoses (TLSOs) use these
same principles to effect curve reduction. This lack of innovation
would be acceptable if clinicians were certain that bracing actually
achieved the anatomical and quality-of-life goals of the patient.
However, this is not necessarily the case. Curves continue to
progress to the point where only surgery can correct the defor-
mity and prevent future progression; patients continue to be
dissatisfied with daily bracing, and, as adults, they may face back
pain, alterations in body image, and pulmonary impairment.
Therefore, in light of these shortcomings, it is imperative that
clinicians and patients have access to evidence concerning the
effectiveness and side effects of bracing so that they can knowl-
edgeably make decisions based on their own personal risk-benefit
considerations.

Modern brace treatment for AIS began in the late 1940s
with the development of the Milwaukee brace14. This orthotic,
originally developed as a postsurgical alternative to casting, was
soon widely adopted around the world as the standard of non-
surgical care for AIS, despite the lack of any high-quality evi-
dence supporting its effectiveness. In an early review of our
patients treated with a Milwaukee brace15, we found that 48%
had curve progression and 42% had undergone arthrodesis. The
University of Iowa, like most other clinical centers, transitioned
from use of the Milwaukee brace to TLSOs in the 1980s. Our
later evaluation of TLSO bracing treatment16 showed that 56% of
patients had curve progression and 31% of patients had under-
gone arthrodesis prior to skeletal maturity.

The results of these papers caused us to question not only
our clinical practice, but also the evidence base for bracing. We
also questioned the use of curve progression as the definition
of failure since curve progression per se is not associated with
suboptimal health and functioning in the future. Furthermore,
patients and families are most concerned with the need for
surgery. These concerns motivated a systematic review of the
bracing literature using surgery (or curve progression to 50� or
greater) as the outcome of interest17. In keeping with our phi-
losophy, natural history (results in untreated patients) was used
as the comparator. We were struck by the variability in surgery
rates across the studies. Based on these papers, one could ex-
pect that anywhere from 1% to 43% of patients who had been
issued a brace would end up progressing to surgical indications.
The pooled rate of surgery across the bracing studies was 23%
(1814 patients; 95% confidence interval [CI], 20% to 24%).
The rate of surgery also varied in the papers describing the
results of observation (13% to 38%), resulting in a pooled rate
of 22% (139 patients; 95%CI, 16% to 29%).We concluded that
there is inconclusive and inconsistent evidence concerning the
risk of surgery after bracing in AIS. We arrived at the same
conclusion after reviewing the published meta-analyses on the
effectiveness of bracing in AIS, which was included in Wright’s

textbook Evidence-Based Orthopaedics: The Best Answers to
Clinical Questions18.

The result of our primary studies and systematic re-
views confirmed that bracing as the standard of care for AIS
was not supported by credible research evidence. In 2002, we
formed a protocol development team to design the first mul-
ticenter, randomized controlled trial comparing bracing to
observation. The planning phase included a prospective eval-
uation of specific sources of inefficiency in the proposed trial,
focusing on clinical equipoise and the ethics of randomization
to an observation arm19, willingness of patients and their par-
ents to enroll and their required risk reduction of surgery as
a result of bracing20, and the ability to measure adherence to
prescribed brace-wearing time through the use of tempera-
ture monitoring21.

Funding for the clinical trial was obtained in September
2006. The resulting clinical trial, Bracing in Adolescent Idi-
opathic Scoliosis Trial (BrAIST) (ClinicalTrials.gov number
NCT00448448), was designed to overcome the methodological
limitations of previous bracing studies by combining compo-
nents never included in a single bracing study to date: simulta-
neous comparison of untreated and treated subjects; objective
brace dose monitoring; comprehensive radiographical, clinical,
and psychosocial testing; diversity of participating sites; blinded,
independent determinations of outcomes; and a priori determi-
nation of effect size based on the risk-benefit considerations of
potential patients22.

BrAIST included twenty-five institutions across the United
States and Canada. As mentioned, BrAIST was planned and
funded as a randomized study, but a preference arm was added
during the course of the study to address slow enrollment. This
allowed patients to participate by choosing their own treatment.
Therefore, the final design included both a randomized cohort
and a preference cohort, with identical inclusion criteria, proto-
cols, and outcomes assessments. Enrollment was started inMarch
2007 and was completed in February 2011.

The primary aim of BrAIST was to compare the risk of
curve progression to 50� or greater (a common indication for
surgery) in subjects treated by a brace with those treated by ob-
servation. Secondary aims included comparison between the
health and functioning, quality of life, and self-image over time
in the two treatment groups, as well as determination of the re-
lationship between bracing dose (wear time) and curve response.
An additional aim was to develop predictive models based on
individual patient characteristics at initial presentation (i.e., sex,
skeletalmaturity, chronological age) and curve characteristics (i.e.,
curve magnitude, location) to establish baseline risk. Models
including these variables plus treatment characteristics, such as
hours of brace wear, were then used to establish risk reduction
associated with treatment.

