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Abstract

Purpose Dynamic SpineCor was designed to overcome
the disadvantages of rigid orthoses—bulkiness, physical
constraint and warming—and to improve the acceptance
and compliance as limiting factors of brace treatment.
Those theoretical benefits have not been proved by com-
pliance studies yet.

Methods SpineCor braces of 12 adolescent scoliotic girls
were equipped with flexible temperature loggers, which
were sandwiched between gel foam and the brace’s pelvic
base. Patients and parents were blinded for the observation
period of 14 days and gave post-hoc consent. The logger
yielded 672 time-stamped values at 30-min intervals. Pilot
testing revealed values beyond the 30°C threshold as
indicative for brace wear.

Results The average overall compliance (% wearing
hours/prescribed 23 h) was 54% =+ 22.3 (range, 11.8—
95.8%). The youngest patients (aged 10-12 years) were
significantly more compliant than the others (P < 0.05).
Most patients had a scattered wearing pattern: one was a
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day-wearer, one a night-wearer and only the two high
adherers showed a consistent daily pattern. There was no
significant difference between weekdays, weekdays and
weekends, nor between day and night wear.

Conclusion The current study showed that the compli-
ance of patients in a dynamic SpineCor is as limited as in a
conventional brace. This is in line with earlier data on
patients’ SpineCor and rigid brace acceptance evaluated by
a questionnaire and on temperature logging in rigid braces.

Keywords Idiopathic scoliosis - SpineCor -
Flexible Brace - Compliance - Temperature logger

Introduction

Brace efficacy, clinical effectiveness and compliance of the
patient are associated key factors for a successful treatment
of moderate idiopathic scoliosis [1, 2]. Though their
interaction has not been clearly quantified yet, the most
commonly prescribed regimen is 20-23 h daily brace wear
[3-8]. However, subjective assessments by questionnaires,
diaries and interviews revealed overestimation of the time
in brace [6, 8, 9] compared to valid data yielded by load
and temperature measurements in rigid braces: compliance
(wearing time in brace divided by advised hours) only
reached fairly consistent averages of 62-67.5% [5, 7, 8].
A psychological profile with low self-esteem, anxiety, poor
social support and limited success expectations seems
predictive for low compliance [3]. The common denomi-
nator may be a conflict between an adolescent’s strive for
nice appearance, uniformity among peers and social
acceptance, and the contrasting bulkiness, rigidity and
temperature discomfort of rigid braces [4, 10]. Flexible
braces tackle those disadvantages by being functional and
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discreet, and by reducing the constraints of conventional
brace types. Improved comfort should raise acceptance and
compliance. The flexible SpineCor System (Spine
Corporation Ltd., Chesterfield, United Kingdom) consists
of a plastic pelvic base, crotch and thigh bands, a bolero
and corrective elastic bands, which are fitted according to
the type of the curve (Fig. 1a, b). The developers labelled it
the first and only truly dynamic brace for the correction of
idiopathic scoliosis and base its efficiency on a 74.5%
success (SRS criteria) [11] and 14.6% surgical rate in their
cohort of 349 patients [12]. In contrast, a prospective,
randomised study conducted by independent examiners on
43 adolescent girls revealed a significantly higher failure
rate for SpineCor braces than for rigid orthoses. Patient
acceptance was limited for both [13], which may transmit
to low wearing times and failure. Time in rigid braces is
most reliably objectified with temperature loggers [5, 8,
14]. This has never been done for flexible spinal harnesses,
which put specific demands on the size and mechanical
properties of the logger.

The purpose of this study was to objectively measure the
compliance of adolescent girls in SpineCor braces and to
learn more about the role of flexible braces in scoliosis
treatment.

