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The Association Between Brace Compliance and
Outcome for Patients With Idiopathic Scoliosis
Tariq Rahman, PhD,* J. Richard Bowen, MD,* Masakazu Takemitsu, MD,*†
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Abstract: This was a prospective study on the association of brace
compliance and curve progression in idiopathic scoliosis. Compliance was measured electronically by embedding a temperature sensor
and logger in the Wilmington scoliosis brace. To date there have been
no studies that relate objective measures of compliance in a scoliosis
brace to treatment outcomes. Thirty-four subjects with idiopathic
scoliosis were monitored over the duration of their brace wear. Compliance data were downloaded and analyzed. The compliance rate for
the patients whose curve progressed (.5 degrees) was 62%; the
compliance rate for the patients who did not progress was 85% (P =
0.004). In the group that had high compliance (.90%), one of the
nine subjects’ curves progressed (11%). In the group with low compliance (,90%), 14 of the 25 subjects’ curves progressed (56%, P =
0.0075). Results indicate that the more patients comply with brace
treatment, the better their chances of a favorable outcome.
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T

here are numerous articles evaluating the efficacy of brace
treatment. Factors such as gender, age, bone maturity,
prescribed hours, and curve pattern and magnitude have been
shown to affect brace usage.1–11 These studies assumed that the
reported compliance by patients was reliable. Some authors
did not exclude noncompliant patients from their studies2,6,9,12
because of the difficulty in distinguishing between compliant
and noncompliant patients.
Retrospective studies, such as those by Karol3 and
Gurnham,13 relied on clinic notes and department records to
assess compliance. The authors acknowledged an incomplete
assessment of compliance by this method. Noonan et al6
considered a patient compliant if he or she returned for most of
the scheduled appointments, had no mention of noncompliance, and stated in a questionnaire that the treatment guidelines
had been followed. Lonstein and Winter4 measured compliance
by sending a questionnaire to patients asking about their brace
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wearing times. They reported that 89% of patients wore their
Milwaukee brace for 20 or more hours and were considered
compliant. Wiley et al10 interviewed patients and parents at
each visit to assess compliance and set 18 hours of brace wear
as the compliance threshold. They reported that 48% complied
with treatment using the Boston brace. DiRaimondo and
Green14 used neutral, in-person, and phone interviews to
ascertain compliance retrospectively. They showed that on
average patients wore their braces 65% of the time they were
instructed to do so.
The lack of objective compliance data has made it
difficult to assess brace efficacy in idiopathic scoliosis. This is
one of the major reasons why there has been considerable
debate concerning efficacy. To this end, several groups have
developed objective compliance measures.15–19 Lou et al18
used a pressure pad on a Boston brace to measure force distribution and compliance. Results showed 76% compliance for
limited tests with 16 subjects. Havey et al15 developed a pressure
sensor and tested it with normal subjects for reliability.
Houghton et al16 used a pressure switch and Lavelle et al12 employed a timer/temperature sensor. However, there are no reports
of a relation between objective compliance and brace efficacy.
These studies have not related compliance to outcomes, which
is what is performed in this study.
We hypothesized that patients with higher brace
compliance would have a better outcome in terms of halting
curve progression. The aim of this study was to prove this
hypothesis using an objective electronic compliance monitor
for patients with idiopathic scoliosis. The monitoring was
continued up to bony maturity or to the point when surgery
was required, and curve progression was measured throughout
brace treatment. This is the first study to evaluate the efficacy
of brace treatment prospectively using an objective measure of
compliance.

MATERIALS AND METHODS
This prospective study, aimed at measuring brace
compliance, was carried out between February 2000 and
May 2003 with full Institutional Review Board approval. An
electronic compliance monitor was fitted to each patient’s
Wilmington jacket during routine clinical brace treatment.
Fifty-two subjects were enrolled in the study. Data are reported
on 34 patients; 18 subjects did not fall into the inclusion
criteria (7 had initial curves ,25 degrees, 4 were juveniles,
5 did not complete the brace-wearing protocol, 1 developed
ulceration due to improper brace use, and 1 had a sensor
J Pediatr Orthop  Volume 25, Number 4, July/August 2005

