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ABSTRACT: This study aimed to compare the
effects of two different daily use periods on the
maxilla during maxillary protraction. This study was
conducted on pre (T0) and post (T1) lateral
cephalograms of 38 patients with skeletal Class III
malocclusion treated with a miniplate anchored
maxillary protraction appliance. The patients were
divided into two groups on the basis of their daily
appliance wearing time. The first group consisted of
19 patients (ten females, nine males; mean age
11.48+1.30 years) who used their appliance all day to
provide continuous force (C.F. group). In the second
group, 19 patients (twelve females, seven males;
mean age 10.47+1.54 years) used their appliance for
approximately 14 hours daily to provide intermittent
force (IF group). Intragroup comparisons were
performed with paired t tests and Wilcoxon tests,
and intergroup comparisons were performed with
the Mann-Whitney U test. Significant forward
movement of the maxilla was observed in both
groups; however, the changes in the sagittal position
of the maxilla were similar between the two groups.
In the C.F. group, the treatment duration was 12.71
months, and in the IF group, it was 12.13 months,
which was not significant. Full-time and part-time
wearing of an extraoral appliance results in similar
treatment outcomes. Therefore, breaks in wearing
protraction devices during daily life might keep
patients more cooperative for treatment.

Keywords: Extraoral traction appliances,
orthodontic anchorage techniques, orthodontic
appliances

OZET: Bu calisma, maksiller protraksiyon sirasimnda
iki farkli giinlitk kullanim siiresinin maksilla
tizerindeki etkilerini karsilastirmay: amaglamustir.
Bu calisma, miniplak ankrajli maksiller protraksiyon
apareyi ile tedavi edilen iskeletsel Siuf III
malokliizyona sahip 38 hastanin tedavi 6ncesi (T0) ve
tedavi sonrast (T1) lateral sefalogramlar: iizerinde
gerceklestirilmistir. Hastalar, apareylerini gtinliik
kullanim stirelerine gore iki gruba ayrilmustir. Birinci
grup, apareyini tiim gitin kullanarak stirekli kuvvet
uygulayan 19 hastadan olusmustur (C.F. grubu; 10
kadm, 9 erkek; ortalama yas 11,48+1,30 yil). Ikinci
grup ise apareyini giinde yaklasik 14 saat kullanarak
aralikli kuvvet uygulayan 19 hastadan olusmustur
(IF grubu; 12 kadin, 7 erkek; ortalama yas 10,47+1,54
yil). Gruplar ici karsilastirmalar eslestirilmis t testi ve
Wilcoxon testi ile, gruplar arasi karsilastirmalar ise
Mann-Whitney U testi ile yapilmistir. Her iki grupta
da maksillanin anlamli diizeyde ©6ne hareketi
gozlenmistir; ancak maksillanin sagittal
konumundaki degisiklikler iki grup arasinda benzer
bulunmustur. CF grubunda tedavi stiresi 12,71 ay, IF
grubunda ise 12,13 ay olup aradaki fark anlaml
degildir. Ekstraoral apareyin tam zamanl veya yar1
zamanli  kullanimu  benzer tedavi sonuglari
vermektedir. Bu nedenle, protraksiyon apareylerinin
glnlik yasamda ara ara cikarilmasi, hastalarin
tedaviye uyumunu artirabilir.

Anahtar kelimeler: Agiz disi cekme aletleri,
ortodontik ankraj teknikleri, ortodontik geregler
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INTRODUCTION

Anterior traction of the maxilla during the
growth period has been investigated for
treating skeletal Class 111 malocclusions
with maxillary deficiency. The components
of the protraction force (magnitude,
direction, and duration) are among the most
studied aspects of protraction treatment.
Clinical studies have reported different
results regarding maxillary protraction
therapies, ranging from considerable
changes to wundesired results due to
differences in force components (1-3).

In the literature, much controversy exists
about the duration of the protraction force.
Studies have reported various amounts of
time regarding protraction device use,
ranging from 10-12 hours up to 24 hours a
day (4-10). Arguments about the duration of
force application should be focused on
achieving the highest possible skeletal
effect. It has been reported that rest periods
or breaks that demonstrate intermittent
forces are needed to achieve biological
adaptation of circummaxillary sutures (11).
Mao (12) reported that oscillatory forces
were more effective than continuous
mechanical forces for craniofacial sutural
growth. Additionally, it was experimentally
shown that heavy intermittent protraction
force provides anterior replacement of the
nasomaxillary complex by stimulating bone
appositions on midfacial structures (13).

