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Class II subdivision treatment with the Forsus Fatigue Resistant
Device vs intermaxillary elastics
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ular shift9 can also be responsible for the Class II molar
relationship in this type of occlusal disharmony.
The treatment of Class II subdivision malocclusion
includes a variety of alternatives such as (a) nonextraction protocols with tip-back mechanics,10 intermaxillary elastics,11,12 extraoral appliances,13 and fixed
functional appliances14,15; (b) extraction treatments with
one, three, or four premolar extraction protocols11,12,16;
and (c) orthognathic surgery.17 However, treatment
trends over the past 15 years show that elastics and
fixed functional appliance usage have increased from
20% to 38% and from 0% to about 15%, respectively,
while the rates of orthognathic surgery and extraction
treatment decreased for these patients.18
The Forsus Fatigue Resistance Device (Forsus; 3M
Unitek, Monrovia, Calif) is a fixed functional appliance
that has received increasing interest as an effective
and noncompliant option for Class II Division 1
treatment. Unfortunately, only a case report on the
treatment of Class II subdivision malocclusion with

INTRODUCTION
Angle Class II subdivision classification describes a
type of asymmetric malocclusion wherein the molar
occlusion is Class II on one side and Class I on the
other. Unilateral distal positioning of the mandibular
first molar seems to be the major contributing factor in
this malocclusion,1–4 while mesial positioning of the
maxillary molars,1,3–5 asymmetric mandible,6–8 posterior
position of the glenoid fossa,9 and functional mandiba
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ABSTRACT
Objective: To compare the effectiveness of comprehensive fixed appliance treatments
implemented in combination with Forsus or intermaxillary elastics in Class II subdivision subjects.
Materials and Methods: Twenty-eight Class II subdivision patients were allocated to two groups
using matched randomization: Forsus group (mean age, 14.19 6 1.02 years) and elastics group
(mean age, 13.75 6 1.16 years). Patients received fixed appliance therapy in combination with
either Forsus or intermaxillary elastics. The study was conducted on lateral cephalograms and
digital models acquired before orthodontic treatment and 10–12 weeks after the fixed appliances
were removed.
Results: The treatment phase comprising the use of Forsus (4.53 6 0.91 months) was significantly
shorter compared with elastics application (6.85 6 1.08 months). This was also true for comparing
duration of overall comprehensive treatment in both groups. Extrusion and palatal tipping of
maxillary incisors and clockwise rotation of the occlusal plane were greater in the elastics group (P
, .05). The mandibular incisors were proclined in both groups (P , .001), but no significant
difference was observed between groups (P . .05). The mandibular incisors showed intrusion in
the Forsus group and extrusion in the elastics group; the difference between groups was significant
(P , .05). Overbite was decreased in both groups (P , .001) in similar amounts. Improvement in
overjet, mandibular midline deviation, and correction of molar relationship on the Class II side were
greater in the Forsus group (P , .05).
Conclusion: Forsus is more effective for correcting Class II subdivision malocclusion in a shorter
treatment period with minimal patient compliance required. (Angle Orthod. 2017;87:371–376)
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Figure 2. Application of Forsus on (A) Class II side and (B) Class I
side.

Forsus has been published.14 Although intermaxillary
elastics and fixed functional appliance are the most
common means of resolving this problem, 18 no
statistical analysis comparing the effectiveness of the
aforementioned methods has previously been performed.
The aim of this study was to compare by means of
lateral cephalograms and study models the treatment
effects of the Forsus Fatigue Resistant Device vs
intermaxillary elastics in combination with fixed appliances for correction of Class II subdivision malocclusion.

