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Patient compliance and orthodontic treatment efficacy of Planas functional

appliances with TheraMon microsensors

Carole Charaveta; Michel Le Gallb; Adelin Albertc; Annick Bruwierd; Sophie Leroye

ABSTRACT
Objectives: To assess patient compliance and treatment efficacy of preventive expansion
treatment with removable Planas functional appliances using an integrated microsensor.
Materials and Methods: Wear time (WT) and behavior of 69 patients undergoing treatment with
Planas functional appliances were assessed and analysed using TheraMon microsensors
(Gschladt, Hargelsberg, Austria). Patients were followed up for a period of 9 months, and visits
were made every 3 months to download WT data from the microsensor and to assess wearing
behavior. From individual WT graphs,10 parameters were derived to characterize compliance for
each patient. Treatment efficacy was measured by eight parameters determining the level of
expansion after 9 months of treatment.
Results: Patients wore their device on average 15.8 6 5.2 h/d. WT was unrelated to age and
gender, but it was positively influenced by patient habits when keeping appliances during eating,
sports, care and handling. Treatment efficacy in terms of intercanine and intermolar expansion was
4.4 6 1.9 mm and 4.6 6 2.0 mm for the maxilla, and 5.3 6 2.0 mm and 4.7 6 2.3 mm for the
mandible, respectively. Efficacy was negatively affected by poor compliance (WT , 9 h/d) and by
high variability of within-subject WT recordings.
Conclusions: Perfect compliance is not necessary to achieve treatment success, but patients
should exhibit sufficient wear time to allow maxillary expansion to occur. The TheraMon
microsensor offers a new perspective and aid to individualize treatment prescriptions. (Angle
Orthod. 2019;89:117–122.)
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INTRODUCTION

Early orthodontic treatment with removable appli-
ances is intended to prevent dentofacial unbalance in
the mixed dentition and to reduce the overall need for
later complex orthodontic treatment with fixed appli-
ances. Interceptive treatment is based on the principle
that correction should be performed before an abnor-
mality has fully developed.1–3 This idea was supported
by King et al.4 when they focused on the perception of
early treatment benefits. The use of a Planas functional
device, based on the overall rehabilitation of the
stomatognathic system using neuro-occlusal rehabili-
tation,5,6 constitutes an effective way to correct early
abnormality, including maxillary and mandibular over-
crowding in the mixed dentition.7

The success of early orthodontic treatment with
removable appliances is highly dependent on patient
compliance,8 defined as the extent to which the
patient’s behavior matches the practitioner’s recom-
mendations.9 Witt et al.10 described some factors that
determined the patient’s compliance, such as regimen,
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perceived comfort, patient personality, and parental

attitudes, but many other influencing factors have been

reported in the literature.11–14

Several methods exist to assess compliance,11,15,16

but most are subjective and tend to overestimate wear

time (WT).15,17 Today, WT can be reliably measured by

temperature-sensitive microsensors incorporated in

the removable appliance by polymerization; the Ther-

aMon sensor18,19 (TheraMon System; Gschladt, Har-

gelsberg, Austria) is widely used for its reliability and

ergonomics.20

The aim of the present study was to assess patient

compliance in preventive expansion treatment with

removable Planas functional appliances. The primary

objective was to estimate WT with TheraMon micro-

sensors. The secondary objective was to establish how

WT impacted treatment efficacy.

MATERIALS AND METHODS

Experimental Design and Study Population

This was a prospective single-center study designed
to evaluate patient compliance in early orthodontic
treatment with a Planas removal functional appliance.
Eligible patients were recruited sequentially between
January and July 2016 (6 months) among all admissions
to the Orthodontics Department of University Hospital of
Liege, Liege, Belgium. The inclusion criteria were (1)
patients requiring maxillary and mandibular expansion
(both arches) by Planas functional appliances, (2)
patients with primary or mixed dentition, (3) good general
health (American Society of Anesthesiologists I or II),
and (4) adequate dento-oral health (ie, treated caries,
absence of periodontal diseases). The exclusion criteria
were: (1) mental or motor disabilities; (2) permanent
dentition, and (3) previous orthodontic treatment.

Alginate impressions (Cavex Colorchange, Cavex
Holland, BV, Haarlem, Netherlands), orthopantograms,
lateral cephalograms (Planmeca Inc Helsinki, Finland),
and extra- and intraoral photographs were performed
to collect the orthodontic data. Space analyses were
performed on study models using a digital caliper.

