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Predictors of patient compliance during Class II division 1 malocclusion

functional orthodontic treatment

Neda Lj Stefanovica; Mia Uhacb; Martina Bruminic; Martina Ziganted; Vjera Perkovicd;
Stjepan Spalje

ABSTRACT
Objectives: To determine factors that could predict Class II/1 malocclusion patient compliance
during functional treatment.
Materials and Methods: The sample consisted of 77 subjects (aged 11–13 years; 47% girls)
presenting with Class II/1 malocclusion. Inclusion criteria were distal molar relationship, overjet
greater than 5 mm, and confirmed pubertal growth spurt. Removable functional appliances (62%
Twin Block [TB], 38% Sander Bite Jumping [BJ]) with built-in maxillary expansion screws were
used. Follow-up period was 1 year. Patients and parents independently filled out the Child
Perception Questionnaire, Parental/Caregiver Perception Questionnaire, and Family Impact Scale
to assess emotional and social well-being, oral symptoms, functional limitations, parental emotions,
family activities, conflicts, and financial burden as possible predictors of compliance during
treatment. Sex, overjet, and appliance type were also analyzed.
Results: There were more noncompliant than compliant patients (55% vs 45%). Parental
perception of altered emotional well-being of their children was the strongest predictor, increasing
compliance odds 3.4 times (95% confidence interval [CI], 1.2–9.4; P ¼ .017). Patients were 3.2
times (95% CI, 1.1–9.3; P¼ .033) more likely to cooperate with TB compared with BJ appliance. OJ
� 8 mm increased compliance odds 3.1 times (95% CI, 1.0–9.4; P ¼ .044).
Conclusions: Parental perception of child’s emotional well-being alteration, severity of
malocclusion, and type of appliance are major predictors of compliance. Psychosocial issues
and oral function limitations reported by children and family impact are of negligible influence.
(Angle Orthod. 0000;00:000–000.)
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INTRODUCTION

Class II is an anteroposterior skeletal discrepancy

caused by various combinations of skeletal and dental

components. It can be caused by mandibular retro-

gnathism, maxillary prognathism, or a combination of

the two. Although one group of authors claimed it was

most commonly a consequence of mandibular retro-

gnathism,1 others disagreed.2 Different vertical facial

patterns have been reported in Class II subjects.

According to the upper incisor inclination, Class II is

divided into Class II division 1 (Class II/1) when the

incisors are proclined and Class II division 2 (Class II/

2) when the incisors are retroclined.1,3,4
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In growing children, Class II/1 is commonly treated
using functional orthodontic appliances. Functional
orthodontic treatment affects mandibular position and
function by moving the mandible forward in relation to
the normal rest position, therefore changing the muscle
conditions and improving Class II discrepancy.5–7

Some of the most commonly used removable func-
tional orthodontic appliances are the Twin Block (TB)
appliance and the Sander bite jumping (BJ) appliance.
The TB appliance consists of upper and lower plates
with posterior bite blocks with inclined planes that slide
against each other and bring the mandible downward
and forward when the mouth is closed. With the TB
appliance in the mouth, the patient cannot occlude in
the original locked distal position, thus the mandible is
freed, and the unfavorable distal tooth contacts are
replaced with favorable proprioceptive contacts of the
TB inclined planes that bring the mandible to a
protrusive position. Occlusal forces that are transmitted
through the dentition deliver a continuous propriocep-
tive stimulus that influences the growth rate and the
supporting bone trabecular structure.8 Instead of
posterior bite blocks, the Sander BJ appliance has
two prongs embedded in the upper plate that meet the
acrylic inclined plane in the anterior segment of the
lower appliance when the mouth is closed and bring
the mandible forward. The action mechanism of the BJ
appliance is different during sleep and during the day.
Not more than 600 biting actions have been recorded
with the BJ appliance in place during the night.
However, viscoelastic forces of 3 N have been
measured during the night, and it is these forces that
position the mandible forward and have the opposite
effect on the maxilla. During the day, neuromuscular
habituation of the appliance can be noted, and the
mandible is positioned even further forward when the
patient is talking and trying to avoid contact with the
bars.9–11

