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In defense of adolescents: They really do use
braces for the hours prescribed, if good help is
provided. Results from a prospective everyday
clinic cohort using thermobrace
Sabrina Donzelli1†, Fabio Zaina1† and Stefano Negrini2,3*†

Abstract

Background: The effectiveness of bracing relies on the quality of the brace, compliance of the patient, and some

disease factors. Patients and parents tend to overestimate adherence, so an objective assessment of compliance has

been developed through the use of heat sensors. In 2010 we started the everyday clinical use of a temperature

sensor, and the aim of this study is to present our initial results.

Methods: Population: A prospective cohort of 68 scoliosis patients that finished at least 4 months of brace treatment

on March 31, 2011: 48 at their first evaluation (79% females, age 14.2±2.4) and 20 already in treatment.

Treatment: Bracing (SPoRT concept); physiotherapic specific exercises (SEAS School); team approach according to the

SOSORT Bracing Management Guidelines.

Methods. A heat sensor, “Thermobrace” (TB), has been validated and applied to the brace. The real (measured by TB)

and referred (reported by the patient) compliances were calculated.

Statistics. The distribution was not normal, hence median and 95% interval confidence (IC95) and non-parametric tests

had to be used.

Results: Average TB use: 5.5±1.5 months. Brace prescription was 23 hours/day (h/d) (IC95 18–23), with a referred

compliance of 100% (IC95 70.7-100%) and a real one of 91.7% (IC95 56.6-101.7%), corresponding to 20 h/d (IC95 11–23).

The more the brace was prescribed, the more compliant the patient was (94.8% in 23 h/d vs. 73.2% in 18 h/d, P< 0.05).

Sixty percent of the patients had at least 90% compliance, and 45% remained within 1 hour of what had been

prescribed. Non-wearing days were 0 (IC95 0–12.95), and involved 29% of patients.

Conclusion: This is the first study using a TB in a setting of respect for the SOSORT criteria for bracing, and it states that

it is possible to achieve a very good compliance, even with a full time prescription, and better than what was previously

reported (80% maximum). We hypothesize that the treating team (SOSORT criteria) plays a major role in our results. This

study suggests that compliance is neither due to the type of treatment only nor to the patient alone. According to our

experience, TB offers valuable insights and do not undermine the relationship with the patients.
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Introduction
The efficacy of bracing in the treatment of adolescent

idiopathic scoliosis is controversial. The recently pub-

lished Cochrane review [1] stated that there is very low-

quality evidence in favor of the brace, suggesting that

patients’ choices should be informed in multidisciplinary

discussion and that compliance and the standard of bra-

cing must be considered. Some authors reported the

control of curve progression with bracing [2-10], while a

review by Dolan of the English literature, published in

2007 [11], found no advantage of bracing over observa-

tion in terms of surgical rate. However, the author

elected to exclude from the review the studies with the

combined approach of bracing and exercises, where the

results appear to be good [1,6,7].

Compliance is a key element in the efficacy of brace

treatment, accompanied by other variables: brace effi-

cacy, but also spinal flexibility, curve type and magni-

tude, skeletal maturity, and others [12-14]. Compliance

is one of the key elements behind the Recommendations

on Bracing Management established by the Society on

Scoliosis Orthopedic and Rehabilitation Treatment

(SOSORT) in 2008 [15], as reported also in the 2011

SOSORT Guidelines: Orthopaedic and Rehabilitation

Treatment of Idiopathic Scoliosis During Growth [16].

According to some published results, in patients at risk it

is possible to avoid surgery through bracing: by respecting

the SOSORT criteria and focusing on compliance, a

complete, conservative treatment based on bracing and

exercises produced results, according to the SRS criteria,

far exceeding what has been reported previously [3-5,8,9].

Compliance could well be one of the main reasons for the

differences of efficacy reported in the literature.

Previous studies have used either questionnaires or verbal

reports to determine compliance [17,18], but the number of

hours reported was subjective and difficult to verify. A study

by Morton [19] demonstrated, by comparing the prediction

and estimation of adherence to the objective data on com-

pliance monitoring, that the prediction of future adherence

to brace treatment is difficult and error-prone. The unreli-

ability of estimates of compliance with brace treatment

brings into question the validity of unmonitored studies of

brace treatment for scoliosis. Consequently, several groups

have developed objective compliance measures [20-27]. The

measures of compliance reported using different types of

data loggers, which varied among the studies from 65% to

78%, [12,21-27] with studies documenting compliance as

low as 33% [20] and 47% [19].

Some authors published results concerning the rela-

tionship between the measured number of hours of

brace wear and the control of curve progression. Katz

[26] showed that the patients with the highest percentage

of compliance to the hours prescribed had less curve pro-

gression. Takemitsu and Rahman [23] stated that patients

with greater than 90% compliance were five times more

likely to have a favorable outcome than those with less

than 90%.

Considering what has been found in previous studies,

we started an everyday application in our clinical setting

with full respect for the SOSORT criteria for bracing man-

agement [15] of an objective brace temperature measure-

ment system we called “Thermobrace” (TB). The objective

of the study is to verify whether, in specific settings that re-

spect the SOSORT criteria [15], it is possible to achieve

good compliance close to that declared by the patients.

The secondary objective is to assess whether the use of

this device could be useful not only for research but also

for everyday clinical practice.

Material and methods
Design

This is a prospective cohort observational uncontrolled

study focusing on everyday clinical use of a heat sensor

(TB) to check compliance in patients braced for spinal

deformities.

Methods

At brace prescription, if the physicians deemed it to be

appropriate during the consultation, the patients’ families

have been asked whether they wanted to check the com-

pliance of their children to treatment through TB for

clinical purposes: If this was the case, they had to buy

TB, thus confirming their adherence to the project. TB

was then applied by the orthotist during brace construc-

tion and the data was read by the treating physician at

the next clinical evaluation. All parents of participating

patients signed a consent form for clinical research. Be-

cause it was our institute’s first experience with the clin-

ical introduction of the TB, some caution was applied at

the beginning by the prescribing physicians, primarily for

the purpose of avoiding any interference with a good

physician-patient-family relationship. [27] Consequently,

at the start it was proposed as complimentary (i.e. the

patients and family had to decide if they want to buy it),

and mainly to patients already in treatment who were

showing problems in the use of the brace. Subsequently,

it was also proposed as complimentary to the patients at

their first evaluation at our institute, but not to all of

them. At that time we did not have a real rule for inclu-

sion/exclusion of the patients: exclusion were done only

basing on factors like difficulties of patient/family/phys-

ician relationship of any kind; delays that precluded to

have time to discuss also the choice of using TB or not;

families who were arbitrarily thought that could have had

economic problems; and so on. Only recently, following

the results of this study and the clinical perception of its

utility, it has become a standard clinical procedure in our

institute (i.e., prescribed to all patients). Consequently, the
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prescription of the TB gradually increased with time, but

with caution until the first TB results were received, in

order to have time to check them as well as the possible

consequent difficulties in managing patients. After this test

period we began to understand that the regular use of this

device should enrich our activity: that’s why we start the

standard prescription of Thermobrace.