The continuous forces in maxillary
protraction  therapy by  tooth-borne
anchorage units could cause undesired side
effects, such as mesialization and
proclination of maxillary dentition.
Therefore, wearing a protraction device is
usually limited to 14-16 hours daily to
achieve more skeletal and fewer dental
effects with tooth-borne anchorage units

(2,4-10). In recent years, mini-plates have
provided absolute  anchorage by
transmitting protraction forces directly to
the maxilla and bypassing the dentition (14-
18). These appliances lead clinicians to
apply a more extended protraction force
daily while avoiding dentoalveolar
decompensation.

In the literature, few studies have
compared the force durations of maxillary
protraction therapy. Therefore, the present
study compared the effects of two different
force durations (continuous and intermittent
forces) on the maxilla during maxillary
protraction  therapy with  mini-plate
anchorage.

MATERIAL AND METHOD

The sample size of the present study was
estimated by G*Power Software (v3.1.3;
Franz Faul, Universitat Kiel, Germany).
With an alpha significance level of 0.05 and
a beta of 0.15 to achieve 85% power, 38
patients (19 per group) were needed to
detect a minimum difference of 0.94 mm in
the sagittal change in the CoA dimension
(19). This retrospective study included pre-
treatment (TO) and post-treatment (T1)
lateral cephalograms and hand-wrist
radiographs of 38 patients. All patients were
treated with skeletally anchored maxillary
protraction in the Orthodontic Department
of Gazi University. The study was approved
by the Ethical Committee of Ankara
University Faculty of Dentistry
(17.05.2017-09/09).

Patients who met the following inclusion
criteria were included in the present study:
(1) skeletal Class 1l malocclusion
(ANB<0°, Wits<-2 mm) with maxillary
retrusion (SNA<82°, Co-A<age norms); (2)
developmental growth period of PP2 and
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MP3cap stages evaluated from hand-wrist
radiographs; (3) any craniofacial anomalies;
(4) no previous orthodontic treatment; (5)
treatment  with  skeletally  anchored
maxillary protraction appliances; (6) well-
documented daily timeline charts in patient
records that show the use times of appliance
in a day; and (7) use of the protraction
appliance full time except for the meals or
approximately 14 hours a day according to
the information obtained from the patient
records.

Figure 1. Cephalometric measurements evaluated in
the present study: 1-SNA; 2-Co-A; 3-A-X; 4-A-y; 5-
UL-S Line; 6-U1/PP; 7-U1-x1; 8-Ul-y1; 9-U6-x1;
10-U6-y1

On the basis of the patient's anatomical
structure, titanium mini-plates
(Tasarimmed, Istanbul, Turkey) were
inserted at the maxilla's left and right
anterior nasal spine or zygomatic buttresses.
An extraoral protraction mask was used for
maxillary protraction, and elastics exerting
400 g force per side with a 30° angle to the
occlusal plane were applied from the mini-
plates to the extraoral appliance.

Daily usage duration was determined
from the patient usage charts routinely kept
in our clinic. At each follow-up visit,

patients were asked to record their daily
facemask-wearing duration in a structured
diary, and parents were instructed to verify
these entries. The clinician checked these
records and confirmed consistency with
clinical observations. Although this method
is widely used in clinical settings, we
acknowledge that it does not provide an
objective measurement of compliance and
may be subject to reporting inaccuracies.

Patients were divided into two groups on
the basis of their daily appliance-wearing
time. In the continuous force (C.F.) group,
19 patients (ten females, nine males) who
used their appliance full time daily except
for meals, and in the intermittent force (IF)
group, 19 patients (twelve females, seven
males) who used their appliance
approximately 14 hours a day were included
in the study. The mean pretreatment ages
were 11.48+1.30 years and 10.47+1.54
years, respectively, in the groups.

