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INTRODUCTION

The ultimate purpose of dental
orthodontic treatments is improving oral health and
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ABSTRACT

Background: Since general dentists (GDs) usually act as the primary referral source for the
patients in need of orthodontic treatments, having the proper knowledge and understanding of the
accurate diagnosis of clinical situations is very important.The aim of this study was to assess GDs
about the identification of orthodontic treatment needs and their referral practices.

Materials and Methods: This descriptive and analytical cross-sectional study was carried out in
Iran 2020.A questionnaire consisting of three main parts was designed and distributed electronically
among GDs.The first section included | | image and scenario-based questions meant to assess the
ability of GDs to correctly diagnose the orthodontic treatment needs of the patients. The next
two parts were to assess the dentists’ knowledge of the necessity of referral to an orthodontist
with || questions, and the proper timing of orthodontic treatments with 8 questions. Data were
analyzed using SPSS 26, by conducting Mann—Whitney, Kruskal-Wallis,and correlation tests o. = 0.05.
Results: Among 384 participated dentists, 50.3% (193) were female.The mean score of knowledge
was 17.3 + 3.5 out of 30.The highest percentage of good knowledge (70% of range) was related
to the diagnosis of orthodontic problems, while the lowest one belonged to the referring pattern.
There was a weak positive correlation between the working experience and the proper timing of
referral (R=10.15, P = 0.004 (. Kruskal-WVallis test also showed a significant difference between the
total knowledge scores (P = 0.04) and the knowledge of the proper timing of treatment (P = 0.04)
based on the age groups of participants. Eighty-seven percentage (n = 334) reported that they
would refer the patients in need of orthodontic treatment.

Conclusion: The knowledge level of orthodontic treatment needs among GDs was moderate,
thus emphasizing the importance of planning more educational courses for them to improve their
knowledge, thus reducing the possible detriments of postponed or inaccurate treatments.
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referrals

consequently, the patients’ related quality of life.!!
Having aligned teeth and a beautiful smile usually leads
to improved self-esteem in social relationships.l?! This
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fact, in addition to the increase in the prevalence of
malocclusion, could justify the recently growing number
of patients seeking orthodontic treatments.?! Based on
a meta-analysis, the prevalence of normal occlusion,
Class I, II and III malocclusions in the Iranian adult
population is 13.3% (confidence interval [CI] 95%:
7.8-21.7(, 50.7% (CI 95%: 42.9-58.4), 21% (CI 95%:
17.5-25.1(and 5.5% (CI 95%: 3—10(, respectively.*!

The majority of orthodontic treatments are traditionally
provided by specialists;'®) however, a substantial
number of general dentists (GDs) appear to provide
some type of orthodontic service.[®! GDs usually act
as the primary referral source for the patients in need
of orthodontic treatments; therefore, having the proper
knowledge and understanding regarding the accurate
diagnosis of clinical situations requiring timely
treatment, as well as necessary referral to specialists,
can be of paramount importance.”

American Association of Orthodontists states that
graduated dentists should be able to design and adjust a
space maintainer device; they should also have the ability
to diagnose and manage space-related problems, as well
as being familiar with single tooth movement or moving
part of the dental arch by using functional orthodontic
appliances. It is also stated that in orthodontic treatments,
understanding the proper timing of the treatment is a key
factor in achieving the optimum results and reducing the
time and cost of postponed treatments.['”

Referral to the orthodontist by a GD usually occurs
when diagnosis and treatments are out of their ability
or when during the orthodontic treatment, for various
reasons including the complexity of the treatment
or prolongation of treatment time, patients prefer to
continue the treatment under the supervision of an
orthodontist.*®! In a study of the orthodontic referral
behavior of dentists, it was reported that only a small
number of them were able to correctly identify the
appropriate timing of referral.['!

Unfortunately, there are limited studies evaluating
dentists’ knowledge of orthodontic treatments and
referrals to specialists in Iran. The present study, thus,
aimed to assess the GDs knowledge regarding the
diagnosis of the necessity of orthodontic treatment
and their referral practice.