Materials and methods

After approval from the local ethical committee, we
prospectively objectified wearing time with temperature
loggers in 12 adolescent girls with a flexible SpineCor
brace. Inclusion criteria were idiopathic juvenile or ado-
lescent scoliosis, initial Cobb angle 20°-45°, pre-
menarchal to 1 year after menarche at the time of bracing
and 10 years of age or older at the time of the study.
Exclusion criteria were the first 6 weeks after fitting,
weaning and skin problems. At the time of SpineCor
introduction at our institution, the clinical team (spine
surgeon, physiotherapist and orthotist) followed instruc-
tional lessons, supervision and continuous training by the
inventors. We educate patients and parents about scolio-
sis, its natural history and the estimated risk of curve
progression. Questions about wearing time are asked at
each visit and the importance of compliance is empha-
sised. We recommend a wearing time of 22-23 h/day
until skeletal maturity (2 years post-menarchal, less than
1 cm growth/6 months) [11]. Rigid and flexible brace
types are demonstrated and written information is handed
out. The team fits the brace based on the SpineCor
manual. The dynamic corrective movement is taught and
later supervised on an outpatient basis at 3-month inter-
vals. We encourage increasing brace-on hours to reach the
full regimen at the 4-6 weeks mark.

@ Springer

Fig. 1 a The anchoring, bottom section of the dynamic SpineCor
brace consists of the pelvis base, the thigh bands and the crotch bands.
The upper section with the bolero and elastic bands provides
correction of the scoliotic deformity. b The posterior, triangular soft
plastic parts were used to hide the temperature logging device

Temperature logger

We chose a flexible, credit card-sized (86 x 54 x 1-mm)
commercial device (VarioSens®, KSW Microtec, Dresden,
Germany). It is reusable, driven by a paper-thin, pollution-
free battery and meets high mechanical requirements.
A calibrated sensor measures at programmable intervals.
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The chip stores maximally 720 data points (temperature
—20 to 50°C). A card reader exports the data to Excel files.
The size allowed its hiding at the plastic pelvic base
(Fig. 2). This base is connected to the elastic and crotch
bands. It is worn over the slip and covered by clothes. We
suggest to pad the inside of the base with a 4-mm thick gel
foam, since most patients feel disturbed by the metallic
eyelets. The concealed device allowed blinding of the
patient for the logging. At the end of the observation per-
iod, we gave oral and written study information with sub-
sequent signed consent. To our knowledge, it was the first
time that a temperature logger in a flexible brace has been
used. The reported values indicating the wearing of rigid
braces may differ from flexible braces. In a self-test (CH)
with the pelvic base on, the temperature varied between 30
and 35°C (average 32.3°C), despite different ambient
temperatures (Fig. 3). We, therefore, established the
threshold temperature at 30°C. The transition time from
ambient temperature to the 30°C threshold after mounting
the brace ranged between 6 min 20 s (outdoor, 7°C) and 1
min 50 s (indoor, 23°C). The latter scenario is the most
common for donning and doffing. Vice versa, it took 20 s
from removal of the brace until values below 30°C were
displayed.

Measurements

According to a previous similar study on rigid braces, a
logging period of 2 weeks is sufficient to reveal the
wearing pattern [5]. We programmed the device at 30-min
intervals (672 data/2 weeks). The 48 values (720 data
points logging capacity: 672 data points/2 weeks) of the
follow-up day were truncated because most patients wear
the brace eagerly that day. Our patients obtained a set of
two braces to provide continuous wear during brace

Fig. 2 The data logger (dimensions 86 x 54 x 1-mm) is sand-
wiched between the 1.5-mm-thick pelvic base and a 4-mm-thick extra
layer of gel foam, which is in direct contact with the patient’s slip
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Fig. 3 Temperature adaption to donning and doffing under cold
(7°C) and ambient conditions (23°C): brace off (data points 0-25 and
>224) and on (26-224). The x-axis shows time intervals of 10 s
between two data points. The y-axis represents temperature values
(°C) recorded by the logger

washing. Both were equipped with bilateral loggers. Brace-
on hours and wearing pattern per weekday were computed
from the aggregated values. The percentage of worn hours
in relation to the 23-h prescribed regimen is called
compliance [15]. Night time was defined as the period from
8 pm to 8 am.

Statistical analysis

All statistical analyses were performed using the open-
source statistical package R (http://www.r-project.org/).
Statistical significance was determined using Student’s
t test and by calculation of the correlation coefficients.
Multiple comparisons were conducted to test compliance
between patients and age groups. In order to correct for the
multiple significance tests, the calculated P values were
adjusted using Tukey’s technique. This correction ensures
that the chance of finding a significant difference in any
comparison (under a null model) is maintained at the alpha
level of the test. This technique preserves family-wise
type I (or false-positive) error. Statistical significance was
defined as P < 0.05.