Functional orthodontic treatment is most effective
during the pubertal growth peak with more skeletal
effects than in the prepubertal period.12,13 Parental
influence, impaired emotional well-being (EW), and the
severity of malocclusion are the main factors prompting
preadolescents and adolescents to demand orthodon-
tic treatment, with parental influence being strong for
preadolescents, but not for adolescents.14 However,
treatment success depends on many factors. One of
the most essential aspects for orthodontic treatment
success, especially when removable appliances are
used, is patient compliance. Lack of cooperation may
result in prolonged treatment time, suboptimal treat-
ment results, and treatment cessation.15,16 Different
predictors of orthodontic treatment compliance and
completion, such as quality-of-life measures, age, sex,
type of appliance, socioeconomic status, severity of

malocclusion, and treatment need have so far been
investigated.17 It has been shown that younger
adolescents were more compliant than older adoles-
cent patients and that cooperation gradually decreased
throughout the removable orthodontic appliance treat-
ment.15 Good patient–doctor communication, encour-
agement, and positive reinforcement from the clinician
and family members all improve removable appliance
compliance. Reminders and mobile phone applications
have a positive effect as well.18 In addition, patients that
pay for treatment seem to be more cooperative.19

However, there are still not enough solid data to help
improve patient compliance when using two-piece
removable functional orthodontic appliances such as
the TB appliance or the Sander BJ appliance.

The aim of this study was to determine factors that
could predict compliance in patients with Class II/1
malocclusion during functional orthodontic treatment.
The null hypothesis was that there would be no
differences in compliance between the two types of
appliances used. Alternative hypotheses were that
impaired EW and social well-being (SW) of children in
puberty would be the most important predictor of
compliance, more so when reported by children rather
than their parents, and that girls would be more
compliant than boys.

MATERIALS AND METHODS

The study sample was composed of 77 patients (41
boys, 36 girls) aged 11 to 13 years presenting with
Class II/1 malocclusion. Inclusion criteria were distal
molar occlusion, overjet (OJ) greater than 5 mm, and
acceleration of pubertal mandibular growth assessed
by the cervical vertebral maturation method12 (stages
CS3 or CS4). Of 82 eligible subjects who were invited
to participate, 1 refused, 2 did not fill out all
questionnaires, and 2 were excluded as a result of
traumatic injury to the incisors after the start of
treatment. All patients were treated with removable
functional appliances (62% TB appliance, 38% Sander
BJ) at the Department of Orthodontics, University
Dental Clinic in Rijeka, Croatia, and treatment began
between 2015 and 2018. Patients were assigned to the
TB or BJ appliance groups using online randomization
software (www.randomizer.org). The follow-up period
for each patient was 1 year.

Both the TB and the BJ appliances had an
expansion screw built into the maxillary plate. Labial
bows were built into both the maxillary and the
mandibular plates, and the acrylic behind the upper
incisors was not ground during treatment. Wax bite
registration was similar for both appliances (ie, 6 mm
average anterior positioning of the mandible and 4 mm
average vertical opening in the first molar area).
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Patients were instructed to wear the appliance over-
night and 4 hours during the day and to activate the
maxillary expansion screw one-quarter turn per week
during the first 6 months of treatment. OJ was
measured at every bimonthly appointment. Patients
with no OJ improvement that self-willingly discontinued
treatment after the first appointment and those with no
OJ improvement after 1 year of treatment (OJ
reduction � 2 mm with the OJ value � 5 mm) were
considered noncompliant.

Before the start of treatment, patients and their
parents independently filled out the Child Perception
Questionnaire (CPQ),20 Parental/Caregiver Perception
Questionnaire (PPQ),21 and Family Impact Scale (FIS),22

which were used to assess EW, SW, oral symptoms,
functional limitations, parental emotions (PE), family
activities, family conflicts, and financial burden as
possible predictors of cooperation during orthodontic
treatment. Oral symptoms were the presence of pain or
sores in the mouth, bad breath, or food stuck between
teeth; functional limitations were difficulties in chewing,
pronunciation, or sleeping; EW included feeling shy,
frustrated, upset, or concerned about teeth appearance;
and SW referred to situations such as being teased,
arguing with other children, or avoiding smiling or
speaking in front of others. PE were assessed by
situations such as being upset, uncomfortable in public
places, or worried that the child would have fewer life
opportunities; family activities included interrupting
parental daily routines or parents having less time for
other family members because the child required more
attention or needing to take time off from work; family
conflicts included the child being jealous, arguing, or
causing disagreements; and financial burden was
assessed by the question, ‘‘Has your child’s condition
caused financial difficulties for your family?’’