The cephalometric radiographs, which
were taken at the beginning (T0) and end
(T1) of maxillary protraction, were traced
by the same researcher (E.B.) by hand. The
horizontal reference plane (xX) was
constructed on the tuberculum sella-wing
(T-W) plane to evaluate vertical changes in
the maxilla. A vertical plane perpendicular
to the T-W plane at the T point was
constructed as a vertical reference plane (y)
to evaluate sagittal changes in the maxilla.
The 'maxillary horizontal reference plane
(x1)" was drawn along the ANS-PNS plane,
and the 'maxillary vertical reference plane
(y1)' was perpendicular to the ANS-PNS
plane at the PNS point to evaluate the
dentoalveolar changes. Eight linear and two
angular measurements were performed on
each lateral cephalometric radiograph
(Figure 1).
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Table 1. Mean values of ages and cephalometric measurements before treatment and comparison of

both groups.

Continuous Force (CF) group Intermittent Force (IF) group p

Mann
Mean SD Min Max Mean SD Min Max | Whitney
Chronological age 11,48 1,30 8,58 13,42 10,47 1,54 8,00 12,42 o,oeLi NS
(Sy::::L age (years) 11,51 1,42 9,00 14,75 10,65 1,79 7,00 13,16 | 0,182 NS
SNA 77,45 2,78 71,00 82,00 76,63 2,77 71,00 81,00 |0,370NS
Co-A 85,45 4,93 78,00 97,50 79,66 3,47 73,50 85,50 0,001 **
Ax 59,68 5,01 48,50 66,50 57,92 491 50,50 67,50 | 0,198 NS
Ay 52,71 7,30 42,50 67,00 51,45 5,14 40,00 59,00 |0,737 NS
U1/PP 114,95 7,11 100,00 126,00 109,13 5,62 99,00 120,00 0,011 *
Ul-x1 27,45 2,54 22,00 32,50 27,97 2,58 23,00 33,00 |0,537 NS
Ul-yl 51,39 4,42 46,00 59,00 46,55 4,00 39,00 54,50 0,003 **
U6-x1 21,79 1,65 20,00 25,00 21,37 2,66 15,00 27,00 |0,690 NS
U6-yl 20,18 3,15 15,00 26,00 16,26 3,23 12,00 25,00 | 0,001 **
UL-S line -1,68 2,06 -6,00 3,00 -1,71 1,78 -4,00 250 |0,872NS

NS nonsignificant; * p<0.05; ** p<0.01; *** p<0.001
Table 2. Cephalometric changes after treatment and comparison of both groups
Continuous Force (CF) group Intermittent Force (IF) group p

Mean SD Min Max p Mean SD Min Max p I\\;I\?_rbn

Treatment | 12,71 | 4,15 | 6,96 | 18,96 | <0,001*** | 12,13 | 3,85 4,92 | 18,96 | <0,001*** | 0,802 NS
time (mo)

SNA 2,21 1,40 -1,00 5,00 <0,001*** 2,29 1,55 0,00 550 | <0,001*** | 0,977 NS
Co-A 3,97 1,87 1,00 7,00 <0,001*** 4,39 1,39 1,50 7,00 | <0,001*** | 0,518 NS
Ax 1,97 1,33 -1,00 4,00 <0,001*** 1,58 1,10 0,00 4,00 | <0,001*** | 0,352 NS
Ay 3,34 1,26 0,50 6,00 <0,001*** 3,13 0,91 2,00 550 | <0,001*** | 0,432 NS
u1/PP 1,82 | 352 | -3,00 | 9,00 0,085 NS 1,84 577 | -9,00 | 10,00 | 0,184 NS | 0,693 NS
Ui-x1 0,50 | 1,09 | -1,00 | 2,50 0,062 NS 0,53 1,33 | -3,00 | 2,50 | 0,071 NS | 0,699 NS
Ul-yl 0,55 | 1,08 | -2,00 | 3,00 0,078 NS 0,73 1,45 | -2,00 | 3,50 | 0,058NS | 0,582NS
U6-x1 1,47 1,12 0,00 4,00 <0,001*** 1,29 1,10 -1,00 3,50 0,001** 0,664 NS
U6-y1 0,00 1,17 -2,00 2,50 0,886 NS 0,05 1,40 -2,00 3,50 0,214NS | 0,524 NS
UL-S line 1,74 1,35 -1,50 4,00 <0,001*** 2,47 1,62 -1,00 5,00 | <0,001*** | 0,132 NS

NS nonsignificant; * p<0.05; ** p<0.01; *** p<0.001
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To evaluate intraobserver reliability, 10
randomly selected cephalograms were
retraced by the same examiner (E.B.) two
weeks after the initial measurements.
Dahlberg’s formula was used to calculate
method error, and intraclass correlation
coefficients (ICC) were computed.