MATERIALS AND METHODS

This descriptive cross-sectional study was carried
out among 466 GDs in Isfahan, Iran, in 2020. The

study was designed in accordance with the Ethical
Declaration of Helsinki on medical protocol. In
addition, the Regional Ethical Review Board of
Isfahan University of Medical Sciences approved the
study with the ethical code “IR.MUILRESEARCH.
REC.1399.831.” Informed consent was obtained
from all participants and their information was kept
confidential.

The sample size was calculated to be 460 by using
Nz’pl-p
N-1d*+Z’pl-p
number of target statistical population (GD); it was
considered as 1500 based on the Medical Council
reports. In a similar study done by Jackson er al. in
2009, only 20% (p) of GDs had an acceptable
knowledge of the necessity of referral to an
orthodontist. A minimum difference of 3% (d) was
considered statistically significant and the CI was set
as 95%. Inclusion criteria included GDs working in
Isfahan province for at least 1 year. The exclusion
criteria were those questionnaires that about two
third of the questions were not filled out. Considering
the COVID-19 pandemic, we used the convenience
sampling method (the participation was voluntary and
the sampling was continued until reaching the proposed
sample number). Therefore, an electronic questionnaire
was designed and its link was distributed in the social
virtual groups (Telegram) of GDs’ societies such as the
Isfahan General Dental Association and Isfahan Dental
School graduation group. The permissions to access
and distribute questionnaires were gained from the
admins of these virtual groups. The sampling period

with weekly reminders took 3 months.

the formula:n = , Where N is the

The validity of the questionnaire was evaluated by a
panel of experts including four orthodontists and one
Dental Public Health specialist. To grade the relevancy
of each question with the objectives of the study, the
experts were asked to score the questions using a
five-point Likert (1 = Very highly relevant — 5 = Very
weakly relevant). Furthermore, the experts were asked
to give their comments. Finally, questions with a
mean score of 2 or above were modified or omitted
and the questionnaire was re-evaluated for the final
confirmation. Correct answers to the questions were
determined based on orthodontic reference books
and experts’ personal opinions. The reliability of
the questionnaire was confirmed using correlation
coefficient (0.76, split Gottman test!'¥) among 48 GDs
of the pilot study.
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The finalized questionnaire consisted of three main
sections. The first section included 11 image and
scenario-based questions meant to assess the ability of
GDs to correctly diagnose the orthodontic treatment
needs of the patients. Cases were selected based on
the importance and prevalence of the problems™
related to lip and palate cleft, anterior and posterior
crossbite, bimaxillary protrusion, deep bite, thumb
sucking open bite, crowding, midline displacement,
space deficiency, dilaceration, tipping and spacing of
anterior teeth.

The second part included 11 questions which were
meant to evaluate the knowledge of determining the
correct cases among the previous cases for referral
to the orthodontist. In the final part, knowledge of
the proper timing of the treatment was evaluated
using eight questions focusing on different types
of malocclusions.>!'! Demographic data (age, sex,
and work experience) and experience of attending
continuing education or complementary orthodontic
courses were also investigated at the end of the
[Questionnaire].

Statistical analysis

Each question was scored as O (incorrect) or
1 (correct); accordingly, the total score of the
questionnaire was between 0 and 30. We used the
mean, standard deviation and frequency of answers
to each part; on the other hand, #-test, ANOVA, or
nonparametric equivalent tests were applied to present
the data and evaluate the association between the
age, work experience, and continuing education or
complementary orthodontic courses and the total score
of the questionnaire; this was done using SPSS (IBM
SPSS Statistics for Windows, Version 22.0. Armonk,
NY, USA: IBM Corp) (a = 0.05).