OJ value, type of appliance, and sex were also
analyzed. Two versions of the CPQ were used: the 16-
item Regression Short Form (RSF-16) and the Item-
impact Short Form (ISF-16) as well as the summary
measure of the 8-item quality-of-life impairment (CPQ-
8) in both forms (RSF and ISF). Children also reported
their self-assessed oral health on a 5-point scale (0 for
‘‘excellent,’’ 4 for ‘‘bad’’) and satisfaction with teeth
appearance (0 for ‘‘not at all,’’ 4 for ‘‘a lot’’).

The University of Rijeka Ethics Committee approved
the study (No. 2170-24-01-15-2), and written informed
consent was signed by each participant’s parents. The
study was performed according to the 1964 Declara-
tion of Helsinki and its later amendments.

Statistical Analysis

Differences between cooperative and noncoopera-
tive children were analyzed using the Mann-Whitney

and Fisher exact tests. The effect size was calculated
using Cramer V for the Fisher test and the formula r¼
Z/=N for the Mann-Whitney test. Values 0.1 to 0.3
were interpreted as small, 0.3 to 0.5 as medium, and
greater than 0.5 was a large effect size. Multiple logistic
regression was applied to analyze the predictors of
compliance with calculated odds ratios (ORs) and 95%
confidence intervals (CIs). For logistic regression, the
CPQ, PPQ, and FIS variables were dichotomized with
cut-off values ranging from �1 to �4 for dimensions of
children and parent perception of alteration of the
quality of life and family impact. The commercial
software SPSS version 22.0 (IBM Corp., Armonk,
N.Y.) was used.

RESULTS

The sample descriptive statistics are presented in
Table 1.

During the 1 year of treatment and observation, there
were more noncompliant than compliant patients (55%
vs 45%). Of the noncompliant patients, 17% self-
willingly discontinued treatment, whereas 83% kept the
appointments, but no significant OJ value reduction
was recorded.

Compliant patients had greater initial OJ values
compared with the noncompliant patients and had
greater self-reported oral health disturbance with a
small effect size (P¼ .014, r¼ 0.279 and P¼ .021; r¼
0.263; Figure 1). Greater dispersal of reported quality-
of-life dimensions (child perspective and parent per-
spective) as well as family relations impact was
observed (Figures 2 and 3). Other items reported by
children did not show significant differences. However,
it was noted that compliant patients were less pleased
with their smile esthetics, had more functional limita-
tions (child perception of functional limitations regres-
sion short form (FLr:C) and item-impact short form
(FLi:C)), disturbed emotional and SW (child perception
of EW [EW:C], child perception of social well-being
regression short form [SWr:C] and item-impact short
form [SWi:C]), and more overall quality-of-life impair-
ment (CPQ8r and CPQ8i) compared with the noncom-
pliant patients (Figure 2).

The parents’ perspectives of impairment in the
child’s EW (EW:P) and SW (SW:P) were higher in
compliant compared with noncompliant patients with a
small effect size (P ¼ .017 and .022, r ¼ 0.272 and
0.261, respectively; Figure 3). A high correlation
between the parents’ perspectives of the child’s EW
and SW was present (r¼ 0.771; P , .001). There were
no significant differences in other dimensions. Howev-
er, PE were noted to be higher in compliant patients.

The univariate analyses using the Fisher exact test
showed that the type of appliance had borderline
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significance; 69% were noncompliant in the BJ

appliance group, and 46% were noncompliant in the

TB appliance group (P ¼ .061). More girls than boys

were noncompliant (51% vs 49%), but without statis-

tical significance.

The multiple logistic regression analysis showed that

OJ, type of appliance, and parental perception of

alteration of the child’s EW were the only significant

predictors of compliance for functional orthodontic

treatment of Class II/1 malocclusion during puberty

(Table 2). Children’s self-assessed oral health and
teeth appearance satisfaction were not valid predic-

tors. Parental perception of altered EW in their children

Table 1. Sample Description

Variable Median Interquartile Range Mean 6 SDa Minimum-Maximum

Age 12 11–13 12.0 6 0.9 11–13

OJ 8.0 7–10 8.4 6 2.2 5–13

Self-assessed oral health (0 ¼ excellent, 4 ¼ bad) 2 1–3 2.3 6 1.1 0–4

Satisfaction with teeth appearance (0 ¼ not at all, 4 ¼ a lot) 2 1–2 1.8 6 1.0 0–4

