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Abstract
Background. The effectiveness of orthodontic treatment with removable appliances arouses controversy 
concerning the level of patients’ compliance. The compliance depends on factors controlled by the ortho-
dontists, by the patients themselves and by their caregivers, and those beyond any control.

Objectives. The purpose of this study was to assess the extent to which the personality traits of patients 
and their caregivers affect the cooperation in removable appliance therapy.

Material and methods. A total of 38 patients (19 boys, 19 girls) aged 9–12 years, presenting malocclu-
sions suitable for removable appliance therapy were randomly selected. The EAS-C Temperament Ques-
tionnaire, Generalized Self-Efficacy Scale, NEO-Five Factor Inventory and Parental Attitude Scale developed 
by Plopa were employed to evaluate the patients’ and the caregivers’ temperamental dispositions. Elec-
tronic sensors were employed to objectively assess patients’ cooperation.

Results. Statistical analysis revealed a high positive correlation between removable appliance wear time 
and the results of the GSES and the SPR-R, a strongly positive correlation between wear time and the NEO-
FFI-C results and a strongly negative correlation between wear time and the EAS-C-Emo measurement. 
The level of a generalized sense of efficacy, conscientiousness and the severity of requirements imposed 
on the child were the factors related to the caregivers, positively correlating with patients’ cooperation.

Conclusions. The cooperation of children treated with removable appliances may be foreseen with obser-
vation of the patients’ and their caregivers’ traits. Objective evaluation of the patients’ cooperation and psy-
chological tests may be valuable tools for the re-assessment of the paradigm of early orthodontic treatment.
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Introduction

According to  various epidemiological studies, maloc-
clusions affect approx. 20–93% of the population.1,2 Anal-
yses based on the NHANES III survey, one of the most 
often cited studies, show that about 2/3 of the population 
is battling against some form of abnormal occlusion. Giv-
en these numbers, it seems reasonable to say that maloc-
clusions are very common disorders.3 It  is therefore not 
surprising that in many countries orthodontic treatment 
costs are covered by the insurance fund, however an ob-
jective reimbursement requires establishing and develop-
ing consistent, uniform procedures for the most effective 
treatment of malocclusions. 

In early and interceptive treatment, removable dental 
appliances such as plates and, most often, functional ap-
pliances, are frequently used. Many clinicians apply them 
during the  retention period following the  active phase  
of  orthodontic treatment with fixed appliances. Ortho- 
dontic treatment with removable appliances arouses 
controversy because of 2 aspects: (1) the need to achieve 
an adequate level of patient compliance; and (2) contra-
dictory results of the analyses on the effectiveness of such 
treatment.4–8 

Patient compliance may depend on  many factors. 
Some of them are controlled by the orthodontists, some 
by  the  patients themselves and their caregivers, and 
some of  them are beyond any control. Regularity and 
daily appliance-wearing time may therefore depend 
on  the child’s character traits, the parents’ specific dis-
positions and the  nature of  their conduct.8 According 
to several authors, wearing a removable appliance is pro-
health behavior, which over time may become a  habit; 
however, at the beginning of treatment it requires a high 
level of monitoring and commitment on the part of care-
givers supervising the child’s behavior.8 

As for fully-objective monitoring of a daily appliance- 
wearing, it  was, for many years, technically impossible. 
It affected not only clinical procedures, but also reliabil-
ity; patient compliance could have a  substantial impact 
on  the  results of  various studies on  the  effectiveness  
of  removable appliances, thus likely influencing treat-
ment strategies.4 It was not until recently that this prob-
lem was solved as the emergence of electronic systems for 
checking patients’ compliance has finally helped assess 
the real daily appliance-wearing time. 

Subsequently, one of the key questions arises: Is it possi-
ble to predict the degree of patients’ compliance in ortho- 
dontic treatment before it begins? Therefore, the purpose 
of our work was to assess the extent to which the person-
ality traits of patients and their caregivers correlate with 
the  actual degree of  cooperation in  orthodontic treat-
ment with removable appliances. Based on the literature, 
it  was assumed that the  formal features of  the  child’s 
temperament may be decisive when it comes to adopting 
a  new pro-health attitude.8–12 It  was also assumed that 

the effectiveness of motivating a child to systematically 
wear a removable appliance may depend on the caregiv-
ers’ dispositions such as a strong sense of self-efficiency, 
personality dispositions and parental attitudes. 