Results
Patients
We enrolled a consecutive series of 15 patients. Three had

to be excluded: one removed the logger, one refused con-
sent and, one time, the battery had expired. Five patients
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had a juvenile and seven an adolescent idiopathic scoliosis.
Their average age was 13 years &+ 1.4 (range, 10—
15.6 years), weight 47.5 kg + 5.5 (range, 35.9-61.2 kg),
height 159.5 cm 4+ 9.2 (range, 144-176.6 cm) and body
massindex 18.7 + 2.2 (range, 16.4-23.4). Two had a history
of rigid bracing. Seven patients showed a right thoracic (RT2
and RT3 SpineCor classification), four a thoracolumbar
(RTL, RTLL1, LTL2) and one a lumbar curve (LL). The
average brace-free initial Cobb angle was 27.4° + 4.6
(range, 20-35°) and 22.7° + 8.8 (range, 10-43°) with the
brace on at the time of the latest follow-up at an average of
7.3 months + 5.4 (range, 2-26 months). Two patients pro-
gressed to >5° within 29 (patient 5) and 4 months (patient 8).
Atthe beginning of observation, the average time spent in the
SpineCor was 9.3 months + 10.2 (range, 2-30 months).
Nine girls were pre- and three post-menarchal, with an
average of 13 months & 4.9 (range, 9-20 months).

Measured temperatures

The number of data points per temperature interval con-
firmed the 30°C threshold concept (Fig. 4). The peaks at
24-25°C and 31-32°C represent brace-off and brace-on,
respectively. The zones 22-25°C (room temperature) and
31-34°C each account for 31% of all points, whereas the
transition zone between brace-on and brace-off only
includes 3.5% of all measurements. The average brace-off
temperature was 23.6°C £ 2 (minimum 16.9°C) and the
brace-on temperature was 32.5°C £ 1.5 (maximum
37.6°C). Five patients were measured in the spring time,
four during summer and three during autumn in moderate
mid- and east-European climate. Air temperature record-
ings were obtained from the National Meteorological Ser-
vices of Switzerland (http://www.meteoschweiz.admin.ch)
and Slovenia (http://www.arso.gov.si). Only on 3 of 168
logging days did the maximal ambient temperature climb
beyond the 30°C threshold (31.3-32.3°C) but the brace-on
periods could still be discriminated: the average day tem-
perature was only 23.3-24.1°C and the patients’ data
showed clear step-offs in their curves, indicating donning
and doffing. Moreover, one low adherer (patient 6) wore
the brace only during the night and the other (patient 10)
showed temperatures beyond the threshold on two heat
days, which were clearly higher (average 33.4°C) than the
maximal outdoor air value and, therefore, indicative for
wear.

Compliance
The average overall compliance based on a prescribed
regimen of 23-h brace wear per day was 54% =+ 22.3

(range, 11.8-95.8%) (Table 1). Though most of the
patients had a similar average compliance of about 50%,
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one (patient 4) had a significantly lower and two (patients
10, 11) a significantly higher compliance (Fig. 5). Patients
aged 10-12 years were 72% (SD 23%) compliant,
12-14 years 49% (SD 30%) and 14-16 years 47% (SD
12%). The youngest patients were significantly more
compliant (P < 0.05). The average daily time in the brace
was 12.4 h + 5.1 (range, 2.7-22 h). On no day was com-
pliance significantly different than on others (ANOVA
P = 0.63), particularly, weekend days did not differ.
Patients tended to wear the brace longer during the day
(8 am-8 pm) than the night (8 pm—8 am), average 6.6 h
(55% compliance) and 5.8 h (49%), respectively (not sig-
nificant, P = 0.07). The analysis based on a different
‘night definition’ (10 pm—7 am) [8] revealed less statistical
difference (P = 0.27). Most patients (2, 3,4, 6, 7, 8, 9, 10)
had a scattered wearing pattern: one was a day-wearer
(patient 5), one a night wearer (patient 1) and the two high
adherers (patients 11, 12) showed a consistent pattern
(Fig. 6).