RESULTS

A total number of 384 completed questionnaires were
returned (response rate = 83%). The demographic
characteristics of the dentists are presented in
Table 1. The mean age and work experience were
37.8 £ 8.7 (24-61) and 11.8 + 8.4 (1-35 years),
respectively. 50.3% (n = 193) of the participants
were females and 19.5% (n = 75) had the experience
of attending orthodontic complementary courses.
36.7% (n = 140) claimed that they had self-studies
in the field of orthodontic treatments. Also,
87% (n = 334) reported that they would refer the
patients in need of orthodontic treatment if they

Table 1: Working experience and demographic
characteristics of the participated general dentists

Variable Frequency (%)
Age groups (years old)
24-34 154 (40.1)
35-45 152 (39.6)
46-62 78 (20.3)
Gender
Male 191 (49.7)
Female 1983 (50.4)
Working experience (years)
1-7 140 (36.6)
8-14 114 (29.8)
15-21 74 (19.3)
22-28 36 (9.4)
29-35 19 (5)
Experience in attending orthodontic courses
and seminars
Yes 75 (19.5)
Personal studies in the field of orthodontics
Yes 141 (36.7)
Referral of patients in need of complex
orthodontic treatments
Yes 334 (87)

realized that the proper treatment was beyond their
capabilities.

The mean score of knowledge was 17.3 + 3.5 out of
30 (5-27). Regarding the proper timing of orthodontic
treatment, this was 4.9 £ 1.7 out of 8 (0-8). The
mean score related to the knowledge of identification
of the orthodontic treatment need and the necessity of
referral to an orthodontist was 1.8 + 5.4 from 11 (1-
9) and 6.8 + 1.5 from 11 (2-11), respectively.

Considering the minimum score of 70% as good
knowledge, total knowledge, knowledge of the proper
timing of treatment, knowledge of the identification
of the need for orthodontic treatment, and knowledge
of the necessity of referral to the orthodontist were
reported as qualitative variables [Figure 1]. The
highest percentage of good knowledge was related to
the diagnosis of treatment need, while the lowest one
belonged to the proper timing of the treatment.

Based on the Kolmogorov—Smirnov test, the
distribution of knowledge mean scores was not
normal; therefore, nonparametric tests were used for
the comparison of the groups and calculation of the
possible effect sizes. Spearman coefficient showed a
direct, weak and positive correlation between age and
total knowledge (R = 0.1, P = 0.04), and between age
and knowledge of the necessity of referral (R = 0.16,
P = 0.001). A significant positive correlation was
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Figure 1: Level of total knowledge, knowledge of the timing of
treatment, knowledge of diagnosis of orthodontic problems, and
knowledge of the necessity of referral in GDs. GDs: General
dentists.

also detected between the three subdomains of
knowledge (P < 0.001, R = 0.17 for the correlation
between timing and necessity of referral, » = 0.27
between diagnosis and timing, and r = 0.24 for
the correlation between diagnosis and necessity of
referral).

The work experience of the dentist had a
significant positive and weak correlation only
with the knowledge of the proper timing of

treatment (R = 0.15, P = 0.004). Kruskal-Wallis
test also showed a significant difference in the total
knowledge score for different age groups (P = 0.04).
The highest difference was between the 24 and 34
age group and others (16.6 + 3.3, in comparison
to 17.5 £ 3.5 in the 35-45 age group and 17.7 + 4
in the 46—61 one). Furthermore, knowledge of the
timing of treatment was significantly different among
different age groups (P = 0.04); again, the highest
difference was between the 24 and 34 age group and
others (4.5 = 1.7 in comparison to 5.2 + 1.5 in the
35-45 age group and 5.3 £ 1.6 in the 4661 one).

Mann—Whitney U test did not show a significant
difference between the total knowledge score and
three subdomains based on gender. There was no
significant correlation between knowledge scores and
the experience of attending the orthodontic related
continuing education or complementary courses.

Besides this, no significant correlation was detected
between knowledge scores and personal self-studies
in orthodontics.