TheraMon microsensors have a weight of 0.40 6

0.01 g, a length of 13.0 6 0.1 mm, a width of 9.0 6 0.1
mm, and a height of 4.3 6 0.1 mm (Figure 1). They
measure the intraoral temperature at 15-minute inter-
vals and are designed to capture data for a period of
approximately 100 consecutive days. The tempera-
tures recorded by the sensors were transferred
electronically to the unloading TheraMon station and
converted into WT by the TheraMon software (Thera-
Mon software, version 2.1.0.13; Handelsagentur
Gschladt, Austria) (Figure 2). The software also

Figure 1. A tiny device (13 mm 3 9 mm 3 4.5 mm) that can be

inserted in most orthodontic appliances.

Figure 2. Unloading TheraMon station and daily wear time values from the TheraMon microsensor software diagram (mean wear is shown by

the dotted line, the blue bar signifies the prescription, and the unit of the x-axis is days).
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provided easy visualization and analysis of the data as
WT daily graphs.

Orthodontic Procedures

An independent Belgian laboratory produced Planas
appliances for all patients. Based on alginate impres-
sions, Planas appliances were designed as upper and
lower removable resin plates with transverse expan-
sion screws and resin tracks parallel to the Camper
plane. The upper and lower plates were stabilized
through raised areas between the canines and the
lateral incisors and other raised areas distal to the first
molar. The microsensors were fitted into the Planas
appliances at the end of the process to avoid
overheating (Figure 3). After placement, patients were
asked to activate the transverse expansion screws
every week and wear the Planas appliance 24 h/d,
removing it for toothbrushing only. Patients were
allowed to eat and play sports with or without the
appliance. Patients were followed up for a period of 9
months and assessed at 3-month visits where data
were downloaded from the device and graphically
displayed as daily WT values.

Ten parameters were derived from the individual WT
graph to characterize patient compliance: (1) number
of daily WT recordings during the 9-month treatment
period; (2) average daily WT values (hours); (3)
standard deviation (SD) of daily WT values (hours);
(4) relative dispersion of daily WT values expressed by
the coefficient of variation (%), which was defined as
coefficient of variation¼SD/mean 3 100%; (5) the area
under the WT curve (hours 3 days); (6) area under the
curve for WT . 15 h/d (hours 3 days); (7) persistence

(duration) under the curve of WT . 15 hours (days); (8)
the area under the curve for WT , 9 h/d (hours 3

days); (9) persistence under the curve of WT , 9 hours
(days); and (10) the number of WT holidays (ie,
number of days for which WT ¼ 0). WT curves were
obtained by simple linear interpolation between con-
secutive recordings (Figure 4).

Treatment efficacy was measured by eight param-
eters determining the level of expansion after 9 months
of treatment as follows: (1) maxillary final gap opening
(mm), (2) mandibular final gap opening (mm), (3)
change in maxillary intercanine distance (mm), (4)
change in mandibular intercanine distance (mm), (5)
change in maxillary intermolar distance (mm), (6)
change in mandibular intermolar distance (mm), (7)
change of angulation of 16 (8), and (8) change of
angulation of 26 (8).

Three questions were asked to assess patient
habits: (1) eating with appliances (yes/no), (2) playing
sports with appliances (yes/no), and (3) preference of
wearing (day or night). Care and handling were
assessed by the presence of tartar (yes/no) on the
appliances. The presence of parents at each visit was
recorded (yes/no).

Statistical Analysis

A power calculation showed that a sample size of at
least 61 patients was necessary to estimate the mean
daily WT with a statistical precision of 1 hour at the
95% confidence level assuming an SD of 4 hours for
the distribution of WT. The results were expressed as
the mean and SD for quantitative variables and as
numbers and percentages for categoric findings. The
association between variables was measured by the
correlation coefficient. To compare mean values before
and after treatment, the Student’s paired t-test was
used. The effect of patient characteristics and treat-
ment on WT values was assessed by linear regression
and expressed by the regression coefficient with
standard error. The eight treatment outcomes were
combined by principal component analysis and sum-
marized by two weighted scores called principal
components (PC1 and PC2) used in subsequent
analyses. This allowed us to obtain a simpler treatment
efficacy measure to be correlated with compliance
parameters. The results were considered significant at
the 5% critical level (P , .05). All calculations were
performed with SAS (version 9.4) SAS Institute Inc.,
Cary, NC, USA.