Discussion

The SpineCor System was introduced in 1993 and repre-
sents a popular flexible brace type [16]. Doctors, patients
and parents rely on results which suggest an equal effi-
ciency to conventional braces. Based on SRS criteria [11],
SpineCor was successfully (<5° curve progression) applied
by its inventors in 74% of 349 patients observed until
weaning and 93% of 162 patients had stable curve to
2 years after weaning [12]. Moreover, the assessment of
the three-dimensional appearance of the trunk in brace
allows judgement of the evolution and potentially reduces
exposure to repeat radiographs [17]. Functionality, weight,
concealment under clothes, reduced physical constraint,
ventilation under hot temperatures and the biofeedback
concept with corrective movements contrast with the
seemingly old-fashioned properties of a rigid brace and
may, therefore, be appealing to a teenager. However, those
superficial benefits have been questioned by gait analysis,
questionnaires on acceptance and a prospective study on 43
subjects, which were randomly assigned to either SpineCor
or a rigid orthosis by investigators which were involved in
the development of the brace [13, 18]. The curve pro-
gression rate was significantly higher in the SpineCor
group (7/22) than in the group with a rigid orthosis (1/21).
In a small cohort of 12 SpineCor patients, the progression
rate (11/12) even exceeded natural history [19, 20]. This
raises concerns about efficiency and acceptance. The latter
showed no difference between SpineCor and conventional
orthosis for pain, skin irritation, pressure sores, breathing,
sport, walking, sleeping and dressing [13]. Particularly,
toileting seemed to be a problem with the flexible


http://www.meteoschweiz.admin.ch
http://www.arso.gov.si

J Child Orthop (2010) 4:211-218

215

Fig. 4 The distribution of the 8
data points of all patients S
indicates the clear cut-off
between brace-on temperatures
over the 30°C threshold and § -
brace-off temperatures between -
21 and 26°C
o
o _|
S
(7]
i)
£
2
g 84
©
[m]
—
o
» o
8 &
S
=1
P4
o
S
<
o
S
«
O/
o — 0-0

Table 1 Detailed compliance data
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17-18 19-20 21-22 23-24 25-26 27-28 29-30 31-32 33-34 35-36 37-38

Temperature Intervals (°C)

Patient Time in brace  Risser sign®  Cobb angle (°) Compliance (% wearing hours/prescribed 23-h regimen)
no. (months) (grade) - -
Before  Follow-up Mon Tue Wed Thu Fri Sat  Sun Night Day Week
brace in brace

1 20 0 22 14 47 58 50 57 49 48 34 38 10 49
2 30 0 24 18 49 49 28 23 60 39 63 20 24 44
3 7 2 20 10 67 45 50 52 37 0 26 20 20 40
4 7 0 30 22 52 26 0 0 0 0 4 7 5 12
5 29 3 24 34 58 64 43 49 53 58 75 21 37 57
6 2 0 29 21 15 76 59 14 16 13 21 13 17 31
7 3 0 35 29 38 52 79 61 70 32 57 24 31 55
8 4 1 34 43 73 57 57 54 53 47 59 20 37 57
9 4 0 24 15 57 101 61 75 21 46 84 32 30 63
10 2 0 27 19 39 67 45 66 17 46 83 19 35 52
11 2 0 32 26 98 87 93 88 99 97 84 45 48 92
12 2 0 28 21 92 93 88 101 101 95 100 46 50 96
Average 9.3 274 22.7 57 65 54 53 48 43 57 25 29 54
Min. 2.0 20.0 10.0 15 26 0 0 0 0 4 7 5 12
Max. 30.0 35.0 43.0 98 101 93 101 101 97 100 46 50 96
SD 10.2 4.6 8.8 22 21 25 28 31 30 29 12 13 22

