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Abstract

Purpose Accurate evaluation of patient compliance with

scoliosis brace usage has been a challenge for physicians

treating patients with adolescent idiopathic scoliosis. This

inability to accurately measure compliance has resulted in

difficulty in determining brace treatment efficacy. This pro-

spective study was performed to demonstrate the efficacy of

using a new electronic brace compliance monitor, the Cricket.

Methods The Cricket is a small encased circuit that can

be attached to the brace and, by means of a temperature

sensor, can record brace wear times. This study included

ten subjects with adolescent idiopathic scoliosis who were

prescribed the Wilmington scoliosis brace (thoraco-lumbo-

sacral orthosis) into which the Cricket sensor was incor-

porated. Subjects kept a diary of brace wear times.

Results Comparisons of data for the Cricket, subject

diaries, and prescribed brace wear were evaluated. The

mean error between the diary times and Cricket recording

was 2%. Patient compliance was 78%.

Conclusions The Cricket is a reliable, accurate, and

sensitive device to determine patient compliance with

scoliosis brace usage.
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Compliance sensor � Scoliosis brace efficacy

Introduction

Bracing is a non-operative treatment used to contain spine

curvature due to adolescent idiopathic scoliosis (AIS). The

effectiveness of bracing is still a matter of considerable

debate. There have been no multi-center, multi-brace,

randomized studies that have investigated brace efficacy in

containing scoliosis. One of the factors affecting the out-

come is brace wear compliance, which also provides a

reliable measure of internal validity for a study. The lack of

actual compliance data has made current reports of brace

efficacy for the treatment of idiopathic scoliosis unreliable.

Previous studies have used either questionnaires to

determine compliance [1, 2] or verbal reports on the

number of hours worn to a nurse at the clinic [3, 4]. The

number of wear hours reported in these studies was sub-

jective and difficult to verify due to reliance on patient

recall, with the possibility of false reporting. Others have
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looked at developing objective ways of measuring brace

wear compliance by using pressure monitoring [5–7] or

temperature sensing [8–12]. These sensors worked; how-

ever, they were bulky.

In a previous study by this group [13, 14], an electronic

compliance monitor was shown to objectively measure

brace wear compliance for patients with AIS. The study

highlighted some shortcomings in the old sensors, such as

being bulky, difficult to attach to the brace, difficult to

download, being fragile, not being waterproof, and not

having an LCD readout for daily feedback to the patient

and family. The purpose of this study was to address some

of the earlier technical shortcomings and to determine the

efficacy of using the Cricket as a reliable and accurate

means of measuring the compliance of Wilmington brace

wear in the treatment of idiopathic scoliosis.

Materials and methods

After Institutional Review Board approval, ten patients

(two boys and eight girls, mean age 13.3 years) with AIS

from the existing outpatient clinic of J. Richard Bowen,

M.D. at the Alfred. I. duPont Hospital for Children agreed

to participate in the study (Table 1). Inclusion criteria for

patients in this study were AIS, treatment with the Wil-

mington scoliosis brace, and agreement to keep a daily

manual diary of brace wear. The Wilmington brace is a

custom brace made of low-temperature plastic. Prescribed

regimens for brace wear time were 8 (night time) or 12 h

per day, depending on the severity of the scoliosis.

The Cricket is a novel compliance sensor designed by

this group from the ground up specifically for this purpose.

It is 3 cm in diameter and 1 cm in thickness. It is a self-

contained circuit that includes a thermistor for temperature

sensing, sufficient memory to record 9 months at one

reading every 10 min, and an LCD readout that displays the

average daily wear time (Fig. 1). The sensor was placed in

the lumbar mold cavity, putting it on the outside of the

brace. The thermistor protrudes from the sensor, allowing it

to go into a hole in the brace so that it is flush with the inside

of the brace. The Cricket was attached and launched at the

initial visit and removed after approximately 1 month of

brace wear, at which time the data were downloaded and the

manual brace wear diary was collected. The data were

downloaded wirelessly from the Cricket.

The custom-designed software (Creative Micro Designs,

Newark, DE) for the Cricket allows the retrieval of tem-

perature data, which is converted to an Excel file. This file

includes the date of launch, days worn, average daily wear

in hours, and graphs daily brace wear and a graph that

shows the percentage likelihood of the subject wearing the

brace at a given time in a 24-h period. This is shown in

Fig. 2 for one of the subjects.

The graph in Fig. 2 shows that this patient only wore the

brace at night. Peak wearing time was around 1:00 a.m.,

when she wore it only 50% of the total number of days.

The compliance drops off at other times during the night,

which indicates that the brace was taken off during the

Table 1 Patient demographics and curve characteristics

Patient Age

(years)

Gender Curve Curve (�) Risser Prescribed

time (h)

1 13.1 Female T6-T12 30 0 12

2 13.5 Female T11-L3 41 2 12

3 15 Male T4-T7 23 3 12

4 13.7 Female T4-T11 24 0 12

5 14.2 Female T9-L3 26 4 8

6 16.4 Male T12-L4 28 0 8

7 12.6 Female T11-L3 28 0 8

8 10.3 Female T5-T12 30 0 12

9 13.2 Female T6-T11 46 1 12

10 11.4 Female T5-T11 20 0 8

Fig. 1 a Shows the front and

back of the cricket sensor. b
Cricket mounted on the lumbar

mold

344 J Child Orthop (2010) 4:343–347

123



night for some of the nights. Ideally, one would like to see

a square-shaped graph with an amplitude of 100% for the

duration of the prescribed wear time (Fig. 2). This would

indicate that the patient wore the brace every day for the

prescribed period. Subjects were also asked to keep a

manual diary of wear times for a 1-month period.

