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Abstract
Introduction: Literature revealed many studies were concerned with the ideal timing of skeletal discrepancies treatment
regardless the type of appliance used. Aim: This study aimed to investigate perspective of orthodontists toward ideal
timing for different treatment procedures with functional appliances and explore their association with the demographic
background in Saudi-based offices. Materials and methods: In this observational analytical cross-sectional study a webbased questionnaire was distributed among members of the Saudi Orthodontic Society. Questionnaire involved
background questions and closed-ended questions regarding timing of treatment, protocol of approaching, and length of
treatment with functional appliances. Data analyzed in frequency tables and the use of association tests with significant
level of p<0.05. Results: One hundred and four orthodontists (65% males, 35% females) completed the distributed
questionnaire. Over 50% of orthodontists preferred to align the dentition after functional treatment. Majority (81.7%)
preferred functional treatment of Class II deformities at the stage of late mixed dentition. Orthodontists were about
equally divided in their management in terms of the phases of Class II treatment. Orthodontists revealed a high
preference rate for early intervention by functional appliances during both stages of deciduous and early mixed dentition
(81.8%). Accordingly, their treatment was usually pursued in two phases. The length of treatment with functional
appliances in Class II cases was mainly preferred in the range of 7 to 12 months (61.5%) while in Class III a dominant
preference for the period of 7 to 18 months of treatment (74%). Conclusion: Orthodontists’ training background was
strongly associated with many treatment decisions using functional appliances especially in management of Class II
cases.
Keywords: Functional appliances, Treatment Timing, Treatment duration.
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INTRODUCTION
There is an existing controversy about the
ideal timing of approaching growing patients with
functional appliances and orthodontists have different
reasonings in whether to treat the malocclusion in two
phases or one single phase. In the last century,
clinicians’ opinion such as Angel, Nance, Fisher, and
others played an important role in advocating early
treatment as soon as dental malocclusion was noticed or
as late as it was mixed dentition stage [1]. Recent
orthodontic clinical studies and randomized controlled
trials, mainly focusing on Class II skeletal
malocclusion, revealed that there is no big difference in
jaw or dental relations between two-phase (early) or
one-phase (late) treatment [2-7]. Although early
intervention has increased the burden of lengthy
treatment period, didn’t reduce the need for extraction

nor orthognathic surgery during the second treatment
phase and resulted in less than optimal occlusion [5, 7],
many children still receiving early treatment for
esthetic, psychological, or functional reasons and
depending on the judgment of the treating orthodontist
and preference of the patients and their guardians [8, 9].
Clinical studies that investigated the optimal
treatment timing for Class III malocclusions showed a
popular consensus of early treatment with some
variations. Several studies reported better improvement
of treatment results when the intervention was as early
possible in the deciduous stage of dentition comparing
to later dental developmental stages [10-15]. Supporting
of early Class III correction was reasoned to prevent
worsening of the malocclusion in later dental stages and
to minimize or avoid further treatment later on [13, 16,
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17]. Some investigations demonstrated no differences in
the outcomes between young and old age groups of
treated Class III discrepancies as long as the patients
encountered their pubertal growth spurt during
treatment and the clinicians could maintain the achieved
results over time [8, 18, 19].
Surveys and studies of orthodontists’ opinions
and practices for the ideal time of intervention for
different dental discrepancies showed diverse
preferences for different populations. Orthodontists
from US or Italian populations revealed their preference
toward early treatment for Class II correction during the
primary or early mixed dentition followed by a later
stage of treatment [8, 20]. Similarly, orthodontists in
Finland and Saudi Arabia approached Class II cases
early with the exception for severer cases in which they
showed preference to handle them in late mixed or
permanent dentition [21, 22]. Other populations such as
the Turkish, Australian and Brazilian practitioners
displayed their inclination toward postponing Class II
intervention to the late mixed or permanent dentition
stages [20, 23, 24]. In consistent with clinical trials,
majority of the surveys showed that the orthodontic
community lean toward the idea of early treatment for
Class III cases not later than the stage of early mixed
dentition [8,20-24].
The literature revealed many studies were
concerned with the ideal timing of skeletal
discrepancies treatment regardless the type of appliance
used. Therefore, more specifically the aim of the current
study was to investigate ideal timing of different
treatment procedures in relation to functional appliances
and the association between them and the demographic
background of orthodontists practicing in Saudi Arabia.