SPSS 24 (IBM SPSS Statistics for
Windows, Version 24.0. Armonk, New
York: I.B.M. Corp.) was used to evaluate
the data. The Shapiro—Wilk test was
performed for the distribution of the
variables. The intragroup comparisons were
made with a paired t test for the parametric
variables and a Wilcoxon test for the
nonparametric  variables. The Mann—
Whitney U test was used for intergroup
comparisons, and P<0.05 was considered
statistically significant.

RESULTS

The reliability assessment demonstrated
high reproducibility for all cephalometric
measurements. ICC values ranged between
091 and 0.97, indicating excellent
intraobserver  agreement.  Dahlberg’s
method errors ranged from 0.21 to 0.49 mm
for linear variables and from 0.24° to 0.63°
for angular variables.

Table 1 compares the age and
cephalometric measurements of both
groups at TO. A statistically significant
difference was observed in the Co-A, Ul-
yl, and U6-yl dimensions (p<0.01) and
U1/PP angle (p<0.05) between the two
groups at TO (Table 1).

The changes in the treatments and the
differences between the two groups are
shown in Table 2. The treatment time was
12.71+4.15 months in the C.F. group and
12.13+3.85 months in the IF group, which

was not significantly different between the
groups (Table 2).

When the sagittal changes in the maxilla
were analyzed, the SNA angle increased
significantly by 2.21° in the C.F. group and
2.29° in the I.F. group (p<0.001). The Co-A
and A-y dimensions significantly increased
by 3.97 mm and 3.34 mm in the C.F. group
and 4.39 mm and 3.13 mm in the IF group,
respectively (p<0.001). When the two
groups were compared, similar changes
were observed in the sagittal position of the
maxilla (Table 2).

The A point (A-x) showed significant
vertical movements in both groups
(p<0.001); however, these changes were
found to be nonsignificant between groups.

The maxillary incisor angle (U1/PP) and
maxillary incisor vertical (Ul-x1) and
sagittal (Ul-yl) positions did not
significantly differ between the two groups.

The vertical positions of the maxillary
first molars (U6-x1) significantly increased
in both groups, with values of 1.47 mm
(p<0.001) and 1.29 mm (p<0.01) in the C.F.
and I.F. groups, respectively, which was not
significant between the groups. The sagittal
positions of the maxillary first molars (U6-
y1) remained stable in both groups.

The upper lip protruded significantly by
1.74 mm in the C.F. group and 2.47 mm in
the I.F. group (p<0.001), and these changes
were not significant between the two groups
(Table 2).

DISCUSSION

The forces exerted by orthopedic appliances
can alter the shape and relationship of facial
bones during the growth period, and most of
these alterations occur at craniofacial
sutures. These biological processes are
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necessary for adaptation to the new
functional environment; therefore, the force
generated by orthopedic appliances is the
most critical factor for initiating this
process. For this purpose, clinicians have
constantly been challenged in identifying
the optimal force to achieve the desired
results in orthodontic practice, and results
have been reported (1,20,21). On the basis
of the variety of force magnitudes. direction
and duration, the authors reported different
times of appliance wear per day. Liu et al.
(22) reported that greater sutural separation,
mineral accumulation, and osteogenesis
rates could be achieved during maxillary
expansion with continuous rather than
intermittent forces. Additionally, De Clerck
etal. (14) reported that moderate continuous
forces could be preferable to heavy
interrupted forces for a favorable maxillary
response during protraction therapy. On the
other hand, Mao (12) reported that
oscillatory forces were more effective than
continuous forces for craniofacial sutural
growth. In maxillary protraction therapy,
the optimal force can be defined as the
minimum effective force that provides the
desired skeletal growth in less time (23).
This study was designed to compare the
effects of two different durations of force on
the maxilla during protraction therapy.

