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Evaluation of the effects of skeletal anchoraged Forsus FRD using

miniplates inserted on mandibular symphysis:

A new approach for the treatment of Class II malocclusion

Tuba Unala; Mevlut Celikoglub; Celal Candirlic

ABSTRACT
Objective: To evaluate the skeletal, dentoalveolar, and soft tissue effects of the Forsus Fatigue
Resistant Device (FRD) appliance with miniplate anchorage for the treatment of skeletal Class II
malocclusion.
Material and Methods: The prospective clinical study group included 17 patients (11 girls and 6
boys; mean age 12.96 6 1.23 years) with Class II malocclusion due to mandibular retrusion and
treated with skeletal anchoraged Forsus FRD. After 0.019 3 0.025-inch stainless steel archwire
was inserted and cinched back in the maxillary arch, two miniplates were placed bilaterally on the
mandibular symphysis. Then, the Forsus FRD EZ2 appliance was adjusted to the miniplates
without leveling the mandibular arch. The changes in the leveling and skeletal anchoraged Forsus
FRD phases were evaluated by means of the Paired and Student’s t-tests using the cephalometric
lateral films.
Results: The success rate of the miniplates was found to be 91.5% (38 of 42 miniplates). The
mandible significantly moved forward (P , .001) and caused a significant restraint in the sagittal
position of the maxilla (P , .001). The overjet correction (25.11 mm) was found to be mainly by
skeletal changes (A-VRL, 21.16 mm and Pog-VRL, 2.62 mm; approximately 74%); the remaining
changes were due to the dentoalveolar contributions. The maxillary and mandibular incisors were
significantly retruded (P , .001).
Conclusion: This new approach was an effective method for treating skeletal Class II
malocclusion due to the mandibular retrusion via a combination of skeletal and dentoalveolar
changes. (Angle Orthod. 2015;85:413–419.)
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INTRODUCTION

Class II malocclusion, one of the most commonly
observed problem in orthodontics, affects approxi-
mately one-third of the patients seeking orthodontic
treatment.1–3 Patients with Class II malocclusions can

exhibit maxillary protrusion, mandibular retrusion, or
both, together with abnormal dental relationships and
profile discrepancy.4 According to McNamara,5 man-
dibular retrusion is the most common characteristic of
this malocclusion.

In patients with Class II malocclusions due to
mandibular retrusion, removable and fixed functional
appliances are used to stimulate the mandibular growth
by forward positioning of the mandible.6–10 Various fixed
functional appliances4,6,8–13 have usually been used for
the treatment of those patients to eliminate the
disadvantages of removable appliances; removable
appliances are bulky and loose in the mouth, so they
are not easy for patients to use; thus, insufficient patient
cooperation occurs.10 Of the various fixed functional
appliances, Forsus Fatigue Resistance Device (FRD)
EZ (3M Unitek, Monrovia, Calif) is one of the newest
popular appliances that do not need patient cooperation
and is reported to be more comfortable for patients.14
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Although previously published studies6–9,13,14 proved
the efficiency of fixed functional appliances, they also
reported that protrusion of the mandibular incisors was
a common finding. This unfavorable effect limits the
skeletal effects of the fixed appliance. To overcome
this problem, Aslan et al.15 used a Forsus FRD
appliance combined with a miniscrew. The authors
reported that the mandibular incisors protruded insig-
nificantly (approximately 3.5u), and the overjet and
molar corrections were totally dentoalveolar, confirm-
ing that the appliance was not successful for the
skeletal improvements. Recently, Celikoglu et al.16

published a case report showing the treatment of a
skeletal Class II malocclusion due to mandibular
retrusion using a Forsus FRD appliance with miniplate
anchorage inserted on the mandibular symphysis. The
authors reported that this new approach was effective
for correcting Class II malocclusion without mandibular
incisor protrusion and with the skeletal contributions.

The aim of this study was to evaluate the skeletal,
dentoalveolar, and soft tissue effects of the Forsus
FRD appliance with miniplate anchorage when used
for the treatment of skeletal Class II malocclusion due
to mandibular retrusion.