MATERIALS AND METHODS
Study Design
An observational analytical cross-sectional
study was designed to investigate the practice and
opinion of orthodontists toward functional appliances
timing of treatment.
Study Settings and Population
Our investigation targeted orthodontists
whether specialists or consultants from different
nationalities who are currently practicing in various
facilities in Saudi Arabia and are members of the Saudi
Orthodontic Society (SOS). The SOS is the main
society in Saudi Arabia pertaining to facilitate
communication between orthodontists with more than
400 active members in the society.
Sample Size Calculation
Sample size was computed through a webbased sample size calculator (Rosasoft). The estimated
sample for the study depended on a 5% margin error,
95% confidence level, 50% response distribution, and a

total population of 400
recommended size of 197.

which

resulted

in

a

Data Collection
A web-based self-conducted questionnaire was
distributed to the candidates with the help of the SOS
through sending emails to all members of the society
which was followed in three weeks period with another
email as a reminder.
Exclusion Criteria
Members of SOS practicing outside of Saudi
Arabia or residents of orthodontic training programs
were excluded from the current study.
Data Collection Instrument
This study used a self-conducted questionnaire
that was adopted after comprehensive literature review
of relative articles and validated surveys [8, 22, 24].
The current questionnaire was revised by four
orthodontic consultants for final validation. It was
composed of two major sections. The first section
concerned with the sociodemographic background
including gender, professional experience, place of
residency program, area of present practice, and kind of
working sector. The second section involved questions
in the closed-ended form regarding timing of treatment,
protocol of approaching, and length of treatment with
functional appliances.
Data Analysis
Demographic data and preferences toward
timing of treatment using functional appliances were
described in frequency tables. Analysis for association
between different categorical variables was conducted
using either Chi-square or Fisher exact test depending
on the number of expected frequencies; moreover, the
strength of association was verified by the value of
Cramer’s V. A p-value of less than 0.05 was considered
to be statistically significant. The analysis was
computed by the Statistical Package for the Social
Sciences software (IBM SPSS Statistics, Version 23).
Ethical Consideration
Ethical approval was acquired from the Taibah
University College of Dentistry, Research Ethics
Committee (TUCD-REC) in Madinah, Saudi Arabia
with a reference number TUCDREC / 20190918 /
MBadri. All participants were informed of the aim of
our investigation and their voluntary right for joining
the study. Measures were taken to ensure anonymity of
the participants’ identities and not to violate their
privacy.

RESULTS

Demographic background
From all the approached candidates only one
hundred and four orthodontists were able to complete
the distributed survey with about 26% response rate.
Table 1 shows the demographic data and background of
© 2021 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates
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the participants. Big number of the orthodontists were
males (65.4%) with an experience of practice equals to
10 years or less. The location of orthodontics training of
the participants revealed the variety and distribution of
training programs over different countries and
geographic areas. Saudi training programs constituted
more than 50% of the Middle Eastern training.
Orthodontists were mainly practicing in the private
sector (67.3%) with a distribution over the central,
western, and eastern areas of Saudi Arabia.
Table-1: Demographic background
Variable
n (%)
Gender
Male
Female
Years of experience
10 or less
More than 10
Orthodontic training
Asia
Europe
Middle East
North America
Other
Current practice
Central
Eastern
Western
Other
Working sector
Private practice
Teaching Institution
Governmental Hospital

68 (65.4)
36 (34.6)
61 (58.7)
43 (41.3)
22 (21.2)
26 (25)
30 (28.8)
24 (23.1)
2 (1.9)
43 (41.3)
21 (20.2)
32 (30.8)
8 (7.7)
70 (67.3)
35 (33.7)
22 (21.2)

Frequency of functional appliance use
Two third of the orthodontists reported to use
functional appliances routinely in their practice while
less than 6% never used them before. There was more
use of removable functional appliances than the fixed
type as one fourth of the functional appliances’ users
reported to never use the fixed type.