Material and methods

Material

A  group of  202 randomly selected patients were ex-
amined. Finally, 38 patients (19 boys and 19 girls) meet-
ing the  following inclusion criteria (Fig. 1) participated 
in the study:

•	 age 9–12 years;
•	 generally healthy, no syndromes or clefts;
•	 malocclusion likely to improve by means of active plate 

or twin block: light to moderate crowding in the upper 
front area, class II functional shift, pseudo class III, bi-
lateral cross-bite due to narrow upper dental arch.

Figure 1. Consort flow diagram of the study 
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Table 1. Description of tests used

Test Description Range

GSES

level of a generalized sense 
of efficacy in the parent involved 
in implementing the set 
of recommendations

the range that 
may be obtained 
is 10–40 points, 
the higher the score, 
the stronger  
the disposal

Neo-FFI N
basic parent personality trait: 
neuroticism

for each 
of the subscales, 
the result can be 
a value of 0–48, 
the higher it is, 
the greater 
the severity 
of the measured trait

Neo-FFI E
basic parent personality trait: 
extraversion

Neo-FFI O
basic parent personality trait: 
openness to experience

Neo-FFI A
basic parent personality trait: 
agreeableness

Neo-FFI C
basic parent personality trait: 
conscientiousness

EAS-C-Emo

patients’ temperamental 
dispositions understood 
as inherited personality 
traits: children’s tendency 
to experience emotions intensely

for each 
of the subscales, 
the result may be 
a value of 5–25, 
the higher it is, 
the higher 
the severity 
of the measured trait

EAS-C-Act

patients’ temperamental 
dispositions understood 
as inherited personality traits: 
activity

EAS-C-Soc

patients’ temperamental 
dispositions understood 
as inherited personality traits: 
sociability

EAS-C-Shy

patients’ temperamental 
dispositions understood 
as inherited personality traits: 
shyness

SPR A

measurement of the level 
of the following parental 
attitudes towards the child: 
acceptance-rejection

for each 
of the subscales, 
the result may be 
a value of 10–50, 
the higher it is, 
the higher 
the severity 
of the measured 
characteristics

SPR R

measurement of the level 
of the following parental 
attitudes towards the child: 
the severity of requirements 
imposed on the child

SPR Aut
measurement of the level 
of the following parental attitudes 
towards the child: autonomy

SPR I

measurement of the level 
of the following parental 
attitudes towards the child: 
inconsistency

SPR P

measurement of the level 
of the following parental 
attitudes towards the child: 
excessive protection

Methods

All patients’ and their caregivers’ personality traits 
were psychologically tested by  the  same psychologist 
(B.L.). The  suitable questionnaires (Table 1) were filled 
prior to the beginning of treatment. 

Based on an analysis of the literature, psychological vari-
ables that may be predictors of the level of cooperation of pa-
tients and their parents during treatment were selected.8–12

To investigate the patients’ temperamental dispositions, 
understood as  inherited personality traits, the  EAS-C 
Temperament Questionnaire, version for children as-
sessed by their parents, was used.13 The A. H. Buss and R. 
Plomin EAS Temperament Survey provided the theoreti-
cal basis for the questionnaire.14,15

The caregivers’ involvement in helping the child adhere 
to  the  recommended treatment regimen was evaluated 
with a questionnaire specially designed for this purpose. 
To investigate the caregivers’ temperamental dispositions 
and their parental attitudes, the  following standardized 
measurement instruments were used:

•	 GSES (Generalized Self-Efficacy Scale) – a  tool com-
monly used in  the  study of  the  relationship between 
a  sense of  self-efficacy and taking various health be-
haviors. It  shows a well-validated correlation between 
the  level of  pro-health behavior of  an  individual and 
forming health-related habits;

•	 NEO-FFI Personality Inventory (NEO-Five Factor Inven-
tory) – which allows for reliable measurement of the 5 main 
features described in the model of personality by Costa and 
McCrae. It has frequently been applied to examine the re-
lationship between personality traits and adopting healthy 
behavior and the level of cooperation of the patient with 
the doctor.16 It displays conscientiousness: a tendency to be 
organized and dependable, showing self-discipline, acting 
dutifully and being aimed for achievement;