elastics usage was initiated in the elastics group while
Forsus FRDs were attached to the maxillary first
molars (through the EZ 2 module) and mandibular
arches in the Forsus group.
In the elastics group, Class II elastics (1/4-inch, 6ounce) extending from the maxillary canine to the
mandibular second molar were applied on the Class II
side, while triangular elastics (1/4-inch, 6-ounce) attached to the maxillary canine, mandibular first premolar, and mandibular second molar were worn on the
Class I side (Figure 1). Forsus springs were fitted onto
mandibular archwires between the canine and first
premolar bracket on the Class I side and between the
first and second premolars on the Class II side (Figure
2). A split crimp was added on the push rod only on the
Class II side at 4–6-week intervals as needed.
The active phase with Forsus and intermaxillary
elastics was undertaken until the Class II molar relation
was corrected to a Class I. In the subsequent detailing/
finishing phase, elastics for interdigitation were used
when indicated. After debonding, lingual fixed retainers
were bonded to the anterior teeth.
The study was conducted on lateral cephalograms
and digital models acquired before treatment (T1) and
10–12 weeks after fixed-appliance removal (T2).
Appraisal of all cephalometric radiographs and digital
models were carried out by one examiner in a blinded
manner. Cephalometric measurements were made
using Dolphin Imagining 11.0 Software (Dolphin
Imaging and Management Solutions, Chatsworth,
Calif) (Figure 3). Model measurements were done
using Orthomodel 2.0.206 Software (Orthomodel,
Istanbul, Turkey). Molar relationship was evaluated in
terms of difference from the mesiobuccal cusp tip of the
maxillary first molar to the mesiobuccal groove of the
mandibular first molar. While a perfect Class I molar
relationship was represented by exact coincidence of
the aforementioned landmarks, positive values designated a Class II relationship and negative appraisals
meant Class III discrepancy.

MATERIALS AND METHODS
Patients with the following characteristics were
included in this study: (1) Angle Class II subdivision
malocclusion in the permanent dentition, based on the
presence of Class I molar relationship on one side and
at least end-to-end Class II molar relationship on the
other; (2) absence of severe crowding; (3) normal or
slightly increased overbite; (4) mild or moderately
increased overjet; (5) maxillary midline coincident with
facial midline; (6) mandibular midline deviation to the
Class II side; and (7) no functional lateral mandibular
shift during closure (determined by clinical examination). Matched randomization was used for allocation of
patients to the two study groups.19 Subjects were
divided into 17 pairs. Patients within each pair were
selected so that they had a similar degree of
malocclusion (based on overjet, molar relationship,
and crowding). One of the patients in each pair,
randomly selected through tossing a coin, received
fixed appliance treatment with the Forsus group
(Forsus FRD) whereas the other patient received fixed
appliance treatment with intermaxillary elastics (elastics group). The study protocol was approved by the
Ethics Committee of the School of Medicine, Ege
University.
All patients underwent a nonextraction treatment
protocol with 0.018-inch preadjusted fixed appliances.
Overall treatment consisted of leveling and aligning,
followed by Forsus FRD or intermaxillary elastics, and
detailing. When maxillary and mandibular 0.017 3
0.025-inch stainless steel archwires were inserted,
Angle Orthodontist, Vol 87, No 3, 2017

Statistical Analysis
To determine interrater reliability, 20 randomly
selected cephalograms were retraced and remeasured
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Figure 1. Application of elastics on (A) Class II side and (B) Class I
side.
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at 2-week intervals. According to the power analysis
with 0.05 level and 80% power (based on a 1.32-mm
standard deviation and a 1.5-mm detectable difference
for midline correction),15 the needed minimum sample
size was 12 for each group.
The normality test of Shapiro-Wilks and Levene’s
variance homogeneity test were applied to the data.
The data was normally distributed, and there was
homogeneity of variance among the groups. Thus,
statistical evaluation of cephalometric values between
groups was performed using parametric tests. The
paired t-test was used for significance of mean
changes in both groups. An independent t-test was
performed for comparing initial measurements of the
groups at T1 and comparing mean changes in both
groups. The data were analyzed using SPSS software
(version 16.0, SPSS Inc, Chicago, Ill). Statistical
significance was set at P , .05.
RESULTS
Two patients were removed from the elastics groups
due to poor cooperation on elastics wear. Also, after
leveling and alignment, the Class II molar relationship
turned into a Class I in one of the Forsus patients.
These and the corresponding patients in the other
group were excluded from the final analysis to maintain
the 1:1 intergroup ratio. Thus, 28 patients were
included in the final assessment. Intraclass correlation
coefficients ranged from 0.936 to 0.981 for cephalometric measurements and from 0.976 to 0.992 for
model measurements. Eleven female and three male