* At the beginning of brace treatment

brace, while patients with rigid braces complained about
hot temperatures and difficulties in donning and doffing.
The corrective potential of the brace (efficacy) and the
compliance are the determinants for long-term

effectiveness [1, 2]. The former is difficult to investigate,
since SpineCor is not based on direct force application, but
on a concept of curve-specific corrective movements and
neuromuscular integration, which should entail progressive
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Fig. 5 Patient-specific compliance. High compliance (>90%) was
found in two patients, intermediate (50-90%) in five and low (<50%)
in five patients [5]. AVG average of the group

correction [21]. We, therefore, focused on the objective
assessment of compliance, which is reliably accomplished
with temperature recording at the brace/skin interface [2, 5,
6, 8, 9, 22]. Since all parts of SpineCor are less than
1.5-mm thick and flexible, the logger needs to be thin and

bendable. Specifically designed for brace wear control
studies microelectronic devices are thicker than 5 mm,
larger than credit card size and come with an external
power source [5, 8, 22]. The smallest (60 x 48 x 19 mm)
is both rigid and too thick. Hence, we used a commercially
available sensor which is employed in sensitive fields such
as the pharmaceutical and food industry. The small chip
size limits the maximal data set to 720 time-stamped val-
ues, which is less than the range of 2,048-64,000 for for-
merly applied loggers [5, 8, 9] but enough to cover a period
of 2 weeks at 30-min intervals. The most recent study with
data recording at 2-min intervals over an average of
5.4 + 3.1 weeks revealed compliance prediction already
after the first 2 weeks [5]. A small, concealed logger is a
prerequisite to blind the patient for the measurements for
the lowest bias by avoiding extra motivation or mislea-
dings. This novel approach with delayed consent was
accepted by all but one of 15 patients.

The established threshold of 30°C between brace-on
and -off periods, the narrow ranges of average temperatures
with the brace off (23.3-23.6°C), brace on (32.5-33.1°C)
and the maximal values (36.4-37.6°C) are matched well
between our study on flexible braces performed in Swit-
zerland and temperature logging in rigid braces from the
United Kingdom [8] and Germany [5], which supports the
reliability of temperature logging and its application to

Fig. 6 Time spent in brace for :
each patient. Day 1 (Monday) to i patient average B day ;
day 7 (Sunday) A - night
23 ([0 ([T o (M
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_ - 10
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flexible braces. The climate and room temperatures are
similar among those countries and the plastic pelvic base of
SpineCor has similar thermal conduction properties as a
conventional brace [5, 8].

Compliance in SpineCor patients was 54% =+ 22.3,
which is at the lower end of that objectified (57-85%) for
rigid braces [2, 5, 7-9, 23]. Full blinding of the patient is a
possible explanation. However, our data reflect similar
acceptance as for rigid braces [13] and query the philoso-
phy of a flexible orthosis developed to minimise constraints
and improve compliance [21]. SpineCor did not challenge
the wide range of compliances, the small number of full
adherers (10-30%), the scattered wearing pattern in non-
adherers and the negative correlation of compliance with
age also found in rigid orthoses [4, 5, 8, 9]. In contrast to
those studies, we could not reveal differences between
school and spare time, day and night wear, nor between
weekdays and weekends.

As in previous studies on temperature logging [5, 8], the
present study is also limited by the small number of sub-
jects and the lack of correlation between brace acceptance
and clinical outcome. The association between the quantity
of brace wear and clinical effectiveness may be different
for SpineCor than for rigid braces [2]. The determination of
continuous correct fit and effective wear as another con-
founding factor would be difficult for SpineCor. Since
force application is not its mainstay, the prediction of curve
progression based on the recording of strap tightness will
be hampered [1]. However, repeat clinical judgement of
correct fit as possible with SpineCor combined with out-
come assessment in a subgroup of highly complying
patients may help to discriminate the efficacy of this brace
type.

Limited wear of a patient-friendly labelled, flexible
brace type emphasise the irrationality behind bracing. The
patient’s perception of limitations of appearance, social
interaction and physical activities opposes to the doctors’
and parents’ assumptions on the better acceptance of a less
cumbersome device. The impact of brace therapy as such
seems to be more decisive a factor than the type of brace.
Most patients have no overt pathology, but psychosocial
issues such as peer pressure at school, social relations and
low family support triggered by individual psychological,
negative predictive determinants such as lack of vitality,
low expectation, anxiety about failure, low self-esteem and
poor body image affect compliance behaviour [3, 4, 6, 24].

As a consequence, routine, objective determination of
brace-wearing habits with pre-emptive employment of
coping strategies and tailored psychological support in
cases of low brace adherence may represent better opti-
misers of compliance than the preference of a dynamic
brace over a rigid brace [10, 25].

Conflict of interest statement None.
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