Table 2 demonstrates the percentage of correct
answers to the questions. Regarding the need for
orthodontic treatment, cleft lip and/or palate had the
highest frequency of correct responses. Meanwhile,
problems related to mandibular midline shift and
tipping and spacing of the mandibular anterior teeth,
which could lead to future crowding, received the
lowest percentage of correct answers. Considering the
necessity of referring the patient to the orthodontist,
the highest rate of correct answers was related to cleft
lip and/or palate problems; meanwhile, the lowest one
was related to the patients with an anterior crossbite.
Considering the correct answers to the level of need
and the necessity of referring simultaneously, four
categories for the selected cases were defined; cases
whose treatment need and necessity of referral had
been recognized by dentists correctly (>60 correct
answers to both questions) were the cleft, deep bite
and true crowding; those cases whose treatment
need were correctly diagnosed but dentists thought
they were needed to be referred included anterior
crossbite and thumb sucking. Cases such as posterior
crossbite, localized space loss and anterior mandibular
tipping were not diagnosed and chosen to be referred
correctly. The treatment needs of other cases including
the bimaxillary protrusion, mandibular midline off and
dilaceration were not correctly identified by dentists,
but they mostly chose to be referred anyway.

Table 3 presents the percentage of correct answers
regarding the proper orthodontic treatment timing.
Ideal timing of the first orthodontic examination
had the highest frequency of correct answers, while
questions related to the proper timing of the treatment
of skeletal class II problem (with deficient mandible)
gained the lowest one.

DISCUSSION

In orthodontic treatments, proper timing and treatment
planning are the key factors in achieving favorable
outcomes and preventing unnecessary costs and the
waste of time. Since GDs are usually the first referral
source of orthodontic treatments, acquiring knowledge
of accurate diagnosis and proper timing of orthodontic
treatments would be necessary for them.!®*1213] In the
present study, the mean knowledge was 17.3 £ 3.5 out
of 30, thus indicating a moderate level of knowledge.
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Table 2: Percentage of correct answers to the questions based on the diagnosis of the orthodontic problem

Orthodontic problem Question Percentage
Cleft lip and/or palate Necessity of treatment 94.8
The necessity of referral to the orthodontist 99
Anterior crossbite Necessity of treatment 59.4
The necessity of referral to the orthodontist 224
Posterior crossbite Necessity of treatment 47.7
The necessity of referral to the orthodontist 44.8
Bimaxillary protrusion and mild crowding in the Necessity of treatment 51.8
anterior mandible The necessity of referral to the orthodontist 75.5
Open bite due to the thumb-sucking habit Necessity of treatment 76.6
The necessity of referral to the orthodontist 41.4
True crowding and no compensation by the jaws Necessity of treatment 77.3
The necessity of referral to the orthodontist 87.5
Deep bite Necessity of treatment 59.9
The necessity of referral to the orthodontist 81
Dilaceration and supernumerary teeth Necessity of treatment 52.9
The necessity of referral to the orthodontist 81.5
Mandibular midline shift Necessity of treatment 12
The necessity of referral to the orthodontist 71.4
Current tipping and spacing of the anterior Necessity of treatment 12
mandibular teeth and future crowding The necessity of referral to the orthodontist 39.8
Localized space loss due to mesial drift of first molar Necessity of treatment 49.5
The necessity of referral to the orthodontist 43.5

Table 3: Percentage of correct answers to the
questions about the identification of proper timing
of orthodontic treatments

Question Percentage
Ideal timing for the first orthodontic examination 71.6
Proper timing of the extraction of primary canine 57
tooth in case of absence of eruption of the

permanent canine tooth

Ideal timing of treatment of class Ill skeletal 64.3
problem deficient maxilla

Ideal timing of treatment of class Il skeletal 58.3
problem excess maxilla

Ideal timing of treatment of class Il skeletal 54.7
problem deficient mandible

Ideal timing of treatment of class Il skeletal 55.2
problem excess mandible with the increased

mandibular plane inclination

Ideal timing of treatment of supernumerary teeth 68.8
Possibility of compensation of the vertical 64.8

changes of the face caused by maxillary excess
by providing treatment in older ages

Similarly, in a study done by Kapoor et al.® it
was shown that the understanding and knowledge
among GDs and specialists other than orthodontists
of the principles of orthodontic diagnosis and timely
treatments was moderate and unsatisfactory.