Timing of treatment with functional appliance
In Table-2 orthodontists revealed their opinion
and response toward the time of use of functional
appliances based on the type of malocclusion. More
than 50% of participants prefer to align the dentition
after finishing treatment with functional appliances. The
rest of participants reported to either align the dentition
before or during treatment with functional appliance.
Most orthodontists agreed on approaching
Class II cases using functional appliances in the stage of
late mixed dentition and few preferred to initiate
treatment during the early mixed dentition. On the other
hand, the preference was the opposite in cases of Class
III malocclusion with majority of orthodontists
preferred the deciduous and early mixed stages for
functional appliance treatment while a decent number
of participants preferred the late mixed dentition to
intervene.
In regard to Class II cases practitioners were
about equally divided in their management in terms of
the phases of treatment. 56% reported to depend on
two-phases of treatment with an intervention at early
mixed dentition stage with a break period until the final
definitive treatment at the permanent dentition is
conducted. The other group favored to delay execution
of treatment until the period of early permanent
dentition considering it as one-phase of treatment. On
the other hand, the major bulk of practitioners (92%)
disclosed that they manage cases of Class III as early as
possible and eventually followed by the definitive phase
at permanent dentition with an overall of two-phase of
treatment.
The length of treatment with functional
appliances in Class II cases was mainly preferred in the
range of 7 to 12 months (61.5%) while one fourth of
orthodontists revealed their preference for no more than
6 months of treatment and less than 14% would
consider a period of treatment more than 12 months. In
regard to Class III cases, there was a random
distribution of the results over different time frames:
however, with a dominant preference for the period of 7
to 18 months of treatment (74%).
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Table-2: Orthodontists responses toward functional appliances timing of treatment
(n)

%

Upon considering functional appliances, when do you prefer to align the
dentition?
Before using the functional appliance
After using the functional appliance
Simultaneously with the use of the functional appliance

22
59
23

21.2
56.7
22.1

When do you prefer to use functional appliances in Class II cases?
Deciduous Dentition
Early mixed dentition
Late mixed dentition
Permanent dentition

2
11
85
6

1.9
10.6
81.7
5.8

When do you prefer to use functional appliances in Class III cases?
Deciduous Dentition
Early mixed dentition
Late mixed dentition
Permanent dentition

22
63
17
2

21.2
60.6
16.3
1.9

What is your protocol of treating Class II malocclusion?
Early intervention followed by a second phase of definitive treatment
One phase of intervention at the time of adolescence

58
46

55.8
44.2

What is your protocol of treating Class III malocclusion?
Early intervention followed by a second phase of definitive treatment
One phase of intervention at the time of adolescence

96
8

92.3
7.7

On average how long do you use /instruct patients to use functional appliances
in Class II cases?
1-6 months
7-12 months
13-18 months
More than 18 months

26
64
10
4

25
61.5
9.6
3.8

On average how long do you use /instruct patients to use functional appliances
in Class III cases?
1-6 months
7-12 months
13-18 months
More than 18 months

16
47
30
11

15.4
45.2
28.8
10.6

Association between timing of treatment and
demographics
Table-3 revealed the significant statistical
association between the preferred time of dentition

alignment in relation to functional appliances use and
the location of orthodontic training (p<0.005) while no
positive associations were found with other
orthodontists’ demographic background (p>0.05).