RESULTS

During the recruitment period, 69 patients (37 boys
and 32 girls) were eligible to enter the study. Their
mean age was 7.8 6 1.1 years. The space analysis of

Figure 3. Planas functional device with TheraMon microsensors.
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the study models revealed a mean crowding of 5.7 6

2.8 mm in the maxilla and 4.0 6 2.6 mm in the

mandible (Table 1). About 65% of patients removed

appliances during lunch and 70% removed them during

sports; 58% of patients preferred to wear them at night

rather than during the day. Tartar on the appliances

was noted in 50% of the study subjects. For 80% of

patients, parents were present.

The compliance parameters could not be measured

for 10 patients (dropouts, equipment failure, problems

in downloading and/or reading data, outliers, and gross

blunders) leaving 59 patients for the analysis. The

mean number of daily recordings per patient (ie, days

of monitoring) was equal to 224 6 45. As seen in Table

2, patients wore their device on average 15.8 6 5.2 h/

d. Specifically, 12% wore their device less than 9 h,

36% between 9 hours and 15 hours, and 52% more
than 15 h/d. The SD of the individual WT was 4.2 6 1.3
h/d and the coefficient of variation was 38% 6 49%,
indicating a large variability of WT within patients. On
average, the area under the WT curve was 3462 6

1255 hours 3 days. The area under the curve for WT ,

9 hours was 40 6 58 hours 3 days with a
corresponding persistence of 26 6 45 days, while the
area under the curve for WT .15 hours and the
corresponding persistence were 626 6 584 hours 3

days and 123 6 74 days, respectively. The number of
WT holidays was 27 6 41 days during the study
period. No correlation was found between WT and age,
gender, or crowding. WT was positively influenced by
eating (P , .0001) and playing sports (P¼ .0002) with
the appliance and by care and handling (P ¼ .023).
There was no difference in WT according to the
preference of day or night wearing (P ¼ .089) or the
presence of the parents (P ¼ .34). WT values were
comparable during weekends and weekdays.

As seen in Table 3, after the 9-month treatment
period, intercanine and intermolar expansion reached
4.4 6 1.9 mm and 4.6 6 2.0 mm for the maxilla and 5.3
6 2.0 mm and 4.7 6 2.3 mm for the mandible,
respectively. The final maxillary and mandibular gap
openings were 5.5 6 1.8 (.5 mm for 61% of the

Figure 4. Area and persistence below 9 h/d and above 15 h/d with respect to the wear-time response curve obtained by linear interpolation

between successive recordings.

Table 1. Patient Characteristics

Variables Mean 6 SD

Age (y) 7.8 6 1.1

Gender, no. (%)

Female 32 (46%)

Male 37 (54%)

Space analysis (mm)

Maxilla –5.7 6 2.8

Mandible –4.0 6 2.6
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patients) and 5.3 6 1.8 mm (.5 mm for 50% of the

patients). The changes of angulation at 168 and 268 were

also significant. As most treatment outcomes were highly

correlated, they were linearly combined by principal

component analysis and reduced to two weighted

components (PC1 and PC2), which explained approxi-

mately 70% (49% for PC1 and 21% for PC2) of the total

variability. Since weights associated with each outcome

in PC1 were positive, PC1 was viewed as an averaged

global efficacy score with high (low) values indicating

high (low) efficacy. In PC2, weights were negative for

maxillary features and positive for mandibular features,

representing a contrast between maxilla and mandible.

As seen in Table 2, PC1 (global efficacy score)

increased with mean daily WT (P¼ .0094) but decreased

with WT variability measured by the coefficient of

variation (P ¼ .0011), area (P ¼ .0049) and persistence

of WT ,9 hours (P¼ .0014), and with WT holidays (P¼
.025). Interestingly, the area and persistence of WT

values .15 hours did not influence treatment outcome.

No association was found between compliance param-

eters and the second principal component.

DISCUSSION

The objective of the study was to assess patient

compliance in early orthodontic treatment by Planas

removal appliance. The TheraMon sensor is the most

recent wear time microsensor electronic device devel-

oped to measure the wear time of removable ortho-

dontic appliances. It demonstrated an intuitive and

easy utilization according to previous studies.19–21 The

TheraMon microsensors provided an objective, reliable

and accurate assessment of patient compliance.