MATERIAL AND METHODS

Ethical approval of this prospective clinical study
was obtained from the Karadeniz Technical University,
and parents of the patients signed an informed consent
before inclusion in the study. The sample size was
calculated based on a significance level of .05 and a
power of 80% to detect a clinically meaningful
difference of 2.0 (6 2.0 mm) for the effective mandib-
ular length. The power analysis showed that 16
patients were required. To compensate for possible

dropouts during the study period, more patients were
included in the study.

To obtain patients that matched the criteria, two
clinicians simultaneously examined the initial data of
23 patients with skeletal Class II malocclusion.
Inclusion criteria were as follows: (1) skeletal and
dental Class II malocclusion due to mandibular
retrusion (ANB .4u), (2) overjet .5.0 mm, (3) normal
or low-angle growth pattern (SN-MP ,38u),17 (4)
permanent dentition with no extraction or hypodontia
except third molars, (5) minimum crowding in the
mandibular arch, (6) maturation stage just before or
exactly at the peak or just after the peak stage of
pubertal growth determined according to the method of
Hagg and Taranger,18 (7) no clinical signs and
symptoms of temporomandibular disorders, and (8)
no previous orthodontic treatment. The 21 patients
who met the aforementioned criteria were orthodonti-
cally treated in two phases.

In the first phase, preadjusted fixed appliances
(Avex MX, Opal Orthodontics, South Jordan, UT) with
0.022-inch slots were attached to the maxillary teeth,
and the bands were placed with a transpalatal arch to
minimize the side effects on the maxillary posterior
segments. After leveling and alignment, 0.019 3

0.025-inch stainless steel archwire was inserted and
cinched back in the maxillary arch; the maxillary teeth
were then ligatured in a figure-8 pattern to avoid lateral
forces and molar tipping. In the second phase, two
miniplates (Stryker, Leibinger, GmbH&Co.KG, Frei-
burg, Germany) were placed bilaterally at the sym-
physis of the mandible under local anesthesia by an
experienced surgeon. The miniplates were adjusted
and fixed by three miniscrews (diameter, 2 mm; length,
7 mm) made of titanium (Figure 1). Three or four weeks
after the surgery, the Forsus FRD EZ2 appliance
selected according to the manufacturer’s instructions
was adjusted to the miniplates without leveling the
mandibular arch (Figure 2). The patients were observed
at 4-week intervals, and if needed, the appliance
was activated by crimping the stoppers onto the

Figure 1. The miniplates inserted on the mandibular symphysis.

Figure 2. Application of the skeletal anchoraged Forsus Fatigue

Resistant Device appliance.
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pushrod. The appliance was removed when Class I
canine and molar relationship was achieved and the
increased overjet was eliminated. Mean durations of the
first phase (leveling of the maxillary arch) and the
second phase (miniplate anchoraged Forsus FRD use)
were both 0.60 years. The mandibular arch was not
bonded during phases 1 and 2. Then, the miniplates
were removed by the same surgeon under local
anesthesia; the preadjusted fixed appliances were
attached to the mandibular teeth by the same ortho-
dontist, and orthodontic treatment went on.

Standardized lateral cephalograms were taken by
an experienced technician TU at the beginning of
treatment, after the first phase of treatment, and after
the second phase of the treatment using the same
cephalostat (Siemens Nanodor 2, Siemens AG,
Munich, Germany). The Frankfort horizontal plane
was used as the horizontal reference line (HRL), and a
perpendicular line passing through the ethmoid regis-
tration point and pterygomaxillary fissure inferior was
used as the vertical reference line (VRL).19 After the
calibration was done, all radiographs were blindly
traced by one researcher with a random queue of the
cephalometric films, and 17 linear and 11 angular
measurements were performed to evaluate skeletal,

dental and soft tissue changes in both phases of the
treatment (Figures 3 and 4).