Patients

We report here on all the first patients who consecu-

tively accepted the voluntary use of the TB for the clin-

ical evaluation of brace usage. Sixty-eight adolescent

idiopathic scoliosis (93%) or hyperkyphosis (7%) patients

with brace prescriptions were recruited during our every-

day clinical activity. There were 53 females, 15 males; the

mean age was 14 years 6 months ± 2 years 3 months;

scoliosis patients had maximum curvature of 41.4 ± 10.5

Cobb degrees at the start of treatment. In Table 1 the

characteristics of these sub-groups are reported. All the

study has been carried out with respect to the first

group, while the second was used only to check whether

referred compliance changed after starting the use of the

TB.

Since this is an observational study of clinical everyday

behaviors, it did not require approval of an ethics com-

mittee. All patients included in this study signed an

informed consent to clinical data management for re-

search purposes.

Temperature data monitor

To measure the actual brace wear, we used a commercially

available heat-sensor device called the “iButton™ DS1922L-

F5#” (http://www.maxim-ic.com/datasheet/index.mvp/id/

4088/t/al) (Maxim Integrated Products, Inc.; 120 San

Gabriel Drive, Sunnyvale, CA 94086), which we called for

this specific use “Thermobrace” (Figure 1). It is a small

temperature data logger to be installed within each orth-

osis (Figure 2) constituted by a heat sensor, a battery and a

memory. The sensor is meant to measure the brace

temperature, and it is not placed in contact with the

patient but within a pressure pad in the brace. Recently a

reliability study has been published on this specific instru-

ment [28].

Preliminary validation trial

Before starting the clinical application we performed a

preliminary validation trial involving 5 female patients:

They all had adolescent idiopathic scoliosis (range 35-53°

Cobb), were recruited on a voluntary basis, and had been

in brace treatment for more than 2 years. Two of them

were already known for having bad referred compliance,

while 3 had very good referred compliance. Since before

this study we were not using any monitoring device, the

only type of compliance we already knew of these

patients was what they referred when inquired in front

of their parents. Referred compliance has been shown to

underestimate the real brace wearing [19].

We required all these patients to register on a data sheet

each time they put on the brace or took it off, and we

compared this data with that registered by the TB. We

considered their data sheets as the golden standard refer-

ence to validate TB measurements. In fact, the data sheets

were completely different from referred compliance: pupils

Table 1 Characteristic of the two studied groups

Patients at first brace
prescription

Patients
already
braced

P

Number 48 20 -

Age 14.06 ± 1.12 14.06 ± 2.09 NS

Gender
Males 10 5 NS

Females 38 15

Cobb
pre-bracing

Average 36.8 ± 10.6 32.7 ± 10.4 NA

Proximal
thoracic

28.5 ± 12.1 19.0*

Thoracic 40.3 ± 10.3 36.3 ± 16.5

Thoraco-
lumbar

36.2 ± 11.2 31.7 ± 6.7

Lumbar 30.7 ± 14.2 44.0 ± 19.7

Cobb
at evaluation

Average 30.3 ± 4.0 31.6 ± 15.2 NA

Proximal
thoracic

23.8 ± 7.3 19.3*

Thoracic 34.0 ± 12.6 34.4 ± 15.7

Thoraco-
lumbar

30.6 ± 9.8 23.0 ± 10.8

Lumbar 30.1 ± 18.2 36.4 ± 15.3

Risser test
pre-bracing

1.9 ± 1.9 0 ± 1.22 <0.05

Risser test
at start
of this study

2.6 ± 1.3 1.2 ± 1.5 NS

Curve type Single thoracic 11 1 NA

Single
thoracolumbar

2 0

Single lumbar 2 1

Double
thoracic-lumbar

17 8

Moe 8 6

Others 8 4

Brace
prescribed

Sforzesco 42 16 NS

Sibilla 3 4

Lapadula 3 0

Hours
prescribed

23 h/day 35 7 <0.05

18–22 h/day 7 4

8–17 h/day 7 10

Characteristic of the two studied groups. NS: not significant; NA: not

applicable. *: only one patient.
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had to fill in them during the day reporting exactly not the

time of brace wearing, but the hour and minutes of the

day so that calculation could be made by us afterwards.

Moreover, patients did know that what we were searching

for was the validity of the instrument and not their own

compliance. Parents were asked not to check this data

sheet, and we guaranteed we would have not used them to

check their compliance (what we did, in fact). Finally, they

had to perform this validation for one month, while the

period of observation for their treatment was six months

(so detaching compliance to therapy from the observation

period of the pilot study).

The preliminary trial lasted 27.5 days (full memory): The

TB showed good precision, with a difference between real

and registered data ranging from 0 to 7.7% (Table 2). The

two patients with the worst results were the non-compliant

and had frequent brace on/off cycles. However, when the

brace was worn regularly the reliability of the TB was very

good (range 0–0.4% in compliant).

In the choice of the final time-span between each single

measurement, we had to make a compromise. In fact,

ideally the best solution would have been to measure

temperature every minute, but there were memory limita-

tion for an everyday clinical usage where patients are usu-

ally seen every 4 to 6 months (with some of them, usually

low compliant, not coming back before 8–10 months). In

fact, the more memory we used, the higher the costs of

the device, and to let patients freely buy it we had to

Figure 2 Placement of the Thermobrace in a Sforzesco brace.

Example of placement of the Thermobrace in a Sforzesco brace

worn by a patient included in the study.

Table 2 Results of the preliminary validation trial

Questionnaire Thermobrace Difference

Hours of bracing registered Hours of bracing calculated Hours

Total Per day Total Per day Total %

Patient 1 compliant 599 21.8 597 21.7 2 0.40

Patient 2 compliant 444 16.3 444 16.3 0 0

Patient 3 non-compliant 320 11.8 277 10.2 42 6.49

Patient 4 compliant 426 15.5 429 15.6 3 0.40

Patient 5 non-compliant 531 19.4 480 17.5 51 7.70

Data from the preliminary trial that showed good precision of the heat sensor used.

Figure 1 The heat-sensor device used in this study:

“Thermobrace”. The heat-sensor device used in this study, “iButton™

DS1922L-F5#” (http://www.maxim-ic.com/datasheet/index.mvp/id/

4088/t/al) (Maxim Integrated Products, Inc.; 120 San Gabriel Drive

Sunnyvale, CA 94086), which we called “Thermobrace” for this

specific use.
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maintain this costs below 80–100 Euros, a threshold that

was established after a preliminary informal inquiry with a

number of patients. As a consequence, based on the

recorded data (every 20 minutes) we checked the mini-

mum time-span in order to discern the real use of the

brace without losing precision between two clinical evalua-

tions. After this trial we concluded that the TB was reliable

and it was possible to sample the temperature every 60

minutes, thus optimizing the memory with good-quality

data. It was also decided to develop a reliability test for

clinical purposes, as explained below.

Reading software

A specific software program with which to elaborate the

data has been developed and is now freely available on-

line (http://www.scoliosismanager.org/thermobrace). To

determine whether a sample corresponds to the brace

being worn/not worn, it uses the following algorithm:

1) Evaluating all the temperature samples collected,

AvMax and AvMin are defined as the average value

of the 100 highest and lowest samples

2) The average Av is defined as the average between

AvMax and AvMin;

3) The monthly moving average AvHight is defined as

the average of values over Av from 15 days before to

15 days after sample “t” (i.e., the actual temperature

that we are interested in defining as “brace worn” or

“brace not-worn”); moving average values are

necessary to take into account global temperature

variations due to seasons (winter, summer, etc.)