Appliance-wear duration was derived
from patient diaries and parental
confirmation rather than an objective
monitoring device. Although this method is
commonly used in routine clinical practice
and is considered an acceptable surrogate
for estimating patient compliance, it
nonetheless carries an inherent risk of
reporting bias. Therefore, the potential
inaccuracy of self-reported wear time
should be taken into account when

interpreting the findings, as unrecorded
variability in true appliance usage may have
influenced the observed results between the
two force-duration protocols.

The mini plates used in the present study
were inserted on the maxillary zygomatic
buttresses and lateral walls according to the
patients' anatomical structures. Both the
zygomatic buttresses of the maxilla (14,18)
and the lateral walls of the anterior nasal
spine (15,16,24) are preferred for miniplate
insertion in maxillary protraction therapy.
The main advantages of these two areas are
that they are close to the center of resistance
of the nasomaxillary complex, which
provides a pure forward movement of the
maxilla without any rotation and has
enough bone thickness for mini-plate
insertion (15,24-27).

In the present study, patients were in the
pre-pubertal or pubertal stage of growth,
and their mean chronologic ages were 11,48
and 10,47 years in the C.F. and L.F. groups,
respectively, which was not significant
between the groups at TO. Many authors
have recommended starting maxillary
protraction at earlier ages to achieve more
skeletal effects (5,8,28), whereas others
have reported similar skeletal responses in
different skeletal developmental stages
(7,29).

The protraction force was applied
directly on the maxilla all day except for the
meals in the C.F. group and approximately
14 hours per day in the IF group. In the
literature, mini-plate anchored maxillary
protraction therapies reported different
daily uses of the device. Continuous force
application was reported by Kircelli and
Pektas (24) and Kaya et al. (15) with
facemasks. Also Sar et al. (30), De Clerck
et al. (31), Cevidanes et al. (32) and Coscia
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et al. (33) reported continuous forces with
intermaxillary elastics. However, Lee et al.
(18) reported 12—-14 hours, Cha and Ngan
(34) reported 14-16 hours, and Sar et al.
(16) reported 16 hours of daily facemask
use with miniplate anchorage. These
findings suggest that clinicians often prefer
continuous force application in intraoral
systems. Patient tolerance, however,
remains a key factor in determining daily
wear duration.

Despite the daily use of the C.F. group
being greater than that of the IF group, the
total treatment time was similar between the
two groups. The average treatment time was
between 7.6 and 18 months in continuous
force-applied studies (15,24,30,31,33) and
between 7.4 and 12 months in intermittent
force-applied studies (16,18,34).

In previous facemask studies utilizing
mini plates, the increase in SNA° was
reported to range between 1.7° and 3.7° (12,
13, 15, 20,34). In the present study, SNA°
increased significantly by 2.2° in the C.F.
group and 2.26° in the L.F. group, which
were similar between the groups. The Co-A
and A-y dimensions significantly increased,
with 3.97 mm and 3.31 mm in the C.F.
group at 12.91 months and 4.44 mm and
3.26 mm in the I.F. group at 11.79 months,
respectively. The protraction rate was 0.26
mm per month in the C.F. group and 0.28
mm per month in the IF group. Although the
protraction rate was slightly greater in the
IF group, these results showed that the two
force durations had similar effects on the
maxilla. However, in the literature, different
results have been reported with different
force durations. Kircelli and Pektas (24)
reported 4.8 mm maxillary advancement
with a protraction rate of 0.44 mm/month
when facemasks were used full time. Kaya

et al. (15) found a smaller effect, reporting
2 mm advancement and a rate of 0.20
mm/month. With 16 hours of daily
facemask wear, Sar et al. (30) reported 3.11
mm maxillary advancement with a
protraction rate of 0.45 mm/month.
Similarly, Lee et al. (18) observed 3.18 mm
advancement of the A point and a rate of
0.26 mm/month. These differences could be
due to the different age ranges, severities of
malocclusions or applied force amounts
used in the mentioned studies.