Statistical Analyses

The Shapiro-Wilks test showed that the data were
normally distributed (P . .05), and thus, the paramet-
ric tests were used. The changes observed in each
phase of the treatment were evaluated using a paired
t-test. Interphase comparisons were analyzed by
means of the Student’s t-test. Comparison of the
genders in each phase was performed using the
Mann-Whitney U test because of the few samples, and
the data were pooled as no gender difference was
present in each phase (P . .05).

Ten radiographs were selected randomly 2 weeks
after the first evaluation, and all measurements were
performed again by the same researcher (TU). The
method error was determined using the coefficient of
reliability as described by Houston,20 and the results
confirmed the reliability of the measurements (the
coefficients were above .80).

Figure 3. Angular measurements used in the study (in degrees): (1)

SNA, (2) SNB, (3) ANB, (4) convexity, (5) SN-MP, (6) SN-PP, (7)

SN-OP, (8) U1-SN, (9) IMPA, (10) U1-L1, and (11) soft tissue

convexity.
Figure 4. Linear measurements used in the study (in millimeters): (1)

Co-A, (2) A-VRL, (3) A-HRL, (4) Co-Gn, (5) B-VRL, (6) B-HRL, (7)

Pog-VRL, (8) Pog-HRL, (9) S-Go, (10) N-Me, (11) Ms-VRL, (12) Mi-

VRL, (13) overjet, (14) overbite, (15) Ls-VL, (16) Li-VRL, and

(17) Pog(s)-VRL.
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All statistical analyses were performed using the
SPSS software package program (SPSS for Windows
98, version 10.0, SPSS Inc, Chicago, Ill). The
significance level was set at P , .05 for all tests.

RESULTS

Of the 21 patients, four were excluded because of
the mobility of the unilateral miniplate. The success
rate of the miniplates was found to be 91.5% (38 of 42
miniplates). Finally, the analyses were performed
using the data of 17 patients who completed the
second phase (miniplate anchoraged Forsus FRD
phase) successfully. In addition, one patient had a
breakage of the Forsus FRD EZ2 appliance, and the
appliance was replaced on the same day.

The descriptive data, including chronological age,
gender distribution, and maturation stages of the
patients who completed the study, is shown in Table 1.
Before the skeletal anchoraged Forsus FRD applica-
tion, most of the patients were at maturation stage
MP3-G, showing the peak of the pubertal growth, and
the mean chronological age was 12.96 6 1.23 years.

Initial cephalometric values of the patients are
shown in Table 2. The patients had skeletal Class II
malocclusion due to the mandibular retrusion, normal
vertical growth pattern, and normal maxillary and
mandibular incisor inclinations.

Changes occurred during the leveling and the skeletal
anchoraged Forsus FRD EZ2 appliance phases; the
statistical comparison of these changes are shown in
Table 3. In the leveling phase, clinically slight changes
were observed for all parameters except for U1-SN
(4.73u) due to the growth and leveling of the maxillary
arch. In the skeletal anchoraged Forsus FRD phase,
maxillary measurements (SNA, 20.73 6 0.53u; Co-A,
21.60 6 1.00 mm; A-VRL, 21.16 6 0.76 mm; P ,

.001) exhibited a statistically significant decrease
except for A-HRL (0.45 6 0.89 mm; P . .05). On the
other hand, the mandible significantly moved forward
(SNB, 2.60 6 0.60u; Co-Gn, 2.65 6 0.94 mm; B-VRL,
3.05 6 0.85 mm; Pog-VRL, 2.62 6 0.61 mm; P , .001).
The changes in the maxilla and mandible caused a
significant improvement in intermaxillary sagittal rela-
tionship (ANB, 3.32 6 0.70u; convexity, 5.71 6 2.14u; P
, .001). In addition, significant increases were ob-
served for SN-MP (1.34 6 0.70u; P , .001) and anterior
and posterior face height (4.26 6 1.90 mm; 1.87 6

0.64 mm; P , .001). The maxillary and mandibular
incisors showed significant retroclination (210.86 6

4.57u and 24.23 6 2.40u, respectively; P , .001). The
changes in skeletal and dental parameters caused a
significant decrease in overjet (25.11 6 2.43 mm; P ,