4) The moving average AvLowt is defined as the

average of values under Av from 15 days before to

15 days after sample “t”

After the calculation of those parameters, the samples

are evaluated with consideration for the following:

� The samples over AvHight: brace worn

� The samples below AvLowt: brace not worn

� For the other samples: Looking at previous and

subsequent samples, evaluation of the phase (brace

dressing/undressing) to assign the value worn/not

worn.

This method is sometimes not reliable with patients

wearing braces 23 h/d. If the sampling period is too short

(less than 3 months) or if the patient wears the brace all

day with the exception of 20–30 minutes a day (which

some of them do), the lower samples are not sufficient

to reliably define the thresholds. This is why we defined

the reliability index, to make the physician aware of po-

tential problems. The reliability index evaluates many

parameters, like the number of transitions brace on/

brace off; degrees of interval between high threshold

(brace certainly worn) and low threshold (brace certainly

not worn); and number of samples. The index defines

the reliability of the calculation of the threshold between

brace worn/not worn (e.g., a patient who puts on or

removes his/her brace many times during the day

reduces the reliability).

Moreover, we defined another experimental calculation

method: after collecting data of more than 50 patients, in

different seasons (winter, summer), they were evaluated

to find the mean thresholds of brace worn/not worn in

their samples. We identified the thresholds as 28° (brace

worn) and 25° (brace not worn). This second method

simply assigned the samples with respect to those values.

In this specific study the data reliability was 84.0%

(IC95 46.1-100) for the first of the two processing meth-

ods, versus 82.2% (IC95 39.4-100) for the second, thus

indicating a statistically significant difference. Only 10

patients had better reliability results with the second

method. In this study we consider only the most reliable

data-processing method obtained in each single case (re-

liability: 84.3%; IC 95 46.1-100).

This specific software has been integrated with our

clinical system (www.scoliosismanager.org). Today it

allows clinicians to systematically access the following

data:

� Reliability of data (Figure 3a)

� Average wearing time versus prescription

(Figure 3a)

� Graph of the average wearing time per month

(Figure 3a)

� Graph of the average wearing time per hour of the

day (Figure 3a)

� Graph of the average wearing time per day of the

week (Figure 3b)

� Graph of the number of days in which the brace was

worn for a specific number of hours (Figure 3b))

� Anomalous days (Figure 3b))

� Graph of number of transitions brace on/brace off

per day (Figure 3b)

� Graph of raw data (Figure 3b)

Reliability of thermobrace and temperature effects in

different seasons

Environmental clime and temperature didn’t seem to

affect data recorded by the heat sensor. This is a very

challenging question and, due to reviewers suggestions,

we analyzed our data in the attempt to investigate this

possibility. So in a wider group of 312 patients (obtained

in February 2012, after the original study was performed)

we collected the moving mean obtained by the TB, for

the high and low threshold in each months of the year.

We looked for the hottest period of the year and we

compared the average temperature per hour of the day

with the mean brace wearing time per hour of the day in

the same month. Moreover, we compared the mean

moving average obtained from the TB in a city of the

North of Italy with one in the South, as well as the
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Figure 3 Example of patient compliance data. Screenshots of the specially developed software for everyday use (freely usable in Internet:

http://www.scoliosismanager.org/thermobrace) with an example of patient compliance data. a: Reliability data, time of use, compliance (in red)

and comparison with last prescription; graph of average use per month; graph of average use per hour of the day. b: on the left: graph of

average use per day of the week; graph of number of days per daily hours of use; exceptions (i.e., day of use very different from the others). On

the right: graph of daily transitions (i.e. brace on/off cycles) and raw data.
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hottest temperatures in the same period in these two

towns: the trend was similar. The Figure 4 A and B

shows the mean temperature per months of the year and

the comparison of temperatures in Milan (North) and in

Messina (South).

In the hottest period of the year (August) the wearing

threshold has been passed for 208 hours, the worst pos-

sible effect is that a patient with a prescription of 23

hours per day, after a monitoring period of six months,

may show a wearing time of 23 hours per day, measured
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Figure 4 Clime temperature and comparison among environmental temperature in the north and in the south of Italy. The upper graph

shows that the hottest period of the year was during the month of August, in the lower part the graph shows that the trendo of temeprature in

Milan and in Messina were very similar.
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by Thermobrace, while the real wearing time being of

21.8 hours per day. This is the worst possible case and

the overestimation is quite little.

An additional indirect analysis can be done by check-

ing the changes in wearing rates between the months of

August and the nearest months (July and September): on

average in August (the hottest month of the year), the

brace has been worn 28 minutes more than in July (this

could be an overestimation effect of the external

temperature), but also 1 hour and 20 minutes fewer than

in September (and this is in contradiction, since in Italy

in September the temperature is considerably reduced

when compared to August). Moreover, we have to con-

sider that during summer people goes on holiday and

have journeys, these differences are not significant and

cannot be justified only by the hot weather.

Finally, with respect to the external weather, braces are

used mainly at home, and in Italy most of the houses

have air conditioning, so greatly limiting this possible,

theoretic overestimation effect.

Compliance

We considered two different types of compliance:

� Referred compliance: The ratio of brace wear time

reported by the patient as to the prescribed brace

regimen;

� Real compliance: The ratio of brace wear time

measured with the TB as to the prescribed brace

regimen.

To calculate compliance, we considered the total

amount of hours of brace-wearing from the brace check

(TB mounting) to the first clinical follow-up (data

discharge).

Treatment

All patients have been treated with braces following the

SPoRT principles [3,4,29-31]: Sforzesco, Sibilla or Lapa-

dula. The acronym “SPoRT” means “Symmetric, Patient-

oriented, Rigid, Three-dimensional, active” and has been

defined because these braces are designed to be as much

as possible bodily shaped and adherent (Figure 2) so as

to be easily masked underneath clothing; moreover, these

braces allow complete movement with the limbs so as to

permit sports activities, which are frankly encouraged

[32]. All the patients also performed exercises according

to the SEAS principles [4,33-35].

The setting in which treatment has been proposed ful-

filled all the requirements of the SOSORT Braced

Patients Management Guidelines: answering to the spe-

cific questionnaire reported in the paper [15], Excellent

Results have been obtained, with 43 out of 44 criteria

respected; 1 being not applicable. Accordingly, the

patients have been followed by a highly trained team fo-

cused on maximizing compliance and minimizing the

Quality of Life and psychological impacts of brace treat-

ment [36].

Statistics

Because the normal distribution was almost never veri-

fied (Wilk-Shapiro test), we used median and 95% inter-

val of confidence (IC95) to describe data, as well as

non-parametric tests (Kruskal-Wallis, Wilcoxon and

Kolmogorov-Smirnov). When the normal distribution

was verified we used average, standard deviation and

parametric tests (ANOVA and t-test). The statistical

significance has been set at p< 0.05.