In conventional maxillary protraction
therapies, the use of tooth-borne devices
could cause side effects, including the
proclination of upper incisors and the
medialization of maxillary molars, and
inhibit the dentoalveolar growth of these
teeth (9,28). The increased duration of force
could increase the effects, which restricts
the use of continuous forces with these
appliances. Therefore, intermittent forces
were necessary to minimize these effects.
Using mini plates, transmitting the
protraction force to the maxilla by
bypassing the dentition overcomes these
side effects and provides more force
durations per day (14-18). The results of the
present study support these findings. While
the sagittal positions of the maxillary
incisors (U1/PP; Ul-yl) and molars (U6-
yl) remained stable, the vertical
dentoalveolar growth of these teeth (U1-x1;
U6-x1) increased significantly.

This study is the first to compare the
effects of two different force durations
during skeletally anchored maxillary
protraction therapy. To eliminate possible
dentoalveolar influences and to evaluate the
pure skeletal effects, we utilized skeletal
anchorage throughout treatment. The
similarity of outcomes between the
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continuous and intermittent force protocols
may be explained by the use of skeletal
anchorage, which minimizes dentoalveolar
side effects that are typically more sensitive
to variations in daily wear duration. In
contrast, previous studies reporting more
pronounced differences between force
regimens often relied on tooth-borne
anchorage systems, where changes in wear
time more directly influenced incisor
proclination or molar mesialization
(9,16,28,29). Additionally, variations in
patient age, force magnitude, and timing of
treatment among previous studies may
contribute to inconsistent findings across
the literature.

The present results suggest that
continuous and intermittent protraction
forces yield comparable skeletal responses
of the maxilla. Considering that earlier
studies have demonstrated successful
outcomes with both continuous forces in
intraoral systems (30-32) and intermittent
forces in extraoral systems (16,18,34),
clinicians should prioritize patient comfort
and cooperation when determining daily
wear duration for facemask therapy.
Allowing short breaks in daily use may
enhance patient compliance  without
compromising skeletal correction.

The present study evaluated the clinical
outcomes of two different durations of force
applied to the maxilla during maxillary
protraction therapy. The histological and
psychological outcomes of these patients
must be evaluated in larger samples for
more comprehensive results. Another
limitation of this study is that appliance-
wear duration was based on patient diaries
and parental confirmation rather than an
objective monitoring device. Despite this
method is routinely used in clinical practice,

patient-reported compliance may introduce
variability, and this should be considered
when interpreting the results.

CONCLUSION

The continuous and intermittent forces
used during maxillary protraction therapy
yielded similar clinical results. Clinicians
should consider patient cooperation and
comfort when deciding the force duration
during maxillary protraction therapy with
an extraoral appliance. From the patient's
perspective, wearing the appliance all day
could not be tolerated easily and could
cause them to refuse treatment.

Acknowledgment: We express our
appreciation and gratitude to Cagri
Gazioglu Ozle for her valuable
contributions to material collaboration for
this study. The authors reviewed, revised,
and take full responsibility for the scientific
accuracy and integrity of the final
manuscript. This research received no
specific grant from funding agencies in the
public, commercial, or not-for-profit
sectors.

Ethical Approval: The study was approved
by the Ethical Committee of Ankara
University Faculty of Dentistry
(17.05.2017-09/09). All methods in this
study were carried out by the Declaration of
Helsinki. Participation was voluntary, and
all data were processed anonymously. The
informed written consent was obtained
from all the participants who participated in
the study.

Financial Support: None to declare.
Conflict of Interest: None to declare.

Author Contributions: All authors have
contributed substantially to the conception,
design, data collection, analysis, and/or

Sorumlu Yazar: Dog. Dr. Erdal Bozkaya, e mail: erdalbozkaya@gmail.com 18

Gonderim Tarihi: 28 Kasim 2025; Kabul Tarihi: 10 Aralik 2025


mailto:erdalbozkaya@gmail.com

Bozkaya, Akkaya Bermede, Akkaya. Van Dis Hekimligi Dergisi 2025;6(2):11-20

manuscript preparation. All authors have
read and approved the submitted version of
the manuscript and agree to be accountable
for all aspects of the work.