Table 2. Average daily wear time

Patient no. Average daily 
wearing time Patient no. Average daily 

wearing time

1 7.45 20 4.40

2 7.40 21 6.25

3 4.95 22 9.00

4 6.80 23 7.00

5 4.30 24 7.50

6 10.00 25 5.75

7 8.40 26 9.20

8 7.44 27 6.26

9 4.37 28 9.40

10 8.05 29 7.12

11 5.18 30 7.80

12 7.75 31 5.40

13 6.65 32 8.07

14 7.95 33 8.31

15 15.00 34 8.05

16 11.15 35 9.45

17 9.20 36 10.73

18 9.70 37 8.17

19 1.38 38 13.72
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months. The patients were instructed to wear the appli-
ances at night (for at least 10 h) and during the day (for 
at least 2–4 h), so that the minimal wear time in total was 
at least 12 h.

The correlation between personality traits and the pa-
tients’ cooperation was statistically tested. Statisti-
cal calculations were made using STATISTICA v. 12.0 
software (StatSoft, Inc., Tulsa, USA). In addition, in or-
der to  verify the  assumption about bivariate normal 
distribution, the  R Package mvnormtest and the  MVN 
were used.18–22 Due to the assumption of 2-dimensional 
normal distribution in  the  test of  significance of  Pear-
son correlation coefficient, for each considered pair  
of  variables, normality tests were performed. For each 
variable, the  Shapiro-Wilk test was made separately. 
In  the next step, the  linear correlation was checked us-
ing the Pearson’s r coefficient. Statistical significance was 
established at p < 0.05.

All parents and caregivers signed an informed consent 
for participation in the study, which obtained the approv-
al of the Ethical Review Committee no. KB-322/2014.

Results

The  results consisted of  primary and secondary out-
comes. The  primary outcome revealed that the  average 

•	 Parental Attitude Scale developed by Plopa – which al-
lows for reliable measurement of the relevant charac-
teristics of parental attitudes, expressed in parental be-
havior. It has previously been repeatedly used to study 
the relationship between the attitude toward the child 
and parent variables such as  the  level of  motivation 
of  the  child’s social skills, and health.17 It  displays 
the severity of  requirements imposed on the child – 
the level of excessive requirements imposed on a child 
increases the  degree of  subordination of  the  child 
(the patient) to medical recommendations.

In order to assess patient cooperation objectively, elec-
tronic sensors (TheraMon®) were mounted in all remov-
able appliances. TheraMon is  a  new microelectronic 
temperature sensor system. It  enables an  objective and 
reliable measurement of wear time of a removable appli-
ance. The  microsensor is  only visually perceptible and 
had no effect on  the  patient’s perceived comfort when 
wearing the orthodontic device. The TheraMon system 
is also resistant to attempts of manipulation by  the pa-
tient, and allows the  identification of  such behavior.  
As proved, the data received is fully reliable, and it is pos-
sible to assess the length of time during which the appli-
ance is in the patient’s mouth to an accuracy of 15 min.4 
At check-up appointments, the data stored in the micro-
sensor can be read, using a  TheraMon read-out device 
connected with a PC via a USB interface. Measurements 
were carried out and read every 6 weeks for 9 consecutive 

Table 3. Statistical power determined for the test of significance  
of Pearson’s r coefficient

Daily removable 
appliance wear 

time and:
Power Nsig (significance 

power = 0.9)

* – test 
confirmed 
with power 

analysis

GSES 0.923 36 *

Neo-FFI N 0.820 49

Neo-FFI E 0.117 653

Neo-FFI O 0.082 1 331

Neo-FFI A 0.063 3 260

Neo-FFI C 1.000 15 *

EAS-C-Emo 0.951 32 *

EAS-C-Act 0.733 60

EAS-C-Soc 0.283 198

EAS-C-Shy 0.058 5 209

SPR A 0.752 57

SPR R 0.982 25 *

SPR Aut 0.784 54

SPR I 0.761 57

SPR P 0.109 740

Nsig – sample size needed to achieve statistical significance with 
the significance level p = 0.05 and statistical power equal to 0.9; 
* statistically significant results (p < 0.05); bold – variables, in which case 
normal distribution was rejected.