Results
TB usage lasted an average of 5.5 ± 1.5 months, with no

statistical differences between the groups. In the main

group (first prescription of a brace) the brace had been

prescribed 23 hours/day (h/d) (range 18–23); patients re-

ferred to wearing the brace for a median of 23 h/d (IC95

14.7-23) (100% referred compliance; IC95 70.7-100), but

the measured wearing time was 21 h/d (IC95 11–23)

with a 91.7% real compliance (IC95 56.6-100) (Table 3).

In the second group of patients already wearing a

brace before the study, TB usage motivated an increase

of referred compliance when compared to that before

wearing the TB (even if not statistically significant), while

both referred and measured compliance corresponded to

those of the main group (Table 4).

Real compliance was high, despite being overestimated by

patients and their parents (referred compliance) (Figure 5).

Nearly 45% of patients remained in the range of 1 hour

from what was prescribed, while the figure was 55% based

on their own referred compliance (Figure 6); 60% of

patients had at least 90% compliance. In 56.2% of the days

the patients remained approximately 2 hours from what

was prescribed, while there was a median of non-wearing

days during the assessment period of 0 (IC95 0–12.95),

which involved 29.2% of patients (8.3% had only 1 non-

Table 3 Compliance and brace prescription in the two

main groups studied

First brace prescription Already in brace

Hours % Hours %

Referred compliance
before starting the study

93.1

(65.2-105.4)

Brace prescription 23 18

(18–23) (15.9-23)

Actual referred
compliance

23 100 17 100

(14.7-23) (70.7-100) (13.9-23) (73.1-104.6)

Measured compliance 21 91.7 16.4 91.3

(11–23) (56.6-101.7) (11.2-22.2) (56.8-112.3)

Compliance and brace prescription in the two main groups studied. The

reported data are median and 95% interval of confidence.
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wearing day) (Table 3). We found no difference in compli-

ance based on gender, while brace prescription had an influ-

ence: the more hours were prescribed, the higher the

compliance was (94.8% in the group 23 h/d vs. 73.2% in the

group 18 h/d) (P< 0.05) (Table 4).

The maximum brace wear (92%) was reached during

the night, while the minimum (64%) was in the after-

noon and evening (Table 5). No statistically significant

differences were observed during the months, even if in

single patients some differences could be seen (Figure 7)

(patients with more than one TB check). There were no

differences between weekdays and weekends; on the con-

trary, it was possible to identify one best and one worst

day of the week in 37.5% of patients (a difference of at

least 1 hour from the average), and the difference of 1.9

hours between the two was statistically significant, as

shown in Table 6.

Discussion
According to these results, as obtained using TB con-

secutively in an everyday clinical setting for more than

5 months, it is possible to achieve very good compliance

(91.7%) even if it is lower than what is referred by

patients. In this respect we cannot really know how

much of what patients refer is driven by their own in-

accurate perception or how much is due to deceptive-

ness. In our study the patients wore the brace for a

median of 21 hours per day, with 45% who remained at a

maximum of 1 hour from what was prescribed. While

there was no difference based on gender, interestingly

Hours of bracing: prescribed vs performed
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Figure 5 The real compliance was high, even if frequently overestimated by patients and their parents.

Table 4 Everyday use of the brace versus prescription

Percentage of considered days

At least 3 hours more 13.5 (0–29.8)

1-2 hours more 17.3 (0.9-53.6)

61.6 (4.3-99.6)Prescription 17.7 (0.6-48.2)

1-2 hours less 21.9 (2.3-53.9)

At least 3 hours less 38.0 (4.3-99.6)

No wearing 1.9 (0–6.6)

Percentage of the days considered in which patients maintained the

prescribed hours, or changed according to what reported in each line. In

56.2% of the days patients remained around 2 hours from what was

prescribed, while non-wearing days during assessment period were 2.1% of

the total. The reported data are median and 95% interval of confidence.
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the patients with the highest prescription (23 h/d) used

the brace more than those with the lowest (18 h/d).

Since it is very hard to compare results from compliance

monitors, there are some more points of clarification

worthy of mention: it is unusual to report on median

points of data rather than average. This is the correct stat-

istical representation of our data because of the abnormal

distribution, which is represented in Figure 8; in fact in

cases like this the use of average and standard deviation

leads to misunderstanding of data and in this specific case

to an important underestimation (−8%) of the wearing

time.

We are aware of the limits of this study and we know

that comparison of our results with previous published

data is quite uneasy, because few studies have been

published and they used different types of compliance

monitors; moreover, each research had different aim and

modalities; anyway, results of previous studies are shown

in Table 7, with the only aim to arise some interesting

issues for further considerations.

Our data suggest us that our patients show a higher

compliance to bracing, if compared to what previously

reported:

Difference of hours of bracing

Figure 6 Hours of difference from what was prescribed and what was referred by patients. Graph reporting the hours of difference from

what was prescribed and what was referred by patients. In green the best range (0–1 hours difference), in yellow an almost acceptable (2–3 hours

difference), in red the not acceptable (4 or more hours of difference). Nearly 45% of patients remained in the range of 1 hour from what was

prescribed and 55% based on what they referred.

Table 5 Results in the subgroups considered: gender and

prescribed hours per day

Gender Hours/day

Males Females 23 21-22 18

Referred
compliance

% 100 100 100 100 100

(63.5-100) (81.9-100) (81.1-100) (52.2-100) (73.3-111.7)

P NS NS

Measured
compliance

%
89.6 93.6 94.8 86.5 73.2

(55.7-101.8) (55.8-101.8) (56.2-101.8) (55.6-99.7) (28.4-98.7)

P < 0.05

P NS NS

P < 0.05

We found no difference in compliance for gender, while brace prescription

had an influence: the more the hours prescribed, the higher the compliance.

The reported data are median and 95% interval of confidence.

Table 6 Average wearing time in hours found with the

Thermobrace

Per month

1st 21.5 (9.8-23.4)
2nd 21.3 (10.5-23.5)
3rd 20.7 (10.8-23.5)
4th 20.5 (12.1-23.5)

P NS

Per hour of the day

Night (0–7) 7.7 (4.9-8)

Morning (8–13) 5.4 (3.7-6)

Afternoon (14–19) 4.6 (3.7-6)

Evening (20–23) 3.2 (2.5-4)

P <0.05

Per day of the week

Best day 19.9 (12.3-23.5)

Worst day 18.0 (9.6-23.1)

P <0.05

During the week 20.6 (4.4-23.3)

Weekend 20.5 (4.5-23.3)

P NS

Maximum brace wear is reached during the night. Forty-three percent of

patients showed a best and a worst day of the week (a difference of at least 2

hours of brace-wearing), with a statistically significant difference. The reported

data are median and 95% interval of confidence.
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� The best real average compliance previously

reported was 78% [22], other authors reported

different ranges of compliance with exceptions down

to 33% [20] and 47% [19]. In a couple of study a

maximum of 90% [12] and 97% [24] have been

reported, while the median obtained in this study

was 91.7%;

� It has been reported that no patients reached the

recommended 23 h/d [24], and that 18 h/d was the

maximum [26]: in our study 23 h/d was the median

of real brace-wearing.

� It has also been stated that patients with the

prescription of 23 hours per day didn’t wear the

brace for more hours than those with 16 hours of

prescription [26], while in this study the best users

were in the 23 h/d group;

� Overestimation of real compliance has been

reported, [12,19,20] which also corresponds to our

findings.