The target population for this study was previously un-
treated patients with high-risk AIS who met current indications
for brace treatment: an age between ten and fifteen years, skeletal
immaturity (Risser grade 0, 1, or 2), and amaximumCobb angle
of 20� to 40�. Patients in the observation group received no
specific treatment. The primary outcome was determined when
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the first of two conditions was met: curve progression to 50� or
more (treatment failure) or skeletal maturity with a Cobb angle
of less than 50� (treatment success).

The trial was terminated for positive efficacy during
a planned interim analysis of the data in January 2013. The
primary analysis (combining the randomized and preference
groups) yielded an adjusted odds ratio of 2.03 (95% CI, 1.12 to
3.68; p < 0.0197), indicating a treatment benefit in favor of
bracing. The rate of treatment success was 72% in the bracing
group and 48% in the observation group. A similar positive
effect was also found in the randomized analysis: 75% success
after bracing compared with 42% after observation. We also
demonstrated a strong positive association between time spent
wearing the brace and the rate of success. Brace wear averaging
at least 12.9 hours per day was associated with success rates
between 90% and 93%23.

Summary of Clinical Relevance
The research presented in this summary has profoundly changed
clinical practice for clinicians treating patients with AIS, and it
has given patients and parents a solid evidence base upon which
to make informed patient-centered choices. Our early work dis-
puted the notion that all types of scoliosis had a grim prognosis.
We were able to let parents and patients know that AIS is a
unique entity whose natural history is very different from that
of early-onset scoliosis or scoliosis caused by other etiologies.
They now know that untreated AIS does not lead to early disa-
bility or death or the inability to have a normal life; however,
untreated scoliosis may lead to increased back pain, cosmetic
concerns, and pulmonary symptoms for patients with large tho-
racic curves.

Our curve progression data led to the now standard treat-
ment indications for surgery. Because curves over 50� at skeletal
maturity have a tendency to progress throughout life, this degree
of curvature has become the standard threshold for recommend-
ing prophylactic instrumentation and fusion to prevent progres-
sion and to correct the existing deformity.

Evaluations of our own patients with Milwaukee braces
and TLSOs led us to conduct systematic reviews of the effects of

brace treatment on preventing additional curve progression and
the need for surgery. These studies highlighted the low quality of
evidence and the heterogeneity of data on bracing effectiveness
uponwhich treatment decisions were being made. These studies,
in combination with the United States Preventive Services Task
Force (USPSTF) independent review of the evidence24, brought
the issue of bracing effectiveness into question and supported
our proposal for a randomized clinical trial. BrAIST has already
begun to substantially change medical practice and likely future
health policy by providing Level-I evidence that bracing signif-
icantly decreases the risk of curve progression to the surgical
threshold.

As a direct result of BrAIST, leaders in the spine community
have motivated the USPSTF to reassess their recommendations
on screening for scoliosis, and they are looking into programs to
change education for primary care physicians in order to promote
knowledge of the evidence for bracing and the importance of
early diagnosis and appropriate referral. These efforts, if success-
ful, should lead to a decrease in surgery, which we now know
can definitely be prevented in a substantial percentage of pa-
tients with AIS.

Source of Funding
Funding for the present study was received from the National
Institutes of Health, Canadian Institutes of Health Research,
Shriners Hospitals, Orthopaedic Research and Education Foun-
dation, Ira and Libbie Pink Charitable Foundation, Children’s
Miracle Network, and National Institute of Arthritis and Mus-
culoskeletal and Skin Diseases. n

Stuart L. Weinstein, MD
Lori A. Dolan, PhD
Department of Orthopaedic Surgery,
University of Iowa,
University Hospital, 01026 JPP,
Iowa City, IA 52245.
E-mail address for S.L. Weinstein: stuart-weinstein@uiowa.edu

References

1. Straus SE, Sackett DL. Using research findings in clinical practice. BMJ. 1998
Aug 1;317(7154):339-42.
2. US Census Bureau Population Division. Profile of General Demographic Charac-
teristics for the United States. 2010. http://www.census.gov/prod/cen2010/
briefs/c2010br-03.pdf.
3. Centers for Disease Control and Prevention. National Ambulatory Medical Care
Survey: 1995 Summary. 1997. http://www.cdc.gov/nchs/data/ad/ad286.pdf.
Accessed 2015 Jul 2.
4. Healthcare Cost and Utilization Project. Overview of Kids’ Inpatient Database
(KID). 2014. http://www.hcup-us.ahrq.gov/kidoverview.jsp. Accessed 2015
Jul 2.
5. Nilsonne U, Lundgren KD. Long-term prognosis in idiopathic scoliosis. Acta
Orthop Scand. 1968;39(4):456-65.
6. Nachemson A. A long term follow-up study of non-treated scoliosis. Acta Orthop
Scand. 1968;39(4):466-76.
7. Ponseti IV, Friedman B. Prognosis in idiopathic scoliosis. J Bone Joint Surg Am.
1950 Apr;32(2):381-95.
8. Collis DK, Ponseti IV. Long-term follow-up of patients with idiopathic scoliosis not
treated surgically. J Bone Joint Surg Am. 1969 Apr;51(3):425-45.