Child FL RSF 0 0–2.5 1.7 6 2.9 0–14

Child SW RSF 0 0–2 1.4 6 2.1 0–9

Child EW RSF & ISFb 2 0–5.5 3.2 6 3.8 0–16

Child OS RSF & ISFb 4 3–6.0 4.8 6 2.8 0–13

Child FL ISF 2 0–4 2.7 6 3.1 0–15

Child SW ISF 1 0–3 1.8 6 2.2 0–11

Child CPQ RSF 8 sum 4 2–7 4.9 6 4.1 0–20

Child CPQ ISF 8 sum 6 3.5–10 7.3 6 5.3 0–30

Parental OS 4 2–7 5.1 6 3.8 0–19

Parental FL 3 0–6 4.6 6 5.7 0–25

Parental EW 1 0–6 4.1 6 5.8 0–26

Parental SW 1 0–4 3.4 6 5.1 0–24

PE FIS 1 0–2.5 1.7 6 2.3 0–11

Family activities FIS 0 0–2 1.1 6 2.0 0–11

Family conflicts FIS 0 0–1 0.7 6 1.6 0–7

Financial burden FIS 0 0–0 0.1 6 0.5 0–2

a SD indicates standard deviation; FL, functional limitations; and OS, oral symptoms.
b The same items from the RSF and ISF.

Figure 1. Comparison of characteristics of compliant and non-

compliant children (oral health ¼ child’s self-assessment of oral

health, satisfaction ¼ child’s self-reported satisfaction with teeth

appearance). Bars represent means and 95% CIs. Significant

differences between study groups are marked with parentheses

and asterisk.

Figure 2. Comparison of alteration of quality of life reported by

compliant and non-compliant children. CPQ8 indicates summary

alteration of quality of life/short-form Child Perception Questionnaire

(small letters r and i denote regression-impact and item-impact short-

form questionnaires, respectively); FL:C, child perception of func-

tional limitations; OS:C, child perception of oral symptoms; and

SW:C, child perception of SW.
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was the strongest predictor, increasing compliance
odds 3.4 times (95% CI, 1.2–9.4; P¼ .017). OJ equal to
or greater than 8 mm increased compliance odds 3.1
times (95% CI, 1.0–9.4; P ¼ .044). The TB appliance
increased compliance odds 3.2 times (95% CI, 1.1–
9.3; P¼ .033) compared with the Sander BJ appliance.

According to the multiple regression model that
analyzed previously stated predictors, 64% of cases
(80% of the compliant and 50% of the noncompliant
patients) were classified as predictable. Although this
indicated great data dispersal (large 95% CI), the
model was still considered valid for compliance
prediction because it predicted the majority of compli-
ant patients.

DISCUSSION

The purpose of this study was to determine factors
that could predict Class II/1 patient compliance with TB
and BJ appliances. Parents’ perspective was found to
be a compliance predicting factor, unlike psychosocial
issues and oral functions reported by the children.

The study confirmed a high rate of noncompliance of
Class II/1 pubertal patients treated with removable
functional appliances (53% noncompliant vs 47%
compliant). The patient cooperation problem with
removable appliances has been well-documented,
and some reported even higher rates of poor cooper-
ation.23 A systematic review and meta-analysis by Al-
Moghrabi et al.15 in 2017 stated that the actual wear
was almost 6 hours per day less than recommended.

Therefore, it was considered that both the patients that
discontinued treatment self-willingly (17%) and those
with no OJ reduction (83%), which probably fell into the
category of suboptimal appliance wear, were noncom-
pliant. Insufficient removable appliance wear could be
attributed to a number of reasons, including discom-
fort24 and embarrassment.25 Younger and privately
insured patients in Germany wore their appliances
longer, but because patients fulfilled only 65% of the
orthodontist’s requirements concerning wear time,
constant support and motivation is needed.19

English patients with larger initial OJ values (8 mm or
greater) were three times more compliant. Although
other issues reported by children did not show
significant differences, compliant patients were less
satisfied with the esthetics of their smile and had more
functional limitations, disturbed EW, and overall qual-
ity-of-life impairment. Taking into consideration that
patients commonly state dental and facial esthetics as
their chief complaint, increased OJ might be consid-
ered a significant factor of internal motivation. It has
been reported that the need to blend in with peers,
avoid negative social experiences, and improve both
physical well-being and EW increased the level of self-
motivation for orthodontic treatment in adolescents.
Consequently, compliance with the prescribed wear
time is expected to be much better in highly self-
motivated patients compared with those with no or low
self-motivation.18