It would be very interesting to understand what kind

of factors could affect results and what elements could

determine the differences obtained in all studies: the

management of patients and the type of brace could be

the two main items in our opinion.

Management of patients has received significant atten-

tion in the literature only recently, when everyday clinical

experience made the experts of conservative treatment of

SOSORT to develop some criteria to be respected during

treatment [15,16]. In fact, these same experts did not find

common pathways in brace construction [29,38-43], but

only in the way they managed patients, so driving presum-

ably their adherence to treatment [15,16]. In our everyday

setting, the team construction is reality, and we devote a

lot of efforts to cognitive behavioral techniques to increase

compliance (and patients’ quality of life). From our per-

spective, this can certainly explain the results we found

[44].

Together with management could come the type of

brace. In fact, while the number of hours of prescription

and the construction of the brace certainly affect, on one

side, the final results, due to the specific quality of the spe-

cific orthosis [38-40,42], they can also influence adherence

to treatment due to visibility, symmetricality and other

Patients with two Thermobrace checks

Months of treatment
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Figure 7 Patients with more than two checks through Thermobrace. Patients with more than two checks through Thermobrace (two clinical

evaluations almost every 6 months): If some differences can be seen, there were no statistically significant differences during the months in the

general population. Single patients tend to maintain the same compliance rate, with a few exceptions.
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factors [36,41,44]. Comparing our results to the compli-

ance previously shown, we can imagine that the braces

used in the present setting influenced the results; in fact,

they belong to the SPoRT family (Symmetric, Patient-

oriented, Rigid, Three-dimensional, active) [29] and, due to

their external symmetry, which allows them to be easily

masked beneath clothing, could help patients and contrib-

ute to compliance.

Nevertheless we have also to consider that in three

out of the 10 papers considered in Table 7, the brace

type is defined, Willmington brace [22,37] and Boston

[26]. Both braces are symmetric and low visible. Con-

trary, in some of the papers reporting good end

results [6,8,13], which would not be possible with bad

compliance (not compliant patients were not excluded),

the used brace was the Chêneau type brace, which is, by

definition, an asymmetric brace producing usually postural

over-correction. This demonstrate how some teams using

Chêneau type braces are also able to achieve high compli-

ance in their patients, no matter how asymmetric and vis-

ible is the brace. A possible conclusion is that, no matter

the type of brace, it will produce a certain amount of phys-

ical and/or functional discomfort, which will produce sec-

ondarily ‘emotional discomfort’. Thus, try to make the

brace more comfortable from the physical and functional

point of view is a valid strategy. However, ‘emotionally dis-

comfort’ is probably also primarily produced by other differ-

ent factors, acting even before the patient is able to

recognize any ‘physical and/or functional’ distress. While

this, let us call it, primary ‘emotional discomfort’ persists,

patients will find always a reason for a low compliance,

complaining about physical and/or functional discomfort.

Once ‘emotional discomfort’ decreases (different strategies

can be used to capture emotionally patients and their par-

ents), ‘physical and functional discomfort’ can be at the same

time reduced and overcame, improving compliance. Thus,

team approach can make theoretically any brace type to be

wearable or not wearable. All these considerations leads to

a possible conclusion, that the type of brace can matter, but

the correct management of patients matter much more

[15,44].

The difference reported in the literature in regard to

compliance with bracing appears too similar to the dif-

ferences found and reported in terms of the efficacy of

bracing not to be correlated in some way. In fact, while

previous studies demonstrated the efficacy of the conser-

vative treatment of adolescent idiopathic scoliosis

[1,2,4,5,8,9,45], others did not [11,46]. It is clearly pos-

sible that the difference is found in compliance: without

an objective measurement of it, all the negative results

remain questionable, since it is not possible to know

what determined them. Compliance to treatment there-

fore represents one of the main conditions for the suc-

cess of brace therapy: An orthosis cannot be effective

unless it is both accepted and worn.

There are many reasons for which it is difficult to wear

a brace: first of all, we are talking about teenagers, and it

is difficult for a teenager to evaluate the long-term

Patients
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Figure 8 Histogram of the compliance percentages. This graph illustrate the compliance of each patient. Since we find a not normal

distribution and data were positively skewed, in statistical terms the median represents more correctly than the average our results.
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Table 7 Literature compliance results

Author Aim Patients Compliance results

Vandal 1999 [20] To report the observed
difference between two
measures of compliance:

interview and a compliometer.

40 female patients
with AIS aged
10–16 years

Compliance measured
with interview: 82.5%,
compliometer: average

compliance 33%

Havey 2002 [21] To develop and test the
reliability of a device

(pressure sensor) for the
objective measurement of
spinal orthosis wearing time.

9 normal volunteers Compliance with brace-
wearing can be accurately
measured by an electronic
device embedded in the

orthosis.

Nicholson 2003 [12] To develop
instrumentation for
discrete, reliable and

objective measurement of
brace usage patterns.

10 female pts with
AIS (mean age 15)

Effective compliance:
65% (range 8%-90%)
patients generally

overestimated their time in
brace.

Takemitsu 2004 [23] To evaluate objectively
idiopathic scoliosis

patients’ compliance with
Wilmington brace treatment.

61 pts with AIS
(mean age 12 range

6–16 years)

Average compliance was
75%, age related.

Rahman 2005 [22] To evaluate the efficacy
of brace treatment

prospectively using an
objective measure of compliance.

34 pts average age
12 (range 10–16 years)

The compliance rate of the
group whose curvatures
did not progress was 85+
−18,5%; that of the group

whose curvatures
progressed was 62 +−24,3%.

Helfenstein 2006 [24] To establish new technical
methods for the objective

measurement of brace usage without
patients’ involvement.

9 female patients with AIS 68% range 19%- 97%. No
patient reached the

recommended 23-hour
bracing.

Morton 2008 [19] Testing prediction
and estimation of adherence
compared to the objective
measures of compliance.

124 pts with AIS Actual average of
adherence was 47%.
Physicians, orthotists,
parents and patients

respectively overestimated
brace wear as 64%, 66%,

72% and 75%.

Rahman 2010 [37] To demonstrate the
efficacy of using a new

electronic brace
compliance monitor.

10 AIS pts in
Wilmington brace

treatment

Patient compliance 78%.
The cricket is a reliable
accurate and sensitive
device to determine

compliance.

Katz 2010 [26] To measure accurately the
number of hours of brace
to determine if increased
wear correlate with lack

of progression.

100 pts in Boston
brace therapy for

AIS

the total number of hours
of brace wear in patients
who didn’t undergo
surgery had a mean

compliance of 42.4% a
mean compliance of
24.4% in the group of
patients needing for
surgical treatment..

Muller 2011 [27] To objectify the impact
of spinal bracing on daily
step activity in AIS and
adolescent kyphosis
patients receiving

conservative treatment
with CTM brace and a

kyphosis brace.

38 AIS patients and
10 AK patients
using an ankle
monitor for

recording gait cycles
and a temperature
sensor to determine
brace wear time.

The overall compliance
rate was 72.7 +− 27.6%,
based on the 23-hour
recommended wearing

time.