.001) and overbite (21.42 6 1.23 mm; P , .001)
measurements. The upper lip moved backward (22.03
6 0.25 mm), and the lower lip (2.24 6 1.05 mm) and

Table 1. Demographic Data for Study Subjects

Before

Orthodontic

Treatment

Before

Forsus FRD

Treatment

After Forsus

FRD Treatment

Chronological age, y 12.32 6 1.23 12.96 6 1.23 13.55 6 1.25

Girls/boys 11/6 11/6 11/6

Maturation stages

MP3-FG 11 – –

MP3-G 5 12 8

MP3-H 1 3 6

MP3-I – 2 –

R-I – – 2

R-IJ – – 1

MP3: middle phalanx of the third finger; FG: acceleration period of

pubertal growth spurt; G: maximum pubertal growth spurt; H:

deceleration period of pubertal growth spurt; I: end of pubertal

growth spurt; RI: fusion of epiphysis with its metaphysis is begun; R-

IJ: fusion of epiphysis with its metaphysis is almost completed.

Table 2. Initial Cephalometric Values for Study Subjectsa

Mean Standard Deviation

Maxillary measurements

SNA (u) 79.32 3.31

Co-A (mm) 82.25 3.30

A-VRL (mm) 48.32 2.64

A-HRL (mm) 27.84 2.50

Mandibular measurements

SNB (u) 73.01 4.31

Co-Gn (mm) 101.24 4.05

B-VRL (mm) 43.06 4.45

B-HRL (mm) 61.47 4.49

Pog-VRL (mm) 45.74 5.57

Pog-HRL (mm) 72.00 4.62

Maxillomandibular measurements

ANB (u) 6.31 1.99

Convexity (u) 10.20 4.88

Vertical measurements

SN-MP (u) 34.89 3.83

SN-PP (u) 9.09 3.87

SN-OP (u) 22.02 3.73

S-Go (mm) 69.94 4.69

N-Me (mm) 106.08 4.97

Dental measurements

U1-SN (u) 99.04 5.84

IMPA (u) 93.51 5.51

U1-L1 (u) 130.89 9.73

U6-VRL (mm) 25.26 3.54

L6-VRL (mm) 23.60 3.60

Overjet (mm) 6.50 1.91

Overbite (mm) 4.30 1.56

Soft tissue measurements

Ls-VRL (mm) 65.05 3.54

Li-VRL (mm) 60.28 3.74

Pog (s)-VRL (mm) 55.61 6.19

Convexity (u) 116.98 11.44

a VRL indicates vertical reference line; HRL, horizontal reference line.
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soft tissue pogonion (3.22 6 1.93 mm) moved forward
(P , .001), resulting in a decrease in soft tissue
convexity (23.38 6 1.93; P , .001). Comparisons of
the changes that occurred in both phases showed
statistically significant differences for almost all param-
eters (P , .001) except for A-HRL, SN-PP, SN-OP, and
overbite measurements (P . .05).

DISCUSSION

In the present study, miniplates were inserted on the
mandibular symphysis for the application of Forsus

FRD in order to eliminate mandibular incisor protrusion
and to increase the skeletal contributions to the
treatment findings. Previously, Celikoglu et al.16

showed this to be a successful option for the treatment
of Class II malocclusion with mandibular retrusion.
However, its effects were not extensively investigated.
Therefore, we aimed to evaluate the skeletal, dento-
alveolar and soft tissue effects of this new treatment
approach.

The patients included in the present study had
skeletal Class II malocclusion due to the mandibular
retrusion with normal vertical growth pattern. The
maturation stages of the patients were almost MP3-
FG (epiphysis as wide as metaphysis) (11 of 17
patients) before treatment and MP3-G (12 of 17
patients) before the Forsus phase. Both the leveling
and Forsus phases lasted for the same duration,
confirming the matching of the observation periods
(P . .05).