Table 4. Normality test results (statistically significant result achieved 
in the case of one or the other test means that the hypothesis 
of 2-dimensional normal distribution was rejected)

Variable

Shapiro-Wilk

1-dimensional multidimensional

SW p-value SW p-value

Daily removable 
appliance wear 
time

0.959 0.1777

GSES 0.941 0.0442* 0.945 0.0621

Neo-FFI N 0.906 0.0037* 0.960 0.1935

Neo-FFI E 0.895 0.0019* 0.961 0.2049

Neo-FFI O 0.979 0.6946 0.960 0.1840

Neo-FFI A 0.963 0.2401 0.972 0.4347

Neo-FFI C 0.946 0.0650 0.930 0.0207*

EAS-C-Emo 0.952 0.1075 0.837 0.0001*

EAS-C-Act 0.937 0.0339* 0.966 0.2925

EAS-C-Soc 0.956 0.1434 0.961 0.2103

EAS-C-Shy 0.917 0.0082* 0.948 0.0742

SPR A 0.917 0.0081* 0.959 0.1746

SPR R 0.959 0.1731 0.939 0.0383*

SPR Aut 0.897 0.0022* 0.905 0.0035*

SPR I 0.928 0.0168* 0.934 0.0263*

SPR P 0.973 0.4804 0.963 0.2407

* statistically significant results (p < 0.05); bold – data in which at least  
1 test gave a statistically significant result.
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patient cooperation). Functional appliances are used for 
growth modification in orthodontic treatment, however 
after appropriate modifications they widen and correct 
the maxillary transversal dimension. The most frequent-
ly applied type of such an appliance is the twin block, also 
used as  the  only functional device in  this study, in  or-
der to minimize the  impact of appliance-related factors 
on the degree of patient compliance.4–7,23,24 

Our study included patients aged 9–12 years. This age 
range may raise doubts as far as the ideal timing of orth-
odontic correction because at  least part of  the  treated 
patients were before the  pubertal spurt. According 
to  a  study by  Bacetti et al., orthodontic treatment with 
twin block during the pubertal spurt is statistically more 
effective in  overjet correction than early, pre-pubertal 
treatment.24 It  seems therefore that pre-pubertal treat-
ment is actually not ineffective, but it simply affects only 
a  part of  the  stomatognathic system to  a  lesser extent. 
It  should nevertheless be said that we did not intend 
to  analyze the  effectiveness of  orthodontic treatment 
dependent on  its timing, but only the  factors affecting 
the level of patient compliance. It must be kept in mind 
that some of our patients were treated with Schwarz ap-
pliances, and interceptive treatment and early expansion 
of the jaw should, by definition, be carried out at the age 
of 9–11 years, before the pubertal growth spurt.7,23

Hönn et al. and Evans have pointed out that the  level 
of patient compliance during treatment with removable 
appliances may be the “hidden” factor, without which any 
discussion about the  effectiveness of  early orthodontic 
treatment, especially by growth modification, makes no 
sense.5,6 At  the  same time, in  many studies this aspect 
is either completely neglected when discussing therapeu-
tic results, or dismissed with the laconic statement “good 
or bad”.23,24 Therefore, based on the studies undertaken 
in recent years, it might be only very cautiously conclud-
ed that adult patients are more truthful than children 
and adolescents when reporting the appliance wear time 
to  their doctors. According to some authors, adherence 
to  the  doctor’s orders in  younger patients may largely 
depend on  parental control and the  parental approach 
to  orthodontic treatment.4,8,25–27 Such a  statement has 
been fully supported by the results achieved in this study. 
The degree of patient cooperation demonstrated a strong 

daily wearing time (6.09 h/day) was generally shorter 
compared to  the  instructions given to  the  patients. 
The shortest average daily wearing time was 1.38 h/day 
and the longest was 15.00 h/day (Table 2). As for the sec-
ondary outcome – assessing the  correlations between 
specific psychological test results of  patients and their 
caregivers and average daily wearing time of the remov-
able appliances – the  power analysis of  the  statistical 
tests resulted in a rejection of some measurements (Table 
3), but it should be noted that all of the tests, for which 
the coefficients of correlation were high or very high, met 
the assumptions of the test power analysis (Tables 4–6). 