Literature compliance results. AIS: Adolescent Idiopathic Scoliosis.
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impact of non-compliant behavior [47]. Braces are often

perceived as a threat to body image; and braces are vis-

ible to the others, has a negative impact on the percep-

tion of themselves in adolescence [16,47-51]. The

relationship with the adolescent entourage and the atti-

tude of close friends and relatives are particularly signifi-

cant to adolescents. It has been demonstrated that the lack

of symptoms associated with scoliosis and treatment-

induced pain are detrimental to compliance [44,52]. If we

think that a diabetic teenager is more likely to adhere to

treatment than a teenager affected by scoliosis, everything

becomes clearer.

The data was downloaded at each follow-up visit–usually

everysixmonths–sotheaveragemonitoringperiodwassuffi-

ciently long compared to some of the previous studies (but

reduced when compared to others) [26]. For a small number

ofpatients itwaspossible tocollectmore thanonedownload:

The data wasn’t sufficient to define a trend, but it seems that

adherence to the wearing recommendation didn’t decline

over time, as some might suppose. In that respect, also the

managementofpatients followed inour institute,wherewith

growth the hours of wear are progressively decreased

[3,29,36], couldhelp tomaintaincomplianceover time (if not

increase it). In thissmallgroupofpatientswe foundthatcom-

pliance didn’t change during treatment (Figure 7): Patients

with low compliance remained so, and patients with compli-

anceof90%ormoremaintainedtheselevelsofadherence.

The possible limitations of the present study include

the awareness of the patients of the presence of the

TB, which might have affected patients’ compliance:

nevertheless, if one thinks of what wearing plastic

means, this seems the less important of the problems.

In fact, we had not-compliant patients, even in front of

the TB objective report. In any case, with this study

we wanted also to test the use of the TB in routine

clinical activity. Because of this, and because of ethical

issues, patients and family had to be informed about

the use of this device and had to accept it. Another

limit is the possible selection bias, since not all

patients have been included due to the experimental

start of everyday clinical use. This should be overcome

in the future with stricter studies.

Other limits of this study are the heterogeneous sam-

ple of patients analized and the little average period of

monitoring (5.5 months). This study would be signifi-

cantly strengthened by removing the subjects that were

selectively enrolled after treatment had already begun:

nevertheless, this was done in all main analysis.

Someone should advocate that also the quality of brace

wearing is important: in fact, wearing a spinal orthosis

only does not mean giving an effective treatment to the

patients with AIS, until the orthosis prescribed tightness

is maintained. Future research should question not only

quantity but also real quality of treatment, by using also

biomechanical monitor measuring forces produced within

the brace.

Making this considerations we must remember that

scoliosis treament best results are done of different ele-

ments: exercises, braces, team approach . . . So quality

should be represented by end of growth results as the

optimal interaction of all these elements.

Comments on the everyday clinical use of thermobrace

Muller [53] in a recent study questioned the use of a TB

in the everyday clinical practice, concluding that it is not

to be recommended because patients might feel wary

and the mutual trust needed for the confidential patient-

doctor relationship might be negatively affected by the

use of objective checking tools. According to these

premises, and due to the same fear, we were very cau-

tious at the beginning: The TB was presented to patients

and family as a useful device with which to optimize the

efficacy of therapy, explaining the importance of wearing

a brace and of knowing the real wearing time to ensure

adequate therapy with respect to the results actually

obtained. When receiving patients, all the particulars

offered by the software allowed a deepening of the real

everyday use, making it possible, for example, to check

for less compliant days of the week or for specific

periods of not wearing, for daily transitions (brace on/off

cycle) and so on. Consequently, we discovered that,

when well used, the TB strengthens the patient-physician

relationship through a frank discussion of real data,

avoiding guesses that are sometimes totally wrong. Those

guesses, if wrong, can really undermine a good relation-

ship. Our experience has been that the use of the TB can

contribute to the good results of therapy and become an

integral part of the treatment.

Given the objective measurement of compliance, a reli-

able profile of compliers and non-compliers can be

established so as to allow tailored treatment protocols

and educational and supportive efforts to improve com-

pliance. The use of the TB in the group of patients who

had already started brace therapy had, as its main object-

ive, the goal of facilitating the physician’s clinical choices:

When a brace is not correctly used it is very difficult to

dose the therapy adequately. In this group of patients,

probably TB has been better accepted by parents than

patients. In any case, the use of the TB didn’t have a nega-

tive effect on their compliance; on the contrary, after the

use of the TB the referred compliance increased.

Reliability of thermobrace

We developed an algorithm to cope with the seasonal

changes of temperature. However, we must consider that

the device may not be applicable to the regions with hot

weather, so we did a further analysis of the collected data
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looking for the different regions of our country: the com-

parison didn’t show significant differences.

We can’t deny that there is the possibility that in the

really worst case the hot weather could allow an overesti-

mation (although little) of real compliance, but it is a

very rare event and the fact that we use always statisti-

cally processed data decreases even more this risk. So

the problem potentially exists, and should be better

quantified with experimental studies in the future; on the

other hand, at our latitudes (continental climate) the

phenomenon appear for a limited period of the year,

such that the influence on the data does not appear to

affect results. The distribution of air conditioners and

the fact that during the hottest hour of the day people in

general, and patients wearing braces even more than the

others, prefer to stay at home or in cool places, where

the temperature is on average lower than outside, obvi-

ously contribute to limit this event.

Conclusion
Compliance is due neither to the type of treatment nor

to the patient alone. The SOSORT criteria for bracing

clearly state the importance of the treatment team in this

respect [15,16]. This was the first study to use a TB in a

setting that was respectful of the SOSORT criteria, and

shows a higher compliance to bracing than what was

previously reported.

It is possible not only to make the patient wear a brace,

even with a full-time prescription, but it is also possible to

have referred compliance that is close to the real compli-

ance. Although the contribute of an electronic device to

measure actual compliance is fundamental for research

purposes, in the everyday clinical setting the TB offers

valuable insight by which to increase compliance even fur-

ther and make treatment rely on real data. From that per-

spective the TB has become an integral part of the

treatment. According to our experience, an electronic de-

vice does not negatively affect the relationship between the

patient and the doctor.

This was a preliminary study, the results emphasize

the importance of further research with greater and

homogenous samples of consecutive patients. Longer

monitoring periods are needed, to better understand the

efficacy of brace treatment and to point out all factors

involved in the adolescent idiopathic scoliosis treatment.

The opportunity to measure real compliance by monitor-

ing all patients until the end of therapy, will allow a dee-

per analysis about the real efficacy of brace treatment.

Competing interests

The authors declare that they have no competing interests.

Authors' contributions

SD and SN collected data and drafted the text and figures; FZ revised and

accepted it, and contributed to the text and figures. All authors read and

accepted the final version of the manuscript

Author details
1ISICO (Italian Scientific Spine Institute), Via Bellarmino 13/1, 20141, Milan,

Italy. 2Physical and Rehabilitation Medicine, University of Brescia, Brescia, Italy.
3Care & Research Institute Don Gnocchi Foundation, Milan, Italy.