9. Weinstein SL, Zavala DC, Ponseti IV. Idiopathic scoliosis: long-term follow-up and
prognosis in untreated patients. J Bone Joint Surg Am. 1981 Jun;63(5):702-12.
10. Weinstein SL, Ponseti IV. Curve progression in idiopathic scoliosis. J Bone Joint
Surg Am. 1983 Apr;65(4):447-55.
11. Weinstein SL. Idiopathic scoliosis. Natural history. Spine (Phila Pa 1976). 1986
Oct;11(8):780-3.
12. Weinstein SL, Dolan LA, Spratt KF, Peterson KK, Spoonamore MJ, Ponseti IV.
Health and function of patients with untreated idiopathic scoliosis: a 50-year natural
history study. JAMA. 2003 Feb 5;289(5):559-67.
13. Marketos SG, Skiadas P. Hippocrates. The father of spine surgery. Spine (Phila
Pa 1976). 1999 Jul 1;24(13):1381-7.
14. Blount WP, Schmidt AC, Bidwell RG. Making the Milwaukee brace. J Bone Joint
Surg Am. 1958 Jun;40-A(3):526-8, passim.
15. Noonan KJ, Weinstein SL, Jacobson WC, Dolan LA. Use of the Milwaukee
brace for progressive idiopathic scoliosis. J Bone Joint Surg Am. 1996 Apr;78
(4):557-67.
16. Spoonamore MJ, Dolan LA, Weinstein SL. Use of the Rosenberger brace in the
treatment of progressive adolescent idiopathic scoliosis. Spine (Phila Pa 1976).
2004 Jul 1;29(13):1458-64.

1902

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 97-A d NUMBER 22 d NOVEMBER 18, 2015
THE EVIDENCE BASE FOR THE PROGNOSIS AND TREATMENT OF

ADOLESCENT IDIOPATHIC SCOLIOSIS

http://www.census.gov/prod/cen2010/briefs/c2010br-03.pdf
http://www.census.gov/prod/cen2010/briefs/c2010br-03.pdf
http://www.cdc.gov/nchs/data/ad/ad286.pdf
http://www.hcup-us.ahrq.gov/kidoverview.jsp


17. Dolan LA, Weinstein SL. Surgical rates after observation and bracing for ado-
lescent idiopathic scoliosis: an evidence-based review. Spine (Phila Pa 1976). 2007
Sep 1;32(19)(Suppl):S91-100.
18. Dolan L,Weinstein S. Best treatment for adolescent idiopathic scoliosis:What do
current systematic reviews tell us? In: Wright J, editor. Evidence-based orthopaedics:
The best answers to clinical questions. Philadephia: Saunders; 2009. p. 236-46.
19. Dolan LA, Donnelly MJ, Spratt KF, Weinstein SL. Professional opinion con-
cerning the effectiveness of bracing relative to observation in adolescent idiopathic
scoliosis. J Pediatr Orthop. 2007 Apr-May;27(3):270-6.
20. Dolan LA, Sabesan V, Weinstein SL, Spratt KF. Preference assessment of
recruitment into a randomized trial for adolescent idiopathic scoliosis. J Bone
Joint Surg Am. 2008 Dec;90(12):2594-605.

21. Dolan LA, Weinstein SL, Adams BS. Temperature as a diagnostic test for
compliance with a thoracolumbosacral orthosis. Presented as a poster exhibit at the
Annual Meeting of the Pediatric Orthopaedic Society of North America. Waikaloa, HI:
May 3-7, 2010.
22. Weinstein SL, Dolan LA, Wright JG, Dobbs MB. Design of the Bracing in Ado-
lescent Idiopathic Scoliosis Trial (BrAIST). Spine (Phila Pa 1976). 2013 Oct 1;38
(21):1832-41.
23. Weinstein SL, Dolan LA, Wright JG, Dobbs MB. Effects of bracing in adolescents
with idiopathic scoliosis. N Engl J Med. 2013 Oct 17;369(16):1512-21. Epub 2013
Sep 19.
24. US Preventive Services Task Force. Screening for adolescent idiopathic scoli-
osis. Policy statement. JAMA. 1993 May 26;269(20):2664-6.

1903

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 97-A d NUMBER 22 d NOVEMBER 18, 2015
THE EVIDENCE BASE FOR THE PROGNOSIS AND TREATMENT OF

ADOLESCENT IDIOPATHIC SCOLIOSIS