J Pediatr Orthop  Volume 25, Number 4, July/August 2005

failure). All 34 patients completed their brace treatment. The
same attending doctor, who was blinded to the compliance
data being gathered, treated all patients. Of the 34 subjects, 4
were male and 30 were female. Average age at beginning of
brace treatment was 12 years (range 10–16 years). In 8 of the
34 patients, the initiation of the monitor and brace did not
coincide; the monitor was placed on the brace at a later date. In
these cases, the compliance data were extrapolated over the
entire brace-wearing period. Average brace treatment duration
was 23 months.
The curve magnitude was measured by Cobb angle in
a whole-spine posteroanterior radiograph taken every 4 to 6
months out of the brace. Twenty-seven of the 34 patients ended
their brace treatment when they reached bone maturity with
Risser 4 or more; the remaining 7 patients went on to have
spinal fusion surgery. Data collected after these patients were
first made aware of the likelihood of surgery were not included
because of the possibility of biased data.
Inclusion criteria of patients for this study were adolescent idiopathic scoliosis with curves greater than 25 degrees
and less than 45 degrees of Cobb angle, immature skeleton
with a Risser sign of 0 or 1 before the treatment, and treated
with the Wilmington brace. Prescribed regimens for the bracewearing schedule were 8 (nighttime) or 12 hours per day in the
brace for patients with curves 30 degrees or less and 16, 20, or
23 hours per day for those with curves greater than 30 degrees.
Psychosocial factors that would affect compliance were
considered in six patients, and acceptable wearing hours were
agreed upon by the patient, parents, and physician. Six patients
with Risser sign of 2 or more were included in this study at
their request.
Compliance was measured with a temperature sensor
(Onset Computer Corporation, Bourne, MA) that was placed
on the inside of the brace. The temperature sensor was connected to a HOBO data logger (Onset Computer Corp) that
was fixed on the outside of the brace. Temperature was measured every 10 minutes and stored by the logger for a period of
up to 9 months. The data were downloaded to a personal computer
at every clinic visit. The raw temperature data and the corresponding time stamp were then analyzed to yield the average
daily hours worn during the measurement period. A temperature threshold that determined brace-on and brace-off
states was manually set. This temperature was approximately
83°F; however, it increased to 90°F during summer months.
Reliability of the sensor was 97%.20
Compliance was measured as the ratio of time actually
worn to prescribed time, expressed as a percentage.
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t test yielded a two-sided P value of 0.004. Subject age and
Cobb angle before treatment were not significant co-variants.
An alternate way of analyzing the data is to divide the
subjects into two groups, one with high compliance (.90%,
n = 9) and the other with low compliance (,90%, n = 25).
In the high compliance group, curves progressed more than
5 degrees in 1 of the 14 subjects (11%). In the less compliant
group, curves progressed more than 5 degrees in 14 of the 25
subjects (56%). The two groups were significantly different as
measured by the Student t test (two-sided P value of 0.008).

DISCUSSION
Results showed a statistically significant improvement in
curve progression for subjects who complied with the treatment. This is in agreement with Winter et al’s11 finding that
compliant patients had better results. This result suggests that
brace compliance and indeed brace wearing has an effect on
curve progression. From this, one could infer that the natural
history is affected positively with brace wearing. Dividing the
groups by relative compliance backs this inference: the
patients with greater than 90% compliance were five times as
likely to have a favorable outcome than those with less than
90% compliance. The threshold of 90% compliance was arbitrary; others have used dichotomous measures such as compliant/noncompliant6 by seeing whether patients returned for
most clinic visits. Lonstein and Winter4 used a categorical
scale (excellent, good, fair, and poor) to assess compliance,
which was based on subjective patient feedback. Wiley et al10
divided compliance into three groups: full-time compliant,
part-time compliant, and noncompliant.
Some of the limitations of the study were that all curve
patterns and prescribed times were grouped together. There
were a relatively small number of patients, which did not allow
grouping by level of risk, amount and level of curvature, gender, bone maturity, and prescribed regimen of hours.
Eight of the 34 children started their brace wear before
the compliance sensor was placed on the brace. We decided to
include these patients in the analysis by extrapolating over the
initial part of brace wear. Observation of the patients whose
entire compliance was recorded showed that compliance was
the same as overall compliance in the initial phase. That withstanding, we feel that a multicenter study using this monitor
may provide precise information on nonoperative treatment of

RESULTS
Results on overall compliance and its relation to age and
self-reported compliance are presented elsewhere.20 This paper
correlates curve progression to compliance during brace wear.
Data were divided into two groups, a group whose curves did
not progress more than 5 degrees between initial and final
brace use and another group whose curves progressed more
than 5 degrees. The compliance rate of the group whose curves
did not progress was 85 6 18.5%; that of the group whose
curves progressed was 62% 6 24.3% (Fig. 1). The Student
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FIGURE 1. Compliance rates of the group whose curves did not
progress and the group whose curves did progress.
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scoliosis and address questions on the timing, dose, and
duration of treatment. This is a starting point for further investigation into brace treatment based on scientific evidence.
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