Table-3: Association between timing of dentition alignment relative to functional appliance use and demographics
Variable
Time of dentition alignment
P value Cramer’s V
B-FA
A-FA
S-FA
n (%)
n (%)
n (%)
Orthodontic training Asia
10 (45.5) 7 (31.8)
5 (22.7) 0.002*
0.318
Europe
0 (0)
21 (80.8) 5 (19.2)
Middle East
7 (24.1)
18 (62.1) 4 (13.8)
North America 4 (16.7)
12 (50)
8 (33.3)
Other
1 (50)
1 (50)
0 (0)
B-FA (Before functional appliance), A-FA (After functional appliance), S-FA (Simultaneous with functional appliance),
* Statistically significant, P<0.005
In management of Class II cases, there was a
statistically significant association between time of
intervention for Class II malocclusion and both location

of orthodontic residency (p<0.005) and area of current
orthodontic practice (p<0.05) (Table-4). The inclination
toward treating Class II cases in the late mixed dentition
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was more predominant among orthodontists trained in
European programs followed by Middle Eastern
programs. Moreover, the preference for intervention in
the late mixed dentition was more prevalent among
practitioners in Western followed by Eastern areas.

Data revealed no statistically significant association
between the preferred time of intervention for Class II
and other demographic data including gender,
experience, or working sector (p>0.05).

Table-4: Association between time of intervention for Class II malocclusion and demographics
Variable
Time of intervention
P value Cramer’s V
DD
EMD
LMD
PD
n (%) n (%)
n (%)
n (%)
Orthodontic training Asia
2 (9.1) 5 (22.7) 15 (68.2) 0 (0)
0.003** 0.301
Europe
0 (0)
0 (0)
24 (92.3) 2 (7.7)
Middle East
0 (0)
2 (6.7)
27 (90)
1 (3.3)
North America 0 (0)
3 (12.5) 19 (79.2) 2 (8.3)
Other
0 (0)
1 (50)
0 (0)
1 (50)
Current practice
Central
2 (4.7) 6 (14)
33 (76.7) 2 (4.7)
0.041*
0.217
Eastern
0 (0)
2 (9.5)
18 (85.7) 1 (4.8)
Western
0 (0)
0 (0)
30 (93.8) 2 (6.3)
Other
0 (0)
3 (37.5) 4 (50)
1 (12.5)
DD (Deciduous Dentition), EMD (Early mixed dentition), LMD (Late mixed dentition), PD (Permanent Dentition).
* Statistically significant, P<0.05, ** Statistically significant, P<0.005
Results of crosstabulation between protocol of
the treatment in one-phase. Furthermore, practitioners
Class II treatment and demographic background
working in the private sector more expected to pursue
demonstrated a statistically significant association with
treatment in two-phases; however, those practicing in a
location of orthodontic residency (p<0.001) and type of
teaching institution more expected to conduct treatment
working sector (p<0.05) (Table-5). Orthodontists
in a single phase. Other demographic data such as
trained in Asian programs more likely to lean toward
gender, experience, or area of practice had no
two-phases in treatment of Class II while those trained
significant association with the preferred phases of
in North American programs more likely to approach
Class II treatment (p>0.05).
Table-5: Association between protocol of Class II treatment and demographics
Class II protocol
P value Cramer’s V
One phase Two phases
n (%)
n (%)
Orthodontic training Asia
2 (9.1)
20 (90.9)
0.000** 0.442
Europe
14 (53.8)
12 (46.2)
Middle East
14 (46.7)
16 (53.3)
North America
16 (66.7)
8 (33.3)
Other
0 (0)
2 (100)
Working sector
Private practice
28 (40)
42 (60)
0.045*
0.221
Teaching Institution
23 (65.7)
12 (34.3)
Governmental Hospital 11 (50)
11 (50)
* Statistically significant, P<0.05, ** Statistically significant, P<0.001.
Variable

Preferences for timing of intervention or
protocol of treatment for Class III malocclusion
disclosed no statistical association with practitioners’
different demographic variables (p>0.05) indicating that
selections in reference to demographics were
completely based on chance.

DISCUSSION
Orthodontic practitioners in Saudi-based
practices revealed a decent use of functional appliances
on a routine basis for treatment of different skeletal
discrepancies. Thus, their preferences for the ideal
timing, length, and phases of treatment with functional
appliances were examined in this cross-sectional study.