Results

The computer reads the raw data as temperature values that are

measured every 10 min. If the brace is being worn, the tem-

perature measured will be close to skin temperature. If the brace

is not being worn, it will record ambient temperature, which,

typically, will be much lower than the skin temperature.

Temperature data files were converted to hours worn by

setting a threshold temperature. Temperatures above and

below this threshold were categorized as brace-on and

brace-off conditions, respectively. Brace-on hours were

aggregated, and actual hours worn for each monitoring

period were calculated. Compliance is defined as the ratio

of measured brace wear time to prescribed brace wear time.

Compliance was determined by the percentage of actual

hours worn in accordance with the prescribed regimen

during brace treatment.

Table 2 describes the compliance data by patient. The

prescribed brace wear time is 8 or 12 h per day and is based

on the severity of the scoliosis. Diary time is calculated by

manually aggregating the daily worn time from the patient

diary. Sensor worn time is obtained from the Cricket sensor

as described earlier. The percentage error is the difference

between sensor and diary times. The compliance rates are

obtained from the following formula: (sensor wear

time 9 100)/prescribed time. Patient 4 had an error of

37.9%. Additionally, this was a very non-compliant subject,

as can be seen from the worn times for both the manual

diary and electronic sensor. The errors for the remaining

subjects were between -1.6 and 5.3%. The negative error

indicates that this patient’s manual diary time was reported

to be less than the time measured by the sensor.

Ten patients completed the study. The sensor for patient

2 did not yield useful data as a previous version of the

software was inadvertently loaded, resulting in bad data.

Discussion

Bracing is a commonly used non-operative treatment for

AIS [15–20]. However, many orthopedists, including the

authors, are not sure whether bracing works in many cases

Fig. 2 Brace-wearing profile of

a typical subject. The y-axis

represents the number of days

worn, expressed as a percentage

of the total days. The x-axis is

the time in a 24-h period

Table 2 Wear time results for

the ten subjects wearing their

scoliosis braces

Patient Prescribed

time (h)

Worn time

(diary)

Worn time

(sensor)

Error (%) Compliance (%)

1 12 11.77 11.71 0.5 97.6

2 12 Software error

3 12 8.74 8.7 0.5 72.5

4 12 5.8 3.6 37.9 30.0

5 8 7.6 7.2 5.3 90.0

6 8 2.8 2.8 0.0 35.0

7 8 6.6 6.6 0.0 82.5

8 12 12.9 13.1 -1.6 109.2

9 12 10.4 10.0 3.8 83.3

10 8 8.6 8.2 4.7 102.5
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or, if it does, for which curves it is most effective or for

how long the brace must be worn. Brace compliance to

prescribed brace usage has traditionally been obtained by

questioning the patient and family, which may be inaccu-

rate. Some researchers have used a questionnaire to

determine the number of hours that the brace is worn [1, 2].

There are other reports in which the number of hours worn

was reported to a nurse at the clinic [3, 4]. The number of

hours reported by patients in these previous studies has

been subjective and is probably not accurate. Some authors

did not exclude the non-compliant patients from their

studies because of the difficulty in distinguishing between

compliant and non-compliant patients [18–20]. Bassett

et al. found that the key prognostic factors for success of

the Wilmington brace for AIS treatment appeared to be the

severity and flexibility of the curve at the start of treatment

[15]. However, brace compliance has been difficult, if not

impossible, to determine objectively.

A prior study by us [13] and several others more

recently have shown the ability to accurately measure the

number of hours of brace wear using a thermal sensor [9,

10] or pressure monitor [6, 7]. We developed a de novo

compliance sensor, the Cricket, that overcomes these

undesirable features and the purpose of this paper is to

describe its usefulness. The Cricket is small, being only

1-cm thick and having a 1.5-cm radius. Therefore, it is

much easier to place in standard braces. Typically, the

Cricket is hidden in the brace molds, which allows the

surface of the brace to be smooth and contoured. The

Cricket is shock-proof and sealed to prevent water pen-

etration. The LCD is placed toward the outside of the

brace, which allows the patient and parents to read daily

wear or accumulated usage. This supports the patients’

understanding of compliance and allows parents to

encourage proper brace usage. Although feedback from

the LCD data were not used in this paper, anecdotal

evidence from parents showed that the readout was a

positive attribute and helped the patient stay on track with

prescribed wear time.

Overall, with the exception of one patient, the diary had

good agreement with the electronic sensor, with the error

being 2% on average. A previous study by Dolan et al. [9]

also compared manual diary with the sensor for compli-

ance; however, they used brace-wearing volunteers and

concluded that electronic monitoring was an accurate and

reliable proxy for the manual logging of data. We believe

that all but one patient was very diligent with their manual

diary. This study did meet its designed goal of prospec-

tively documenting that the Cricket is a reliable, accurate,

and sensitive device to determine patient compliance with

scoliosis brace usage. The main drawback of the study was

the small number of patients and the absence of a gold

standard for measuring compliance.

Conclusions

A new electronic compliance sensor, the Cricket, has been

shown to be effective and reliable in measuring brace-

wearing times in the treatment of AIS. The new sensor is

compact, robust and can be easily mounted by an orthotist.

The software provides valuable clinical information, such

as daily brace wear times and average wearing habits of

patients being treated for adolescent idiopathic scoliosis

(AIS) with a thoraco-lumbo-sacral orthosis. The use of

compliance sensors for monitoring brace wear can elimi-

nate a significant variable in the investigation of brace

efficacy.
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