patients with a mean age of 14.19 6 1.02 years
constituted the Forsus group, while the elastics group
consisted of nine females and five males with a mean
age of 13.75 6 1.16 years.
The mean treatment lengths for Forsus and subsequent multibracket phase were 4.53 6 0.91 months
and 4.05 6 0.43 months, respectively. While the mean
treatment length with intermaxillary elastics was 6.85
6 1.08 months, the subsequent multibracket phase
took 4.32 6 0.57 months. Duration of comprehensive
treatment for the Forsus and elastics groups were
17.42 6 0.85 months and 20.74 6 1.01 months,
respectively. The mean treatment time was significantly shorter with Forsus compared with elastics (P ,
.001). This was also true in comparing overall
comprehensive treatments between groups. Pre-and
posttreatment measurements are shown in Table 1. At
T1, there were no statistically significant differences
between the two groups for any of the variables, except
for L1-MP (mm) and Occ-SN (P , .05); thus both
groups were comparable in terms of malocclusion
severity.
The significance of intragroup changes and intergroup differences are presented in Table 2. Both
groups showed no statistically significant skeletal
changes, except for the SN-GoGn angle in the elastics
group, which exhibited a significant increase (P , .05).
However, the difference in the SN-GoGn angle
between the two groups was nonsignificant (P .
.05). In both groups, palatal tipping and extrusion of the
maxillary incisors—as well as clockwise rotation of the
occlusal plane—were statistically significant, and these
changes were greater in the elastics group (P , .05).
Mandibular incisors were proclined in both groups (P ,
.001), but no significant difference was observed
between groups (P . .05). Moreover, these teeth
showed significant intrusion in the Forsus group and
significant extrusion in the elastics group; the difference between the two groups for the L1-MP distance
was significant (P , .05). Changes in overjet and
overbite were statistically significant: the Forsus
sample showed significantly greater improvement in
overjet (P , .05).
In both groups, the midline deviation was decreased,
and there were significant changes in molar relationship on the Class II side (P , .001). Improvements in
the aforementioned parameters were greater in the
Forsus group (P , .05). The molar relationship on the
Class II side was corrected toward Class I, while the
Class I side exhibited a nonsignificant change toward a
Class III molar relationship. After treatment, a Class I
molar relationship was seen in 12 (85%) and 10 (71%)
of the subjects in the Forsus and elastics groups,
respectively.
Angle Orthodontist, Vol 87, No 3, 2017
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Figure 3. Skeletal and dental cephalometric measurements: (1) SNA
angle; (2) SNB angle; (3) ANB angle; (4) SN-GoGn angle; (5) U1-SN
angle; (6) U1 vertical; (7) IMPA; (8) L1 vertical; (9) U6-horizontal; (10)
U6-PP angle; (11) U6-vertical; (12) SN-occlusal plane angle.
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Table 1. Means and Standard Deviations for the Cephalometric and Model Measurements
Forsus Group
T1 (Mean 6 SD)
78.25
74.18
4.07
32.75
106.49
29.85
93.24
40.21
14.75
78.52
28.58
15.05
5.72
3.85

6
6
6
6
6
6
6
6
6
6
6
6
6
6

T2 (Mean 6 SD)

3.02
2.63
1.44
3.59
6.25
2.63
7.22
2.63
3.02
4.77
3.87
2.85
1.08
0.97

78.03
74.71
3.32
32.94
102.85
30.93
98.41
39.72
13.88
76.23
29.01
16.05
2.36
1.63

4.06 6 1.04
0.09 6 0.21
2.43 6 0.96

6
6
6
6
6
6
6
6
6
6
6
6
6
6

T1 (Mean 6 SD)

2.98
2.51
1.38
3.35
5.17
2.55
8.09
2.71
3.45
5.09
3.68
2.99
0.83
0.86

79.81
75.47
4.34
31.59
108.58
30.15
97.53
38.09
15.00
75.66
26.19
17.74
4.51
3.77

0.94 6 0.61
0.25 6 0.36
0.29 6 0.85

DISCUSSION

6
6
6
6
6
6
6
6
6
6
6
6
6
6

T2 (Mean 6 SD)