Discussion

Statistical analysis showed a strong positive correlation 
between removable appliance wear time and the measure-
ment results of the GSES and the SPR-R (0.5 < r < 0.7), and 
NEO-FFI-C (0.7 < r < 0.9). The correlation between re-
movable appliance wear time and the EAS-C-Emo mea-
surement results was strongly negative (–0.5  >  r  >  0.7) 
(Tables 3–6). Such results fully confirmed the  assump-
tions that some personality traits of  patients and their 
parents may significantly influence the compliance dur-
ing orthodontic treatment. Namely, the  emotionality 
of the child (negatively correlating with the degree of co-
operation) as  well as  the  severity of  the  requirements 
imposed on the child, a sense of self-efficacy and consci-
entiousness of the parents (all correlating positively with 

Table 5. Correlations of psychological variables with daily  
appliance-wearing time 

Daily removable 
appliance wear 

time and:

Pearson’s 

correlation 
coefficient r

statistics  
value t p-value

GSES 0.511 3.568 0.0010*

Neo-FFI N -0.446 -2.989 0.0050*

Neo-FFI E 0.126 0.765 0.4494

Neo-FFI O -0.089 -0.535 0.5962

Neo-FFI A -0.057 -0.341 0.7351

Neo-FFI C 0.721 6.242 0.0000*

EAS-C-Emo -0.540 -3.845 0.0005*

EAS-C-Act -0.406 -2.664 0.0115*

EAS-C-Soc -0.228 -1.405 0.1685

EAS-C-Shy -0.045 -0.270 0.7890

SPR A 0.414 2.728 0.0098*

SPR R 0.591 4.400 0.0001*

SPR Aut -0.428 -2.842 0.0073*

SPR I -0.418 -2.759 0.0091*

SPR P -0.119 -0.718 0.4771

* statistically significant results (p < 0.05); bold – variables, in which case 
normal distribution was rejected; bold and underlined – the results 
in which statistical power was confirmed.

Table 6. Variables affecting the expected daily removable appliance  
wear time

Daily removable 
appliance wear 

time and:

Pearson’s 

correlation 
coefficient r

statistics 
value t p-value

GSES 0.511 3.568 0.0010*

Neo-FFI C 0.721 6.242 0.0000*

EAS-C-Emo -0.540 -3.845 0.0005*

SPR R 0.591 4.400 0.0001*

* statistically significant results (p < 0.05).
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or  very strong correlation with the  3 characteristics  
of  their caregivers (GSES, SPR-R and NEO-FFI-C) and 
with only 1 feature of children (EAS-C-Emo). 

Many published studies suggest the role of selected per-
sonality characteristics of  patients, including children’s 
and young individuals’ level of cooperation with the clini-
cian. This also applies to orthodontic therapy.12,28 In fact, 
based on numerous studies and empirical data indicating 
the role of the personality traits of the parents and their 
parenting style in their children’s health behaviors, it is as-
sumed that these traits and attitudes toward education 
may also be important for monitoring the effectiveness  
of  orthodontic therapy.29,30 Moreover, self-efficacy, 
a  term derived from social learning theory, understood 
as  the  belief that one is  able to  accomplish the  estab-
lished goals, is  a  variable whose critical role in  form-
ing health behavior and cooperation in  the  treatment 
of  diseases has been amply demonstrated empirically.15 
Earlier studies on  the determinants of  the effectiveness 
of the therapy and prevention of dental diseases in chil-
dren indicate the  importance of  the self-efficacy beliefs 
of the parents and their level of self-esteem in monitoring 
their children’s health behaviors.12,31,32 This study showed 
that a  sense of  self-efficacy is  also of  great importance 
in the effectiveness of orthodontic treatment of children 
and adolescents.

