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Class II Non-Extraction Patients Treated with the
Forsus Fatigue Resistant Device Versus Intermaxillary Elastics

Graham Jonesa; Peter H. Buschangb; Ki Beom Kimc; Donald R. Oliverd

ABSTRACT
Objective: To evaluate the Forsus Fatigue Resistant Device (FRD) as a compliance-free alter-
native to Class II elastics.
Materials and Methods: A sample of 34 (14 female, 20 male) consecutively treated nonextraction
FRD patients (12.6 years of age) were matched with a sample of 34 (14 female, 20 male) con-
secutively treated nonextraction Class II elastics patients (12.2 years of age) based on four pre-
treatment variables (ANB, L1-GoMe, SN-GoMe, and treatment duration). Pretreatment and post-
treatment cephalometric radiographs were traced and analyzed using the pitchfork analysis and
a vertical cephalometric analysis. t-Tests were used to evaluate group differences. Group differ-
ences were evaluated using t-tests.
Results: No statistically significant differences were found in the treatment changes between the
groups. There was a general trend for mesial movement of the maxilla, mandible, and dentition
during treatment for both groups. The mandibular skeletal advancement and dental movements
were greater than those in the maxilla, which accounted for the Class II correction. Lower incisor
proclination was evident in both groups. Vertically, the maxillary and mandibular molars erupted
during treatment in both groups, while lower incisors proclined. With the exception of lower molar
mesial movements and total molar correction, which were significantly (P � .05) greater in the
Forsus group, there were no statistically significant group differences in the treatment changes.
Conclusions: The Forsus FRD is an acceptable substitute for Class II elastics for noncompliant
patients.
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comes

INTRODUCTION

Class II malocclusion presents a major and common
challenge to orthodontists. Based on overjet greater
than 4 mm, the National Health and Nutrition Exami-
nation Survey (NHANES III) data indicate an 11%
prevalence of Class II malocclusion in the US popu-
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lation.1 Numerous orthodontic techniques and appli-
ances have been introduced to treat Class II maloc-
clusions, including intra-arch and interarch appliances,
extra-oral appliances, selective extraction patterns,
and surgical repositioning of the jaws.

Intermaxillary elastics are a typical interarch method
used for Class II correction. The effects of Class II
elastics include mesial movements of the mandibular
molars, movements and tipping of the mandibular in-
cisors, distal movements and tipping of the maxillary
incisors, extrusion of the mandibular molars and max-
illary incisors, and clockwise rotation of the mandibular
and the occlusal planes.2–7 However, intermaxillary
elastics rely heavily on patient compliance for their ef-
fectiveness, and compliance in orthodontics is variable
and difficult to predict.8 Poor cooperation can lead
to poor treatment results and increased treatment
time.9,10

A number of compliance-free interarch appliances
have been developed. Fixed interarch appliances typ-
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Table 1. Sizes and Average Ages at the Start of Treatment of the
Forsus and Elastics Groups

Group
Male

Patients, N
Female

Patients, N
Average Start

Age, Years

Class II elastics 20 14 12.2
Forsus 20 14 12.6

ically demonstrate mesial movement of the mandibular
molars, tipping of the mandibular incisors, and variable
effects associated with mandibular growth.11–20 Only
one study has compared the effects of Class II cor-
rection obtained with elastics and fixed interarch
(Herbst) appliances.4 While molar corrections were
similar, anterior lower facial height and the mandibular
plane angle increased more in the elastics group than
in the Herbst group. The skeletal improvement was
10% in the elastics group, compared with 66% in the
Herbst group.

More studies are needed comparing the effects of
Class II elastics with the effects of compliance-free ap-
pliances, which may be necessary to achieve suc-
cessful treatment. The skeletal and dental changes
produced by interarch appliances may be substantially
different from those produced with Class II elastics.
Potential differences between appliance systems must
be identified and understood, so that an appropriate
decision can be made when deciding on treatment al-
ternatives.

The present study was designed to evaluate the ef-
fects of the Forsus Fatigue Resistant Device (FRD)
(3M Unitek Corp, Monrovia, Calif). The FRD is a three-
piece, semirigid telescoping system incorporating a
superelastic nickel-titanium coil spring that can be as-
sembled chair-side in a relatively short amount of time.
It is compatible with complete fixed orthodontic appli-
ances and can be incorporated into preexisting appli-
ances. The FRD attaches at the maxillary first molar
and onto the mandibular archwire, distal to either the
canine or first premolar bracket. As the coil is com-
pressed, opposing forces are transmitted to the sites
of attachment. Our purpose was to determine the skel-
etal and dental effects produced during Class II cor-
rection with the Forsus FRD and to compare these
effects with those produced during Class II correction
with elastics.

MATERIALS AND METHODS

Sample

A pretreatment sample (T1) of 98 consecutively
treated patients (41 Forsus FRD and 57 Class II elas-
tics) was selected from the offices of two private prac-
tice orthodontists (74 records from practice A and 24
records from practice B). The criteria for patient selec-
tion were:

— Pretreatment occlusion of at least end-on Class II
malocclusion;

— Treatment completed without any permanent teeth
extracted (excluding third molars);

— Class I posttreatment occlusion;
— Starting age between of 9.0 years and 17.0 years;

— Good quality pretreatment and posttreatment ceph-
alometric radiographs.

Patients were rejected if any appliances other than
Forsus FRD or Class II elastics (prescribed to be worn
full-time, ie, 24 hours/day) were used to correct the
Class II malocclusion. Class II elastics were chosen
as the comparison group because interarch elastics
represent a typical compliance-reliant method of Class
II correction.