REFERENCES

1. Grandori F, Merlini C, Amelotti C,
Piasente M, Tadini G, Ravazzani P. A
mathematical model for the computation of
the forces exerted by the facial orthopedic
mask. Am J Orthod Dentofacial Orthop.
1992;101:441-8.

2. Yepes E, Quintero P, Rueda ZV, Pedroza
A. Optimal force for maxillary protraction
facemask therapy in the early treatment of
class Il malocclusion. Eur J Orthod.
2014;36:586-94.

3. Tanne K, Sakuda M. Biomechanical and
clinical changes of the craniofacial complex
from orthopedic maxillary protraction.
Angle Orthod. 1991;61:145-52.

4. Suda N, Ishii-Suzuki M, Hirose K,
Hiyama S, Suzuki S, Kuroda T. Effective
treatment plan for maxillary protraction: is
the bone age useful to determine the
treatment plan? Am J Orthod Dentofacial
Orthop.2000;118:55-62.

5. Kajiyama K, Murakami T, Suzuki A.
Comparison of orthodontic and orthopedic
effects of a modified maxillary protractor
between deciduous and early mixed
dentitions. Am J Orthod Dentofacial
Orthop.2004;126:23-32.

6. Ngan PW, Hagg U, Yiu C, Wei SH.
Treatment  response and  long-term
dentofacial adaptations to maxillary
expansion and protraction. Semin Orthod.
1997,3:255-64.

7. Merwin D, Ngan P, Hagg U, Yiu C, Wei
SH. Timing for effective application of
anteriorly directed orthopedic force to the
maxilla. Am J Orthod Dentofacial Orthop.
1997;112:292-9.

8. Saadia M, Torres E. Sagittal changes
after maxillary protraction with expansion
in class Il patients in the primary, mixed,
and late mixed dentitions: a longitudinal
retrospective  study. Am J Orthod
Dentofacial Orthop. 2000;117:669-80.

9. Tortop T, Keykubat A, Yuksel S.
Facemask therapy with and without
expansion. Am J Orthod Dentofacial
Orthop. 2007;132:467-74.

10. Vaughn GA, Mason B, Moon HB,
Turley PK. The effects of maxillary
protraction therapy with or without rapid
palatal ~ expansion: a  prospective,
randomized clinical trial. Am J Orthod
Dentofacial Orthop. 2005;128:299-309.

11. Graber T™, Vanarsdall
RL.Orthodontics: current principles and
techniques. 3rd ed. St Louis; Mosby: 2000.

12. Mao JJ. Mechanobiology of craniofacial
sutures. J Dent Res. 2002;81:810-6.

13. Cederquist R. Degree of stability
following experimental alteration of
midfacial growth with heavy intermittent
force (proceedings). Proc Inst Med Chic.
1978;32:50-51.

14. De Clerck HJ, Cornelis MA, Cevidanes
LH, Heymann GC, Tulloch CJ. Orthopedic
traction of the maxilla with miniplates: a
new perspective for treatment of midface
deficiency. J Oral Maxillofac Surg.
2009;67:2123-9.

15. Kaya D, Kocadereli I, Kan B, Tasar F.
Effects of facemask treatment anchored
with miniplates after alternate rapid
maxillary expansions and constrictions; a
pilot study. Angle Orthod. 2011;81:639-46.

16. Sar C, Arman-Ozcirpici A, Uckan S,
Yazici AC. Comparative evaluation of
maxillary protraction with or without
skeletal anchorage. Am J Orthod
Dentofacial Orthop. 2011;139:636-49.

17. Kircelli BH, Pektas ZO, Uckan S.
Orthopedic  protraction  with  skeletal
anchorage in a patient with maxillary

Sorumlu Yazar: Dog. Dr. Erdal Bozkaya, e mail: erdalbozkaya@gmail.com 19
Gonderim Tarihi: 28 Kasim 2025; Kabul Tarihi: 10 Aralik 2025


mailto:erdalbozkaya@gmail.com

Bozkaya, Akkaya Bermede, Akkaya. Van Dis Hekimligi Dergisi 2025;6(2):11-20

hypoplasia and hypodontia. Angle Orthod.
2006;76:156-63.