Skeletal anchoraged Forsus caused a significant
restraint in the sagittal position of the maxilla (SNA,
20.73 6 0.53u; Co-A, 21.60 6 1.00 mm; A-VRL, 1.16
6 0.76 mm). This high pull headgear effect was also
reported in some studies7,10,14,21 for the Forsus appli-
ances. In contrast, some authors6,8,15,22 showed that
the Forsus had no significant skeletal effects on the
maxilla. The FRD protocol also induced significant
increases in the mandibular parameters (SNB, 2.60 6

0.60u; Co-Gn, 2.65 6 0.94 mm; B-VRL, 3.05 6

0.85 mm; Pog-VRL, 2.62 6 0.61 mm). These changes
improved the maxillomandibular relationships (ANB,
23.32 6 0.70u; convexity, 25.71 6 2.14u). These
findings supported the previous studies showing the
efficiency of fixed functional appliances, including the
Herbst23 and Forsus10,21 appliances. According to Bilgic
et al.,10 the mean differences between Forsus and
untreated control groups were 21.7u for SNA, 0.4u for
SNB, 22.1u for ANB, and 2.6 mm for Co-Gn. In the
study of Cacciatore et al.,21 these differences were
21.7u, 20.2u, 21.5u, and 1.9 mm, respectively. The
leveling and Forsus phases, the differences for SNA,
SNB, ANB, and CoGn were 21.9u, 2.3u, 24.2u, and
2.0 mm, respectively. This shows the efficiency of the
miniplate anchoraged Forsus application compared
with conventional methods. On the other hand, Aslan
et al.15 found that the overjet and molar corrections
were totally dentoalveolar, and no skeletal effects were
reported using the miniscrew anchorages Forsus FRD.
The authors15 reported the insufficient resistance of the
miniscrews to the forward force direction of the
appliance.

Dentoalveolar changes from the present approach
were distalization of maxillary molars and retrusion of
the maxillary and mandibular incisors. These dentoal-
veolar changes, combined with skeletal contributions,