A study conducted in Saudi Arabia also indicated the
GDs’ knowledge of the identification of orthodontic
treatment needs as unacceptable, reporting that most

of the participants responded to less than half of the
questions correctly.' Omrani et al. also reported that
the knowledge of the proper timing of orthodontic
treatments among GDs was about 14.77 out of 24.%
However, their population was limited to 100 dental
practitioners and the questions were multiple choice
questions, not scenario-based ones. In contrast to the
prior studies, other studies have shown that GDs have
a sound knowledge and attitude toward orthodontic
treatments.!!>1¢!

The results of the present study, thus, revealed a
direct albeit weak positive correlation between age
and the total knowledge and knowledge of the proper
timing of referral. Thus, it seems that with the rise
of age and work experience, the acquired knowledge
would be increased, which could be partly justified by
the GDs’ more encounters with the patients in need
of orthodontic treatments. In another similar study, a
significant correlation was also reported between the
knowledge of orthodontic treatments of GDs and age,
working experience, and the possibility of attending
orthodontic courses.!'”)

In our study, about 40% of the participants claimed
that they had personal studies in the field of
orthodontics; also, one fifth had the experience of
attending orthodontic courses. However, no significant
correlation was detected between knowledge scores
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and the continuing education in orthodontics and
personal studies in the field of orthodontics. A study
done by Zarif Najafi et all' in Shiraz also showed
that most of the participants considered university
education the most important source of learning
orthodontic skills. Further, Lee et al.'" confirmed
the results of the previous study. It seems, therefore,
that allocating more hours of education in the dental
schools’ curriculum can be beneficial for improving
the GDs’ knowledge of the orthodontic treatments.

In general, our study showed that the considered
GDs had a good level of knowledge in regard to the
diagnosis of orthodontic treatment needs, but their
knowledge of the proper timing and the necessity of
referral to specialists was moderate only 36.5% of
the participants had good knowledge in this regard.
Similarly, in a study done by Jackson et al. in the
United Kingdom, only 20% of GDs had a good
knowledge of proper timing.'" Kisely et al. also
reported that almost 26% of referrals to orthodontists
had improper timings.!'””! While only 40.6% of our
participants were capable of identifying the necessity
of referral correctly, this rate was 52% in the Jackson’s
study.l'"! Studies have also reported that besides having
the knowledge of referral to orthodontists in a specific
orthodontic problem, having access to orthodontists
also plays an important role in making a decision for
referring the patient to the specialist.l*?**?) However,
we did not explore the barriers to the referral practice
in our study.

The higher rate of correct answers belonged to
the necessity of orthodontic treatment and the
referral of a patient with cleft lip and palate to an
orthodontist (above 90%). This condition is the most
common syndrome in the head-and-neck region;?
accordingly, it is almost completely covered by some
educational courses in undergraduates’ curriculum
other than orthodontics, such as maxillofacial surgery
and prosthodontics; therefore, knowledge of GDs was
quite high in this area.””>?*) Based on the results of a
meta-analysis, the prevalence of lip and palatal cleft
was about one in every 1000 births in Iran.]

Among questions with the photographs of
malocclusion, the second-highest rate of correct
responding was related to true crowding without
lip compensation (77.4% correct responses to the
question addressing the necessity of treatment and
87.5% correct answers to the question in relation to
the necessity of referral). It, thus, seems that dentists’

good knowledge in this regard can be justified by the
fact that crowding is the most common malocclusion,
especially among adolescents,” and dental students
might have a higher chance to have the experience of
treating this problem during their academic education.
In a recently published systematic review, crowding,
with a prevalence of about 40%, was reported as the
most common occlusion problem.?”)