Findings from our study displayed the
preference of orthodontists toward the order of dentition
alignment in relation to functional appliances use. The
biggest bulk (57%) preferred to finish the stage of
alignment before starting treatment with functional
appliances. Furthermore, a moderately strong
association was revealed between such preference and
residency training of participants. Orthodontists trained
in Asia programs were more likely to start alignment
before functional appliance treatment while residents of
North American training programs were more likely to
pursue alignment concomitantly with functional
appliance use than orthodontists of other training
programs. Literature shows that treatment of growing
patients with functional appliances is most commonly
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followed by a comprehensive fixed appliance treatment
in the permanent dentition to align and establish
occlusal stability [7, 18, 25-27]. In addition, there are
several factors that play a role in determining the order
of dentition alignment and functional appliance use
including the type of appliance and phases of treatment.
Unlike removable functional appliances, many fixed
types can be combined with orthodontic brackets and
align the dentition simultaneously [28]. Occasionally,
early phase of dentition alignment could precede the use
of functional appliance in order to align the incisors and
facilitate later treatment in a second phase [6, 24].
Moreover, when treatment initiated late in the
permanent dentition as one-phase there is a decent
chance to not use a functional appliance and depend
only on a fixed mechanotherapy treatment [7].
In the current study, treatment of Class II
discrepancies was mainly preferred during the stage of
late mixed dentition by more than 80% of practitioners
while around 10% indicated their preference for
intervention at the early mixed dentition. Interestingly,
the timing of intervention demonstrated a moderate
strength of association with the practitioners’
orthodontic residency training and location of current
practice. Most previous programs were associated with
treatment of Class II in the late mixed dentition;
however, practitioners trained in Asian programs more
likely to initiate treatment during the early mixed
dentition than others. In consistence with our findings,
Kiyak et al., Miles, and Kaieda et al., demonstrated
similar tendency for Class II treatment during the late
mixed or the permanent dentition at most for Turkish,
Australian, and Brazilian clinicians, respectively [20,
23, 24]. On the other hand, many orthodontists from
USA, Italian, Finnish, or Saudi populations contradicted
our results and revealed their preference for primary or
early mixed dentition stage for correction of Class II
discrepancies [8, 20-22].
Orthodontists in this study were split into two
groups in their protocol of approaching Class II
treatment, about half of them (56%) preferred to
manage it in two phases while the other group preferred
the management in a single one phase during
adolescence. Most investigations and clinical trials
highlighted that there is no difference in the final
outcomes obtained between early (2-phase) or late (1phase) treatment of Class II malocclusion and the
benefits gained from early intervention are transient and
minimal with no clinical significance [2-7]. Therefore,
it has been recommended to delay treatment until the
stage of late mixed or early permanent dentition.
However, other clinical trials advocated an early
intervention, usually during the early mixed dentition,
more specifically for severe cases of Class II
malocclusion with the aim of reducing the severity,
prevent future deterioration, and decrease the length of
further treatment or eliminate it; nevertheless, stability
of the obtained results was questioned [17, 29]. Keeling