According to the multiple logistic regression analysis,
the type of appliance was a significant compliance
predictor for functional Class II/1 orthodontic treatment.
Patients treated with the TB appliance were three times
more compliant compared with those treated with the
BJ appliance. One of the reasons might be the fact that
the BJ appliance contained prongs that might impinge
on tongue function. Al-Moghrabi et al.15 used a meta-
regression analysis to compare compliance with
extraoral and intraoral appliances and found that it
was not directly related to the type of the appliance. No
studies comparing TB and BJ appliance compliance
were found. However, similar clinical outcomes in
Class II/1 malocclusion treatment during puberty have
been reported regardless of the type of functional

Figure 3. Comparison of parental perception of altered quality of life

of their children and family impacts between compliant and non-

compliant children. EW:P indicates parental perception of EW; FA,

family activities; FB, financial burden; FC, family conflict; FL:P,

parental perception of functional limitations; OS:P, parental percep-

tion of oral symptoms; and SW:P, parental perception of SW

Table 2. Predictors of Compliance According to Logistic Regressiona

Variable B SE P Value OR (95% CI)

Parental EW (�2) 1.2 0.5 .017 3.4 (1.2–9.4)

Appliance (1 ¼ TB vs

0 ¼ Sander)

1.2 0.6 .033 3.2 (1.1–9.4)

OJ � 8 mm 1.1 0.6 .044 3.1 (1.0–9.4)

Constant �3.0 0.9

a Negelkerke Pseudo R 2 ¼ 0.247; P ¼ .001. B indicates logistic
coefficient; and SE, standard error.
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appliance.26,27 In addition, treatment success does not
depend solely on cooperation; patient genetics, age,
and morphological features play an important role.
Condylar angle has been identified as the best
predictor of favorable treatment response in mandibu-
lar deficiency patients.28 Nevertheless, functional ap-
pliances appear to be a viable treatment option also in
patients at the pubertal growth spurt exhibiting unfa-
vorable skeletal growth patterns.29

Parents’ perceptions of child’s altered EW also
improved compliance probability three times. Parents’
perspectives of the child’s EW and SW have high
correlations and share large parts of the common
variability, which is why, in the regression model, only
EW turned out to be a significant unique predictor.
Obviously, young adolescents find it difficult to express
their concerns, but parents notice that the issues with
which their children are dealing are emotional prob-
lems, which interplay with social integration. It was
reported that malocclusion severity in puberty in
Croatian patients was related to both psychosocial
well-being and oral function. However, functional
orthodontic treatment of Class II/1 malocclusion
induced greater effect in the psychosocial rather than
the oral function dimension.30

It appears that parents in England not only observed
and understood their children’s behavior but also that
they had a positive influence on cooperation with
removable appliances, particularly for those with
inconsistent compliance levels.18 When asked directly,
Scandinavian adolescents pointed out several factors
that helped them persevere in treatment, namely,
receiving parental support and motivation and encour-
agement from the dentist and developing individual
strategies such as using the thumb for measuring the
change of OJ and using Post-it notes as a reminder to
wear the appliance.31

The current results showed that sex had no influence
on compliance, which is in line with the findings of
Bartsch et al.32 in the German population. On the other
hand, Sahm et al.33 and Schäfer et al.19 reported
German girls to be more compliant with removable
orthodontic appliances, which was also expected to be
observed in the current study.

The advantage of this study was that it used
standardized questionnaires for the assessment of
psychosocial and functional issues, taking into account
children’s and parents’ perspectives and the role of
family relationships. The shortcomings were that it did
not directly ask patients what their reasons for poor
compliance were and did not quantify the daily wearing
of the appliance. Future studies should compare the
change in the quality of life between compliant and
noncompliant patients.

CONCLUSIONS

� Parental perception of the child’s EW alteration,
severity of malocclusion, and type of appliance are
major predictors of compliance.

� Patient compliance is better in patients whose
parents perceive their EW impairment, those patients
treated with the TB appliance, and those patients
with initially larger OJ values.

� Psychosocial issues and oral functions reported by
children and family impact are of negligible influence.
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