In regard to the question about deep bite patients,
a good level of knowledge was observed. It was
estimated that about 60% of Iranian adolescents had
normal overbite; also, about 34.5% and 2.2% had
increased overbite and deep bite, respectively.2%]

Questions about anterior and posterior crossbites,
bimaxillary protrusion, open bite related to
thumb-sucking habit, the simultaneous occurrence of
a supernumerary tooth with dilaceration, and localized
space loss showed a moderate level of knowledge.
Open bite, with a frequency of 1.6% in Iran,*! can
arise from different reasons including the normal
transition of primary to permanent teeth, thumb
sucking, teeth displacement by soft tissue pressures
or skeletal problems.’! Most of the problems arising
by transitional or habitual reasons would be resolved
over time or by habits broken. For example, the side
effects of thumb sucking in occlusion, except for
posterior cross-bite, would be solved automatically
if the habit were broken before the eruption of
permanent teeth.’] However, it seems that dentists in
our study had underestimated their ability to provide
care to these patients, preferring to refer them.

Questions about midline shift (12% correct diagnosis
of the necessity of orthodontic treatment, but 71.4%
correct identification of the necessity of referral),
and spacing and tipping, which lead to future
crowding (12% correct diagnosis of the necessity of
orthodontic treatment and 39.8% correct identification
of the necessity of referral to an orthodontist), had
the lowest correct answer rate that could be explained
by the complexity of the treatment, the need for
full-scale assessment, and the lower prevalence. In
the triage of orthodontic problems, the 4" step is to
evaluate and manage the space-related problems.
Based on the study conducted by Pedersen et al.,/*®
about half of the children have experienced the early
extraction of primary teeth due to dental caries which
might lead to difficulties such as crossbite, midline
shift and increased overjet/bite. However, despite the
low ability of dentists to recognize the treatment need
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level of space-related problems, the rate of the correct
choice of referring cases with mandibular midline
shift was higher. This could highlight the fact that
diagnosing midline shift has been easier for dentists
and they might have not even diagnosed the cases of
anterior tipping or mesial drift of the first mandibular.

In the proper timing section, the highest frequency
of correct responses belonged to the proper timing of
orthodontic examination (71%), which is the 7-year
age, as mentioned multiple times in different theoretical
orthodontic and pediatric courses in the dental education
curriculum.¥ Timing of the treatment for supernumerary
teeth was in the second place, with 68% of correct
responses, as also discussed in Oral and maxilla facial
pathology and surgery courses. The prevalence of
supernumerary teeth has been reported to be 1.5%—
3.5%,*" which is detectable both in primary (0.1%—
3.8%) and permanent 0.3%0.8% teeth.”® In Iran, the
frequency of such a problem is about 0.74%; it is mostly
seen in the patients with malocclusion problems.!
Timely extraction of these teeth before disturbing the
dental arch is usually the only recommended treatment.”

Studies have emphasized the importance of accurate
and timely diagnosis of the treatment needs in
achieving high-quality and successful treatment goals.
However, it should be noted that this is attained only
when a good education is provided for GDs in dental
schools.l**!12 Burden also showed that by providing
an orthodontic educational package, treatment planning
decisions and timely referral, the practice of GDs was
improved dramatically and the mild malocclusions
were easily and appropriately managed.”” These
findings, thus, indicate the necessity of developing
more educational courses and referral guidelines that
could briefly demonstrate when and which cases should
be referred to a specialist and when and in which cases,
GDs are capable of providing orthodontic treatments.

CONCLUSION

The results of the present study, thus, revealed a
moderate level of knowledge of orthodontic treatments
among GDs, thus highlighting the importance of
considering continuing educational courses for GDs
and increasing the educational hours in the dental
curriculum to improve the knowledge of orthodontic
treatment needs for the diagnosis and management.

Limitations of the study
Refusal of the dentists to fill out the questionnaire
and limited similar studies to get help for designing

the structure of our study and discussing the results
are among the most important limitations of our
study. Besides these, given the economic and social
discrepancy in different parts of the country, this study
could be implemented on a larger scale to compare
the results with a higher degree of confidence.
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