In this study, over half of the patients wore their

device at least 15 h/day with moderate variability and

almost no WT gaps. Schott et al.22 analyzed patient

behavior and concluded that it was quite heteroge-

neous and that some patients wore their appliances on

one day and not on the other.

Most previously published studies assessing patient
wear times did not reach 12 h/day.22–25 While WT in the
current study was lower compared to the 24 h/day
prescription, on average, patients demonstrated better
behavior than in previous studies. However, in terms of
percentage of WT with respect to the orthodontist’s
prescription, the results matched those of Sahm et
al.,16 namely that 50 to 60% of the WT prescription was
applied by the patient. This finding demonstrated that
an overstated prescription of WT is necessary to reach
an adequate WT.

Wearing removal appliances during lunch and
sporting activities was low. The design of Planas
appliances, based on the prescription of Planas,
required only raised indexed areas between the
canines and the lateral incisors and distal of the first
molar without Adam’s clasps; this design could explain
the results obtained. Considering that WT was posi-
tively influenced by eating (P , .0001) and playing
sports (P ¼ .0002) with the appliances, it would be
necessary to use a perfect system of stabilization for
removal appliances, e.g., Adam’s clasp on molars, to
enhance WT during lunch and sports.

No significant difference was found between gen-
ders as in previously published studies.15,23,25 Further,
age was not identified as a significant determinant that

Table 2. Distribution of Compliance Parameters in 59 Patients With Planas Functional Appliances With TheraMon Microsensors and

Relationship (Regression Coefficient 6 SE) With Treatment Outcome Obtained by the First Principal Componenta

Parameter of Compliance Mean 6 SD Coefficient 6 SE P Value

No. of daily WT recordings/patient 224 6 45 –0.004 6 0.006 .48

Mean daily WT (h) 15.8 6 5.2 0.14 6 0.050 .0094

SD daily WT (h) 4.2 6 1.3 –0.35 6 0.20 .085

Coefficient of variation daily WT (%) 38 6 49 –0.033 6 0.0095 .0011

Area under WT curve (hours 3 days) 3462 6 1255 0.0004 6 0.0002 .070

Area WT . 15 h/d (hours 3 days) 626 6 584 0.0005 6 0.0004 .24

Duration WT . 15 h/d (days) 123 6 74 0.0053 6 0.0035 .14

Area WT , 9 h/d (hours 3 days) 40.2 6 57.9 –0.013 6 0.0041 .0049

Duration WT , 9 h/d (days) 25.8 6 45.2 –0.019 6 0.0056 .0014

No. of days WT ¼ 0 26.9 6 40.9 –0.020 6 0.0082 .025

a WT indicates wear time.

Table 3. Characteristics and Parameters of Treatment Efficacy

Between Baseline and After 9 Months

Parameters of Treatment Efficacy Mean 6 SD P Value

Maxillary final gap opening (mm) 5.5 6 1.8

Mandible final gap opening (mm) 5.3 6 1.8

Change in maxillary intercanine

distance (mm)

4.4 6 1.9 ,.0001

Change in mandible intercanine

distance (mm)

4.6 6 2.0 ,.0001

Change in maxillary intermolar

distance (mm)

5.3 6 2.0 ,.0001

Change in mandible intermolar

distance (mm)

4.7 6 2.3 ,.0001

Change in 168 angle 5.4 6 3.5 ,.0001

Change in 268 angle 5.7 6 3.6 ,.0001
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influenced the compliance. The literature is controver-
sial on this point. According to Tsomos et al.,25 large-
scale studies are required to investigate the correlation
between age and compliance.

Surprisingly, a 24 h/day WT prescription was not
necessary to achieve perfect treatment efficacy; WT
persistence of at least 15 h/day did not influence
treatment outcome. Finally, the prescription should be
adjusted to avoid WT overestimation, keeping in mind
that patients wore their appliance 50–60% of the
recommendation. A weak equation that consists of
equilibrating an adequate wear time and the reality of
the patient compliance needs to be addressed. In the
present study, 9 h/day was the threshold; wearing the
appliance below this limit turned out to be useless.
Interestingly, the presence of the parents during the
appointment did not enhance WT.

CONCLUSIONS

� TheraMon microsensors offer new perspectives to
assess compliance and to individualize treatment
prescriptions.

� On average, patients wore their appliance 15.8 h/d
though 24 h/d was prescribed.

� Age, gender, and presence of parents at visits did not
modify compliance.

� Perfect compliance was not necessary to achieve
treatment efficacy.
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