Received: 3 June 2011 Accepted: 29 April 2012

Published: 31 May 2012

References

1. Negrini S, Minozzi S, Bettany-Saltikov J, Zaina F, Chockalingam N, Grivas TB,

Kotwicki T, Maruyama T, Romano M, Vasiliadis ES: Braces for idiopathic

scoliosis in adolescents. Cochrane Database Syst Rev 2010, (1). CD006850.

2. Nachemson AL, Peterson LE: Effectiveness of treatment with a brace in

girls who have adolescent idiopathic scoliosis. A prospective, controlled

study based on data from the Brace Study of the Scoliosis Research

Society. J Bone Joint Surg Am 1995, 77(6):815–822.

3. Negrini S, Negrini F, Fusco C, Zaina F: Idiopathic scoliosis patients with

curves more than 45 Cobb degrees refusing surgery can be effectively

treated through bracing with curve improvements. Spine J 2011, .

4. Negrini S, Atanasio S, Fusco C, Zaina F: Effectiveness of complete

conservative treatment for adolescent idiopathic scoliosis (bracing and

exercises) based on SOSORT management criteria: results according to

the SRS criteria for bracing studies - SOSORT Award 2009 Winner.

Scoliosis 2009, 4:19.

5. Aulisa AG, Guzzanti V, Galli M, Perisano C, Falciglia F, Aulisa L: Treatment of

thoraco-lumbar curves in adolescent females affected by idiopathic

scoliosis with a progressive action short brace (PASB): assessment of

results according to the SRS committee on bracing and nonoperative

management standardization criteria. Scoliosis 2009, 4:21.

6. Rigo M, Reiter C, Weiss HR: Effect of conservative management on the

prevalence of surgery in patients with adolescent idiopathic scoliosis.

Pediatr Rehabil 2003, 6:(3–4)209–214.

7. Maruyama T, Kitagawa T, Takeshita K, Mochizuki K, Nakamura K:

Conservative treatment for adolescent idiopathic scoliosis: can it reduce

the incidence of surgical treatment? Pediatr Rehabil 2003, 6:(3–4)215–219.

8. Zaborowska-Sapeta K, Kowalski IM, Kotwicki T, Protasiewicz-Faldowska H,

Kiebzak W: Effectiveness of Cheneau brace treatment for idiopathic

scoliosis: prospective study in 79 patients followed to skeletal maturity.

Scoliosis 2011, 6(1):2.

9. Aulisa A, Guzzanti V, Perisano C, Falciglia F, Maggi G, Aulisa L: Treatment of

lumbar curves in adolescent females affected by idiopathic scoliosis with

a progressive action short brace (PASB): assessment of results according

to the SRS committee on bracing and nonoperative management

standardization criteria. Scoliosis 2012, 7(Suppl 1):O26.

10. Coillard C, Vachon V, Circo AB, Beausejour M, Rivard CH: Effectiveness of

the SpineCor brace based on the new standardized criteria proposed by

the scoliosis research society for adolescent idiopathic scoliosis. J Pediatr

Orthop 2007, 27(4):375–379.

11. Dolan LA, Weinstein SL: Surgical rates after observation and bracing for

adolescent idiopathic scoliosis: an evidence-based review. Spine 2007, 32

(19 Suppl):S91–S100.

12. Nicholson GP, Ferguson-Pell MW, Smith K, Edgar M, Morley T: The objective

measurement of spinal orthosis use for the treatment of adolescent

idiopathic scoliosis. Spine 2003, 28(19):2243–2250. discussion 2250–2241.

13. Landauer F, Wimmer C, Behensky H: Estimating the final outcome of brace

treatment for idiopathic thoracic scoliosis at 6-month follow-up. Pediatr

Rehabil 2003, 6(3–4):201–207.

14. Katz DE, Durrani AA: Factors that influence outcome in bracing large

curves in patients with adolescent idiopathic scoliosis. Spine 2001, 26

(21):2354–2361.

15. Negrini S, Grivas TB, Kotwicki T, Rigo M, Zaina F: Guidelines on

"Standards of management of idiopathic scoliosis with corrective

braces in everyday clinics and in clinical research": SOSORT

Consensus 2008. Scoliosis 2009, 4(1):2.

16. Negrini S, Aulisa AG, Aulisa L, Circo AB, de Mauroy JC, Durmala J, Grivas TB,

Knott P, Kotwicki T, Maruyama T, et al: 2011 SOSORT Guidelines:

Orthopaedic and Rehabilitation Treatment of Idiopathic Scoliosis During

Growth. Scoliosis 2011, 7(1):3.

17. DiRaimondo CV, Green NE: Brace-wear compliance in patients with

adolescent idiopathic scoliosis. J Pediatr Orthop 1988, 8(2):143–146.

Donzelli et al. Scoliosis 2012, 7:12 Page 15 of 16

http://www.scoliosisjournal.com/content/7/1/12



18. Wiley JW, Thomson JD, Mitchell TM, Smith BG, Banta JV: Effectiveness of

the boston brace in treatment of large curves in adolescent idiopathic

scoliosis. Spine 2000, 25(18):2326–2332.

19. Morton A, Riddle R, Buchanan R, Katz D, Birch J: Accuracy in the prediction

and estimation of adherence to bracewear before and during treatment

of adolescent idiopathic scoliosis. J Pediatr Orthop 2008, 28(3):336–341.

20. Vandal S, Rivard CH, Bradet R: Measuring the compliance behavior of

adolescents wearing orthopedic braces. Issues Compr Pediatr Nurs 1999, 22

(2–3):59–73.

21. Havey R, Gavin T, Patwardhan A, Pawelczak S, Ibrahim K, Andersson GB,

Lavender S: A reliable and accurate method for measuring orthosis

wearing time. Spine (Phila Pa 1976) 2002, 27(2):211–214.

22. Rahman T, Bowen JR, Takemitsu M, Scott C: The association between brace

compliance and outcome for patients with idiopathic scoliosis. J Pediatr

Orthop 2005, 25(4):420–422.

23. Takemitsu M, Bowen JR, Rahman T, Glutting JJ, Scott CB: Compliance

monitoring of brace treatment for patients with idiopathic scoliosis.

Spine 2004, 29(18):2070–2074. discussion 2074.

24. Helfenstein A, Lankes M, Ohlert K, Varoga D, Hahne HJ, Ulrich HW,

Hassenpflug J: The objective determination of compliance in treatment of

adolescent idiopathic scoliosis with spinal orthoses. Spine (Phila Pa 1976)

2006, 31(3):339–344.

25. Nicholson GP, Ferguson-Pell MW, Smith K, Edgar M, Morley T: Quantitative

measurement of spinal brace use and compliance in the treatment of

adolescent idiopathic scoliosis. Stud Health Technol Inform 2002, 91:372–377.

26. Katz DE, Herring JA, Browne RH, Kelly DM, Birch JG: Brace wear control of

curve progression in adolescent idiopathic scoliosis. J Bone Joint Surg Am

2010, 92(6):1343–1352.

27. Muller C, Fuchs K, Winter C, Rosenbaum D, Schmidt C, Bullmann V, Schulte

TL: Prospective evaluation of physical activity in patients with idiopathic

scoliosis or kyphosis receiving brace treatment. Eur Spine J 2011.

28. Benish BM, Smith KJ, Schwartz MH: Validation of a Miniature Thermochron

for Monitoring Thoracolumbosacral Orthosis Wear Time. Spine (Phila Pa

1976) 2011.