18. Lee NK, Yang IH, Baek SH. The short-
term treatment effects of face mask therapy
in Class Il1 patients based on the anchorage
device: miniplates vs rapid maxillary
expansion. Angle Orthod. 2012;82:846-52.

19. Elnagar MH, Elshourbagy E, Ghobashy
S, Khedr M, Evans CA. Comparative
evaluation of 2 skeletally anchored
maxillary protraction protocols. Am J
Orthod Dentofacial Orthop. 2016;150:751-
62.

20. Keles A, Tokmak EC, Erverdi N, Nanda
R. Effect of varying the force direction on
maxillary orthopedic protraction. Angle
Orthod. 2002;72:387-96.

21. Hata S, Itoh T, Nakagawa M,
Kamogashira K, Ichikawa K, Matsumoto
M, Chaconas SJ. Biomechanical effects of
maxillary protraction on the craniofacial
complex. Am J Orthod Dentofacial Orthop.
1987;91:305-11.

22. Liu SS, Kyung HM, Buschang PH.
Continuous forces are more effective than
intermittent forces in expanding sutures.
Eur J Orthod. 2010;32:371-80.

23. Frost HM. A determinant of bone
architecture. The minimum effective strain.
Clin Orthop Relat Res. 1983;286-92.

24. Kircelli BH, Pektas ZO. Midfacial
protraction with skeletally anchored face
mask therapy: a novel approach and
preliminary results. Am J Orthod
Dentofacial Orthop. 2008;133:440-449.

25. Billiet T, de Pauw G, Dermaut L.
Location of the centre of resistance of the
upper dentition and the nasomaxillary
complex. An experimental study. Eur J
Orthod 2001;23:263-73.

26. Lee HS, Choi HM, Choi DS, Jang I, Cha
BK. Bone thickness of the infrazygomatic
crest area in skeletal Class Il growing
patients: A computed tomographic study.
Imaging Sci Dent. 2013;43:261-6.

27. De Clerck H, Geerinckx V, Siciliano S.
The Zygoma Anchorage System. J Clin
Orthod. 2002;36:455-9.

28. Kapust AJ, Sinclair PM, Turley PK.
Cephalometric effects of face
mask/expansion therapy in Class Il
children: a comparison of three age groups.
Am J Orthod Dentofacial Orthop.
1998;113:204-12.

29. Yuksel S, Ucem TT, Keykubat A. Early
and late facemask therapy. Eur J Orthod.
2001;23:559-68.

30. Sar C, Sahinoglu Z, Ozcirpici AA,
Uckan S. Dentofacial effects of skeletal
anchored treatment modalities for the
correction of maxillary retrognathia. Am J
Orthod Dentofacial Orthop. 2014;145:41-
54,

31. De Clerck H, Cevidanes L, Baccetti T.
Dentofacial effects of bone-anchored
maxillary protraction: a controlled study of
consecutively treated Class Il patients. Am
J Orthod Dentofacial Orthop.
2010;138:577-81.

32. Cevidanes L, Baccetti T, Franchi L,
McNamara JA, Jr., De Clerck H.
Comparison of two protocols for maxillary
protraction: bone anchors versus face mask
with rapid maxillary expansion. Angle
Orthod. 2010;80:799-806.

33. Coscia G, Addabbo F, Peluso V,
D'Ambrosio E. Use of intermaxillary forces
in early treatment of maxillary deficient
class Il patients: results of a case series. J
Craniomaxillofac Surg. 2012;40:e350-4.

34. Cha BK, Ngan PW. Skeletal Anchorage
for Orthopedic Correction of Growing
Class IIl  Patients. Semin Orthod.
2011;17:124-37.

Bozkaya E, Akkaya Bermede S, Akkaya S. The
Effects of Two Different Daily Use Protocols in
Skeletally Anchored Face-Mask Therapy on
Maxilla. Van Dis Hekimligi Dergisi 2025;6(2);11-
20

Sorumlu Yazar: Dog. Dr. Erdal Bozkaya, e mail: erdalbozkaya@gmail.com 20
Gonderim Tarihi: 28 Kasim 2025; Kabul Tarihi: 10 Aralik 2025


mailto:erdalbozkaya@gmail.com