2.65
2.84
1.57
3.88
7.52
3.06
6.62
1.45
3.35
5.01
4.04
3.04
1.11
0.88

80.11
75.89
4.22
32.51
102.91
32.06
101.81
38.67
14.86
73.69
26.58
19.62
2.08
2.31

4.04 6 1.02
0.15 6 0.22
2.28 6 1.04

6
6
6
6
6
6
6
6
6
6
6
6
6
6

2.74
2.73
1.49
4.12
6.22
2.81
7.45
1.91
3.51
5.28
4.18
1.36
0.88
0.94

1.84 6 0.49
0.11 6 0.29
0.55 6 0.91

difficult to draw a strong conclusion about any
treatment method in that study because a variety of
treatment strategies, including headgear, elastics, fixed
functional appliances, and surgical intervention, were
used in each group. In addition, many patients
received a combination of these treatment approaches.18 The present study is the first to compare
therapeutic changes induced by Forsus with those
brought about by intermaxillary elastics in Class II
subdivision treatment, while Jones et al.20 compared
the same treatment modalities in patients who had

There is only one study in the literature reporting the
statistical outcome of functional treatment of Class II
subdivision malocclusion.15 In that study, Bock et al.15
retrospectively evaluated the effectiveness of Class II
subdivision Herbst treatment by means of study
models. On the other hand, Cassidy et al.18 compared
the treatment results of groups classified according to
midline relationships, in terms of overall occlusal
outcomes, and incisor inclinations. However, it was

Table 2. Mean Changes in Each Group and Comparison Between Groups
Forsus Group

Cephalometric measurements
SNA (8)
SNB (8)
ANB (8)
SN-GoGn (8)
U1-SN (8)
U1-PP (mm)
L1-MP (8)
L1-MP (mm)
U6-PTV (mm)
U6-PP (8)
U6-PP (mm)
Occ/SN (8)
Overjet
Overbite
Model measurements
Molar relation (Cl II side)
Molar relation (Cl I side)
Midline deviation

Mean

SD

P

0.22
0.53
0.75
0.19
3.64
1.08
5.17
0.49
0.87
2.29
0.43
1.00
3.36
2.22

1.05
0.93
1.31
1.03
1.64
0.95
1.43
0.83
1.77
4.03
0.78
0.96
1.02
0.45

3.12
0.34
2.14

0.72
0.69
0.41

* P , .05; ** P , .001.
Angle Orthodontist, Vol 87, No 3, 2017

Intergroup
Difference

Elastics Group
Mean

SD

P

P

.447
.053
.052
.502
,.001**
.001*
,.001**
.046*
.089
.053
.060
.002*
,.001**
,.001**

0.30
0.42
0.12
0.92
5.67
1.91
4.28
0.58
0.14
1.97
0.39
1.88
2.43
1.76

1.12
0.88
0.72
1.17
1.96
0.69
1.21
0.99
1.82
3.51
0.92
1.21
0.96
0.78

.335
.097
.544
.011*
,.001**
,.001**
,.001**
.047*
.778
.056
.137
,.001**
,.001**
,.001**

.216
.750
.127
.092
.006*
.014*
.087
.005*
.292
.824
.902
.043*
.020*
.067

,.001**
.088
,.001**

2.20
0.26
1.73

1.01
0.50
0.55

,.001**
.074
,.001**

.01*
.728
.034*
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Cephalometric measurements
SNA (8)
SNB (8)
ANB (8)
SN-GoGn (8)
U1-SN (8)
U1-PP (mm)
L1-MP (8)
L1-MP (mm)
U6-PTV (mm)
U6-PP (8)
U6-PP (mm)
Occ/SN (8)
Overjet
Overbite
Model measurements
Molar relation (Cl II side)
Molar relation (Cl I side)
Midline deviation