In order to determine some of the caregivers’ person-
ality traits relevant to healthy behavior, we have chosen 
standardized, psychological tools, with proven accuracy 
and reliability, used many times previously in  scien-
tific research, including the  study of  various problems 
in  the  field of  pro-health psychology.17,31,33–36 However, 
in the case of the patients themselves, one problem might 
have been their young age, which didn’t allow them to fill 
in  the  study questionnaire themselves. Because of  that, 
using the EAS-C Temperament Questionnaire, which al-
lows for data about the characteristics of their personality 
from their parents, is fully justified. Oniszczenko showed 
that this tool is also appropriate for the age group stud-
ied due to the fact that it measures personality traits that 
have a strong hereditary component and already manifest 
themselves in behavior in the early stages of child deve- 
lopment.13

The  results of  our study seem to  be promising due 
to the following issues. Firstly, they may affect the plan-
ning and conducting of  scientific research on  the  treat-
ment of  malocclusions using removable appliances.  
We showed that generally patients wear appliances much 
less than recommended. We also proved that the  de-
gree of  compliance can be quite accurately predicted 
based on  a  study of  the  personality traits and attitudes 
of the children and parents with the use of self-descriptive 
psychological questionnaires. It  may be considered that 
such results undermine the purposefulness of the current 
discussions about the effectiveness of orthodontic treat-
ment, or  at  least underestimate the  significance of  stu- 

dies thereon. Should this be the case, the following may 
always be added: “with uncontrolled level of compliance”. 
At the same time, however, they bring hope that in the fu-
ture such studies will be planned much more precisely. 
In other words, a personality inventory for children and 
their parents, and a system of monitoring the daily remov-
able appliance wear time objectively will become a  sine 
qua non condition in efficient orthodontic treatment. 

Developing a  simple system for predicting the degree 
of patient compliance before the beginning of treatment 
with a removable appliance is important from the clini-
cal point of  view. The  use of  research instruments de-
veloped in  cooperation with a  psychologist to  measure 
the  patients’ and caregivers’ dispositions may be useful 
when it  comes to  deciding whether to  attempt orth-
odontic or early malocclusion treatment or to postpone 
the therapy and implement an alternative treatment op-
tion (e.g., camouflage) at  a  later age. Another purpose 
in the area of clinical practice may be to design a support 
program for parents experiencing difficulties in monitor-
ing the treatment of their children because of their tem-
perament traits, which constitute a barrier to adherence 
to  orthodontic recommendations. The  financial aspect 
is also worth emphasizing: the  introduction of new ele-
ments – psychological assessment and objective control 
of compliance – in the planning and conducting of early 
orthodontic treatment may help develop more effective 
and economical methods for treating malocclusions 
in children with public funds or insurance systems. 

Nonetheless, we also feel obliged to list some limitations 
of  this study. Firstly, we based an  objective assessment 
of  patient cooperation on  less than 1 year of  observation. 
However, it  is currently impossible to extend the duration 
of the study, since there are no sensors available on the mar-
ket which measure the conditions of the oral cavity for over 
9 months. Secondly, although our psychological measure-
ments may constitute a reliable tool that allows us to predict 
the  degree of  future cooperation during the  orthodontic 
treatment, such data needs confirmation while evaluating 
a larger group. Such a study is already underway.

Conclusions

The cooperation of children treated with removable ap-
pliances may be predicted with a high level of probability 
with the observation of some patients’ and their caregiv-
ers’ traits. These observations may be numerically as-
sessed and confirmed with standard psychological tests.

The  presented link between the  children’s tempera-
mental traits and the level of adherence constitutes a good 
reason to conduct qualitative research, which would make 
it  possible to  identify intermediary mechanisms (such 
as parents’ convictions, their habitual behaviors and meth-
ods of affecting the children’s behavior), which go between 
the  parents’ dispositions and the  regularity of  wearing  
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a  removable appliance by  their children. This will indi-
rectly enable the isolation of specific problems experienced 
during orthodontic treatment by parents of very active and 
emotional children. The ultimate purpose of such an ex-
tended study is  to  develop an  instrument that would al-
low researchers to define the psychological factors in a po-
tential patient and their caregiver, which predispose them 
to obediently follow orthodontic recommendations. 

It  may ultimately be concluded that, regardless 
of  the  relatively small group of  patients examined, our 
pilot study has proved that psychological tests and new 
electronic systems for the objective assessment of patient 
cooperation may be valuable tools for a  re-assessment 
of the paradigm of early orthodontic treatment. 
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