et al., revealed in their clinical trial that the skeletal
correction achieved with early treatment was stable for
a year following the end of treatment while relapse of
dental treatment [30], and inferior occlusal stability
were reported [7].
Delaying functional treatment in one phase
toward the late mixed or permanent dentition usually
accompanied with the benefits of immediate
comprehensive treatment at the end of skeletal
correction, reducing the length, cost and number of
appointments of the overall treatment. Those dental
stages usually coincide with the pubertal growth spurt
in which all of the improvements are taking place.
Targeting the pubertal spurt of growth through seeking
indicators of skeletal maturity revealed to be the wise
approach by most recent studies regardless of the
patients’ dental age [25-28, 31, 32]. Other factors such
as practitioners’ practice management and the average
age of patients seen in the practice could affect the
number of phases with functional treatment.
Practitioners with high numbers of young patients lean
toward early treatment and two-phase approach [2, 8].
Our results revealed the tendency of orthodontists in
private practice toward two-phase protocol in
management of Class II while those in teaching
institutions tend more toward treating in one-phase. In
addition, graduates of North American based programs
have a practice involving more one-phase of treatment
than the others. A reasonable explanation could be the
high preference of those practitioners for treatment
using fixed functional appliances which usually used
during early permanent dentition.
Regarding
Class
III
discrepancies,
orthodontists in this study revealed a high preference
rate for early intervention by functional appliances
during both stages of deciduous and early mixed
dentition (81.8%); nevertheless, a considerable rate of
participants around 16% leaned toward late mixed
dentition intervention. As a result, treatment was
favored by majority to be pursued in two phases based
on the early intervention. Opinions of orthodontists
from different surveys were homogenous with our
findings as early stages of deciduous and early mixed
dentitions were recommended for intervention for
anterior and posterior crossbites correction [8, 20-22].
Gianelly and Grippaudo et al. advocated for early
treatment as those cases do not happen to improve
overtime and were indicated for immediate intervention
[16, 17]. Yang and Kiyak indicated that the time of
treatment was irrelevant if the results were remained
stable over the long term [8].
Clinical studies that investigated the timing of
functional appliance treatment in Class III patients
demonstrated contentious and variable results. Some
studies that started treatment during the deciduous or
early mixed stage (around 5-8 years) showed an
improvement in the skeletal changes on the level of the
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maxilla and mandible [11, 33-35] while other studies
did not reveal any effect on the maxilla with only
redirection of mandibular vertical position for the
correction of discrepancy [36, 37]. Difference in results
could be due to the short length of time in using the
appliance (around 1 year) comparing to the longer
treatment duration ranging 2 - 3.5 years in the group
with skeletal changes. Our study showed that 74% of
orthodontists preferred longer duration of functional
treatment for Class III cases in the range of 7 to 18
months.
Skeletal effects from functional treatment
reported to be more effective as early as the
intervention was possible. Intervention at deciduous
dentition had greater skeletal improvement than mixed
dentition; moreover, treatment in mixed dentition had
more dentoalveolar effect [11, 15, 38]. Evidence from a
recent systematic review concluded that Frankel-III
functional appliance more reasonably to restrict
mandibular growth and not enough evidence supports
its effect on maxilla [39]. However, studies that met the
criteria for the review showed a majority of intervention
at the early mixed or late mixed dentition and no studies
involved intervention at deciduous stage.
Our findings revealed preference of most
orthodontists (86.5%) for functional treatment of Class
II cases to be in a period no longer than 12 months.
Length of treatment could vary depending on the type
of appliance used but recommendations referred to a
period in the range of 1.5 to 2 years [6, 18]. Some
devices such as Twin Block could be used for shorter
period of time and usually used for a period around 1
year [4, 40, 41]. Moreover, MARA fixed appliance was
recommended to be used for at least 1 year [28].
However, duration of treatment could vary based on the
results to be achieved and time of intervention. On the
other side, our results for Class III cases revealed a
preference of longer period of functional treatment in
the range of 7 to 18 months. Clinical studies that used
functional devices such as mandibular retractor or
Frankel-III demonstrated a minimum of 2.5 years of
active treatment for the achievement of stable skeletal
effects [33-35] while studies of shorter periods reported
no skeletal improvement with more of dentoalveolar
effect [36-38].

CONCLUSION




Most orthodontists prioritized functional
correction of the skeletal deformity over
alignment of the dentition.
The stage of late mixed dentition was the most
preferred timing for functional intervention in
Class II skeletal deformities.
Although treatment preference of Class II
cases was mainly toward a late dental stage,
the management protocol highlighted in
number of treatment phases was not conclusive






as there was an even preference for both
protocols of intervention.
Orthodontists leaned toward early functional
appliance treatment at stages of deciduous and
early mixed dentitions in skeletal Class III
cases. Accordingly, their treatment was usually
pursued in two phases.
Treatment duration with functional appliances
revealed inclination toward longer periods for
Class III discrepancies comparing to Class II.
Orthodontists’ training background was
strongly associated with many treatment
decisions especially in management of Class II
cases.
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