Elastics Group

FORSUS FATIGUE RESISTANT DEVICE VS INTERMAXILLARY ELASTICS

encourage mandibular advancement. Additionally, a
probable reason that applies especially to the Forsus
group can be the short term application (on average,
4.5 months) of the Forsus device.
Previous studies have revealed that ideal correction
of molar relationship and midline deviation is challenging and often not achieved.13,15,18 During Herbst
treatment of Class II subdivision, nearly all subjects
were treated to an overcorrected Class I or Class III
molar relationship, whereas after subsequent multibracket treatment, bilateral Class I or a super Class I
molar relationship was seen in 72% of the subjects and
a mean midline deviation of 0.4 mm was noted.15 Also,
Cassidy et al.18 found that in 70% of the patients,
treatment was finished within 1 mm of the Class I
target. According to our finding, improvements in molar
relationship and mandibular midline deviation in both
groups was a result of the anterior movement of the
mandibular dentition as a unit, especially on the Class
II side. Furthermore, the decrease in overjet was
associated with significant retroclination of the maxillary incisors and proclination of the mandibular
incisors. While a Class I molar relationship was the
treatment goal for both groups, after debonding, a
slight relapse occurred in the corrected molar relationship, midline deviation, and overjet. However, it
appeared that fixed appliance treatment with Forsus
has shown less relapse in terms of the aforementioned
parameters, compared with using intermaxillary elastics. Thus after treatment, the ratio of patients who
exhibited Class I molar relationship in the Forsus group
(85%) was greater than both the percentage of patients
with Class I molar relationship in the elastics group
(71%) and the success ratio reported in previous
studies.15,18 On the other hand, it should be noted that
the significant intergroup differences detected cannot
be regarded as clinically meaningful because of their
small magnitude. Also, when considered in terms of
smile esthetics, a midline correction difference of 0.4
mm between the methods used herein seems trivial
when we consider that midline shifts of 1 mm is the
dissonance limit that is well tolerated.28
CONCLUSIONS




Class II subdivision treatment using Forsus was
more successful than elastics in terms of correcting
the unilateral Class II molar relationship, overjet, and
mandibular midline deviation.
Forsus is a valuable option for the correction of Class
II subdivision malocclusion, providing a shorter
treatment period, requiring minimal patient compliance compared with intermaxillary elastics, while
Class II subdivision treatment using elastics presents
the most affordable modality.
Angle Orthodontist, Vol 87, No 3, 2017
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bilateral Class II molar relationship. Therefore, direct
comparison with results from previous studies was not
possible.
Although intermaxillary elastic usage is the most
common method of correcting Class II subdivision, the
major drawback with elastics is the intense need of
patient compliance, which was also true for the current
study. This feature was reflected as a longer treatment
duration in the elastics group compared with the
treatment using Forsus, which required less patient
cooperation. Although it has been reported that
unexpected breakages can occur with Forsus,14 it
was relatively well accepted by our patients with some
initial discomfort, and no breakage occurred.
Extrusion and palatal tipping of the maxillary incisors
and clockwise rotation of the occlusal plane were
significantly greater in the elastics group than in the
Forsus group. Also, there was a significant extrusion of
mandibular incisors and clockwise rotation of the
mandible in the elastics group. These findings can be
explained by the vertical component of elastics
attachment points, as reported previously.21,22 In the
Forsus group, the mandibular incisors were intruded, a
finding that agreed with previous studies.23–27 A main
expected effect, protrusion of mandibular incisors, took
place in both groups, but in similar amounts. This
result was not in accordance with the Cassidy et al18
report. The authors explained that the mandibular
incisors were proclined more when fixed functional
appliances were used, compared with elastics only.18
However, this was not supported with statistical data.
Considering that treatment length influences the L1MP angle in the compliance-free Class II correction
protocol,23 our finding that Forsus did not appear to
create greater incisor proclination may be associated
with the shorter treatment time in the Forsus group.
In both groups, no significant change was observed
related to the maxillary molars, which is a finding that
agrees with the Jones et al. 20 study, reporting
nonsignificant positional changes of these teeth at
the end of comprehensive treatment. This could be
attributed to the relapse that occurred in the detailing
phase of treatment that can negate the distalization or
distal tipping effects of Forsus and elastics on the
maxillary molars. This pattern could also hold true for
vertical movement of the maxillary molars, which could
have been intruded with Forsus and then rebounded
after spring removal, as reported previously.26
In both treatment protocols, improvement in overjet,
mandibular midline deviation, and molar relationship
were induced mainly by dentoalveolar changes without
any statistically significant skeletal modifications, the
lack of which could have been due to the intercuspation of teeth on the Class I side. This, in turn, might
have impaired the horizontal force vectors that
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