29. Negrini S, Marchini G, Tessadri F: "Brace technology" thematic series - The

Sforzesco and Sibilla braces, and the SPoRT (Symmetric, Patient oriented,

Rigid, Three-dimensional, active) concept. Scoliosis 2011, 6(1):8.

30. Negrini S, Atanasio S, Negrini F, Zaina F, Marchini G: The Sforzesco brace

can replace cast in the correction of adolescent idiopathic scoliosis: A

controlled prospective cohort study. Scoliosis 2008, 3(1):15.

31. Negrini S, Marchini G: Efficacy of the symmetric, patient-oriented, rigid,

three-dimensional, active (SPoRT) concept of bracing for scoliosis: a

prospective study of the Sforzesco versus Lyon brace. Eura Medicophys

2007, 43(2):171–181. discussion 183–174.

32. Romano M, Negrini S: Does bracing change the sport habits of patients ?

A controlled study. In 4th International Conference on Conservative

Management of Spinal Deformities: 13–16 May 2007 2007. Boston: SOSORT

(Society on Scoliosis Orthopaedic and Rehabilitation Treatment); 2007.

33. Zaina F, Negrini S, Atanasio S, Fusco C, Romano M, Negrini A: Specific

exercises performed in the period of brace weaning can avoid loss of

correction in Adolescent Idiopathic Scoliosis (AIS) patients: Winner of

SOSORT's 2008 Award for Best Clinical Paper. Scoliosis 2009, 4(1):8.

34. Negrini S, Negrini A, Romano M, Verzini N, Parzini S: A controlled

prospective study on the efficacy of SEAS.02 exercises in preventing

progression and bracing in mild idiopathic scoliosis. Stud Health Technol

Inform 2006, 123:523–526.

35. Negrini S, Negrini A, Romano M, Verzini N, Parzini S: A controlled

prospective study on the efficacy of SEAS.02 exercises in preparation to

bracing for idiopathic scoliosis. Stud Health Technol Inform 2006,

123:519–522.

36. Negrini S: The Evidence-Based ISICO Approach to Spinal Deformities, 1st edition

edn. Milan, Boston: ISICO; 2007.

37. Rahman T, Borkhuu B, Littleton AG, Sample W, Moran E, Campbell S, Rogers

K, Bowen JR: Electronic monitoring of scoliosis brace wear compliance. J

Child Orthop 2010, 4(4):343–347.

38. de Mauroy JC, Lecante C, Barral F: "Brace Technology" Thematic

Series - The Lyon approach to the conservative treatment of scoliosis.

Scoliosis 2011, 6(1):4.

39. Negrini S, Grivas TB: Introduction to the "Scoliosis" Journal Brace

Technology Thematic Series: increasing existing knowledge and

promoting future developments. Scoliosis 2010, 5(1):2.

40. Grivas TB, Bountis A, Vrasami I, Bardakos NV: Brace technology thematic

series: the dynamic derotation brace. Scoliosis 2010, 5:20.

41. Negrini S: Bracing adolescent idiopathic scoliosis today. Disabil Rehabil

Assist Technol 2008, 3(3):107–111.

42. Aulisa AG, Mastantuoni GG, Laineri MM, Falciglia FF, Giordano MM, Marzetti

EE, Guzzanti VV: Brace technology thematic series: the progressive action

short brace (PASB). Scoliosis 2012, 7(1):6.

43. Rigo M, Negrini S, Weiss H, Grivas T, Maruyama T, Kotwicki T: SOSORT

consensus paper on brace action: TLSO biomechanics of correction

(investigating the rationale for force vector selection). Scoliosis 2006, 1:11.

44. Tessadri F, Pellegrini A, Tavernaro M, Zonta A, Negrini S: Importance of

team to increase compliance in adolescent spinal deformities brace

treatment: a cross-sectional study of two different settings. Scoliosis 2012,

7. Suppl 1:O5.

45. Gammon SR, Mehlman CT, Chan W, Heifetz J, Durrett G, Wall EJ: A

comparison of thoracolumbosacral orthoses and SpineCor treatment of

adolescent idiopathic scoliosis patients using the Scoliosis Research

Society standardized criteria. J Pediatr Orthop 2010, 30(6):531–538.

46. Janicki JA, Poe-Kochert C, Armstrong DG, Thompson GH: A comparison of

the thoracolumbosacral orthoses and providence orthosis in the

treatment of adolescent idiopathic scoliosis: results using the new SRS

inclusion and assessment criteria for bracing studies. J Pediatr Orthop

2007, 27(4):369–374.

47. Fallstrom K, Cochran T, Nachemson A: Long-term effects on personality

development in patients with adolescent idiopathic scoliosis. Influence of

type of treatment. Spine 1986, 11(7):756–758.

48. Noonan KJ, Dolan LA, Jacobson WC, Weinstein SL: Long-term psychosocial

characteristics of patients treated for idiopathic scoliosis. J Pediatr Orthop

1997, 17(6):712–717.

49. Rivett L, Rothberg A, Stewart A, Berkowitz R: The relationship between

quality of life and compliance to a brace protocol in adolescents with

idiopathic scoliosis: a comparative study. BMC Musculoskelet Disord 2009,

10:5.

50. Negrini S, Grivas TB, Kotwicki T, Maruyama T, Rigo M, Weiss HR: Why do we

treat adolescent idiopathic scoliosis? What we want to obtain and to

avoid for our patients. SOSORT 2005 Consensus paper. Scoliosis 2006, 1:4.

51. Ugwonali OF, Lomas G, Choe JC, Hyman JE, Lee FY, Vitale MG, Roye DP Jr:

Effect of bracing on the quality of life of adolescents with idiopathic

scoliosis. Spine J 2004, 4(3):254–260.

52. Joncas J, Labelle H, Poitras B, Duhaime M, Rivard CH, Le Blanc R:

Dorso-lumbal pain and idiopathic scoliosis in adolescence. Ann Chir 1996,

50(8):637–640.

53. Muller C, Winter C, Klein D, Damaske K, Schmidt C, Schulte T, Bullmann V,

Rosenbaum D: Objective assessment of brace wear times and physical

activities in two patients with scoliosis/Objektive Erfassung von

Korsetttragezeiten und Alltagsaktivitat bei zwei Patienten mit

idiopathischer Skoliose. Biomed Tech (Berl) 2010, 55(2):117–120.

doi:10.1186/1748-7161-7-12
Cite this article as: Donzelli et al.: In defense of adolescents: They really
do use braces for the hours prescribed, if good help is provided. Results
from a prospective everyday clinic cohort using thermobrace. Scoliosis
2012 7:12.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Donzelli et al. Scoliosis 2012, 7:12 Page 16 of 16

http://www.scoliosisjournal.com/content/7/1/12


	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Material and methods
	Design
	Methods
	Patients
	Temperature data monitor
	Preliminary validation trial
	Reading software
	Reliability of thermobrace and temperature effects in different seasons
	Compliance
	Treatment
	Statistics

	Results
	Discussion
	Comments on the everyday clinical use of thermobrace
	Reliability of thermobrace

	Conclusion
	Competing interests
	Authors' contributions
	Author details
	References