Table 3. Statistical Evaluations of Changes Obtained in Leveling

and Forsus FRD Stagesa

Measurements

Leveling Stage Forsus FRD Stage

PbMean 6 SD Mean 6 SD

Observation periods 0.63 6 0.14 0.60 6 0.14 .418

Maxillary measurements

SNA (u) 1.17 6 0.80*** 20.73 6 0.53*** .000

Co-A (mm) 0.55 6 0.53*** 21.60 6 1.00*** .000

A-VRL (mm) 0.75 6 0.50*** 21.16 6 0.76*** .000

A-HRL (mm) 0.68 6 0.79** 0.45 6 0.89NS .434

Mandibular measurements

SNB (u) 0.32 6 0.27*** 2.60 6 0.60*** .000

Co-Gn (mm) 0.70 6 0.40*** 2.65 6 0.94*** .000

B-VRL (mm) 0.47 6 0.43*** 3.05 6 0.85*** .000

B-HRL (mm) 1.02 6 0.69*** 4.16 6 1.68*** .000

Pog-VRL (mm) 0.77 6 0.45*** 2.62 6 0.61*** .000

Pog-HRL (mm) 1.32 6 0.65*** 3.81 6 1.07*** .000

Maxillomandibular measurements

ANB (u) 0.85 6 0.75*** 23.32 6 0.70*** .000

Convexity (u) 1.59 6 2.11** 25.71 6 2.14*** .000

Vertical measurements

SN-MP (u) 0.03 6 0.47NS 1.34 6 0.70*** .000

SN-PP (u) 20.27 6 1.16NS 20.84 6 2.41NS .386

SN-OP (u) 20.81 6 2.39 NS 0.67 6 2.15 NS .066

S-Go (mm) 0.88 6 0.70*** 1.87 6 0.64*** .000

N-Me (mm) 1.16 6 0.76*** 4.26 6 1.90*** .000

Dental measurements

U1-SN (u) 4.73 6 4.40*** 210.86 6 4.57*** .000

IMPA (u) 1.35 6 0.80*** 24.23 6 2.40*** .000

U1-L1 (u) 24.81 6 5.73** 13.82 6 4.74*** .000

U6-VRL (mm) 0.31 6 0.51* 21.38 6 0.46*** .000

L6-VRL (mm) 0.60 6 0.43*** 2.51 6 0.38*** .000

Overjet (mm) 0.79 6 0.68*** 25.11 6 2.43*** .000

Overbite (mm) 21.11 6 1.17** 21.42 6 1.23*** .455

Soft tissue measurements

Ls-VRL (mm) 0.68 6 0.52*** 22.03 6 0.25*** .000

Li-VRL (mm) 0.66 6 0.86** 2.24 6 1.05*** .000

Pog (s)-VRL (mm) 1.05 6 0.73*** 3.22 6 1.02*** .000

Soft tissue

Convexity (u) 0.46 6 1.51 NS 23.38 6 1.93*** .000

a FRD indicates Fatigue Resistant Device; SD, standard deviation;

VRL, vertical reference line; HRL, horizontal reference line.
b Results of Student’s t-test comparing the changes; * P , .05 due

to paired t-test; ** P , .01 due to paired t-test; *** P , .001 due to

paired t-test; NS Not significant due to paired t-test.
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caused a significant correction in the overjet (25.11 6

2.43 mm). Compared with previous studies,6,7,9,10,15,22

the decrease in the maxillary incisor inclination was
found to be greater in the present study (210.86 6

4.57u). This might be due to the use of skeletal
anchorage in the mandible that transmitted the force to
the maxillary arch. In addition, Aslan et al.15 reported
similar changes for inclination of the maxillary incisors
(28.9 6 5.7u) with the use of miniscrew anchoraged
Forsus. The overjet correction (25.1 1 mm) was found
to be mainly by skeletal changes (A-VRL, 21.16 mm;
Pog-VRL, 2.62 mm; approximately 74%), while the
remaining changes were due to the dentoalveolar
contributions. This shows the efficiency of the present
approach compared with the lower skeletal contribu-
tions reported in previous studies.6,8–10,15 The methods
previously described to prevent mandibular incisor
protrusion, such as using negative-torqued mandibular
incisor brackets, sectional arches, and mini screws,
were found to be unsuccessful, although the use of
miniscrews decreased the mandibular incisor protru-
sion.15 In the present study, the mandibular incisors
were surprisingly retruded and this finding was also
noted by Celikoglu et al.16 This change might be useful
in the treatment of Class II malocclusion with protruded
mandibular incisors and with diastema. It is possible
that the pressure of the maxillary incisors and lower lip
caused this change.

The lower lip and soft tissue pogonion significantly
protruded and the upper lip significantly retruded as
results of skeletal and dental changes. These changes
improved the facial soft tissue convexity. These finding
were similar to the soft tissue findings of the previous
studies.6,10

Despite the favorable findings of the present study,
this new approach has some limitations, including the
need for a surgical procedure to insert the miniplates
on mandibular symphysis, the need for a second
operation in case of mobility, and the increased cost of
orthodontic treatment because of the use of miniplates
and miniscrews. In the present study, the success rate
of the miniplates was 91.5% (38 of 42 miniplates). In
agreement with our finding, the success rates for
miniplates were previously found to be quite high.24

Another limitation of the present study might be not
using an untreated Class II group as a control group.
However, it is not ethical to postpone the treatment of
those patients as it was shown that the amount of
supplementary mandibular growth appeared to be
significantly larger if functional treatment was per-
formed at the pubertal peak.22,25 Future studies with
larger samples might be very useful to evaluate the
stability of these favorable results and to compare the
findings with a well-matched conventional Forsus FRD
group to prove the efficiency of this new approach.

CONCLUSIONS

Within the limitations of the present study

N Skeletal anchoraged Forsus FRD EZ2 using mini-
plates inserted on mandibular symphysis was found to
be an effective method for the treatment of skeletal
Class II malocclusion due to mandibular retrusion via
a combination of skeletal and dentoalveolar changes.

N The overjet correction (25.11 mm) was found to be
mainly by skeletal changes (A-VRL, 21.16 mm; Pog-
VRL, 2.62 mm; approximately 74%), the remaining
changes were due to the dentoalveolar contributions.
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