Most previous reports of fixed interarch appliances
measured changes at the time of appliance removal,
rather than at the end of comprehensive treatment.
The present study was designed to measure and de-
scribe the posttreatment differences. Except for the
method of Class II correction employed, the treat-
ments of both groups were similar, consisting of full,
fixed orthodontic appliances. By limiting the sample to
two practitioners performing both treatments, variation
in treatment technique was minimized. Class II elastics
were initially prescribed in the treatment of the patients
in the Forsus sample and may have been worn after
Forsus removal in order to maintain the occlusal re-
lationship. As such, the patients in the Forsus sample
should be considered Forsus FRD/Class II elastics pa-
tients.

A dispersion analysis based on ANB, L1-GoMe, and
SN-GoMe angles, as well as treatment duration, was
performed in order to ensure comparability across
samples. Outlying subjects were removed to match
the samples based on starting skeletal relationships.
The final sample consisted of 34 subjects per group
(Table 1). The posttreatment (T2) records were pro-
cessed after the outlying subjects had been removed.

Data Collection

The pretreatment and posttreatment cephalometric
radiographs were hand-traced on acetate paper, and
15 landmarks were identified (Table 2). In order to de-
scribe the sagittal treatment changes that occurred,
the radiographs were analyzed using the pitchfork
analysis (PFA).21 The PFA accounts for and summa-
rizes sagittal mandibular and maxillary molar move-
ments, sagittal maxillary and mandibular advancement
relative to the cranial base, and the combination of all
of these movements in correcting the molar relation-
ship (Figure 1). Distal maxillary skeletal and dental
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Table 2. Summary of Cephalometric Landmarks and Definitions

Landmark Abbreviation Definition

A point A The deepest point on the premaxilla below ANS
Anterior nasal spine ANS The tip of the anterior nasal spine
SE point SE The intersection of the averaged greater wings and planum of the sphenoid
B point B The deepest part of the anterior mandible
D point D The center of the cross-section of the mandibular symphysis
Upper 6 U6 The mesial contact point of the maxillary first molar
Lower 6 L6 The mesial contact point of the mandibular first molar
Lower incisor L1 The tip of the incisal edge of the mandibular central incisor
Upper incisor U1 The tip of the incisal edge of the maxillary central incisor
Posterior nasal spine PNS The most posterior point on the bony hard palate
Sella S The center of the pituitary fossa
Nasion N The most anterior point of the frontonasal suture
Gonion Go The most anterior and inferior point at the angle of the mandible
Menton Me The most inferior point of the mandibular symphysis
Functional occlusal plane FOP Plane drawn through the occlusal contact points of the molars and premolars

Figure 1. Diagram of pitchfork analysis [Maxilla � Mandible �
ABCH; ABCH � U6 � L6 � 6/6; ABCH � U1 � L1 � 1/1] (modified
from Johnston21).

Table 3. Pretreatment Comparison of Elastics and Forsus Groups
for Matched Variables

Variable

Elastics

mean SD

Forsus

mean SD Siga

ANB, deg 4.6 1.7 5.3 1.5 .10
L1-GoMe, deg 95.7 6.3 93.8 7.2 .25
SN-GoMe, deg 32.4 5.1 33.1 5.2 .52
Treatment duration, years 2.4 0.9 2.7 0.9 .12

a Sig indicates significance.

movements and mesial mandibular skeletal and dental
movements, which aid in Class II correction, were as-
signed positive values. Movements that worsen Class
II relations were assigned negative values. Incisor
movements that affect overjet were also measured
and summarized. All measurements were made at the
level of the functional occlusal plane, which was drawn
through the occlusal contact points of the molars and
premolars.

Because the Forsus and Class II elastics were ex-
pected to produce vertical and angular changes of the
dentition not described by the PFA, seven additional
measurements were included:

— maxillary incisor (U1) angulation to the sella-nasion
line (SN);

— U1 incisal edge vertical distance perpendicular to
ANS-PNS;

— maxillary molar (U6) mesial contact point vertical
distance perpendicular to anterior nasal spine-pos-
terior nasal spine (ANS-PNS);

— mandibular incisor (L1) angulation to the mandibu-
lar plane (Go-Me);

— L1 incisal edge vertical distance perpendicular to
Go-Me;

— mandibular molar (L6) mesial contact point vertical
distance perpendicular to GoMe;

— functional occlusal plane (FOP) to SN.

Statistical Methods

Statistical analysis was preformed using SPSS ver-
sion 14.0 (SPSS Incorporated, Chicago, Ill). The skew-
ness and kurtosis statistics indicated normal distribu-
tions. Mean and standard deviation were used to de-
scribe central tendencies and dispersion. Independent
t-tests were used to evaluate group differences. Paired
t-tests were used to evaluate changes over time.

To ensure intraexaminer reliability, nine randomly
selected radiographs were retraced and remeasured.
The Cronbach alpha test for reliability showed that the
intraclass correlation was 0.987.

RESULTS

Cephalometric Comparison: Vertical and Angular
Treatment Changes

No significant (P � .05) pretreatment (T1) differenc-
es existed between the two treatment groups for the
variables used for matching (ANB, L1-GoMe, SN-
GoMe, and treatment duration) (Table 3). The pre-
treatment ANB was 0.7� greater in the Forsus group.
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Table 4. Comparison of Pretreatment and Posttreatment Variables and Treatment Changes in the Elastics and Forsus Groupsa

Variable

Pretreatment

Elastics

Mean SD

Forsus

Mean SD Sig

Posttreatment

Elastics

Mean SD

Forsus

Mean SD Sig

Treatment Changes

Elastics

Mean SD

Forsus

Mean SD Sig

U1-SN, deg 103.1a 7.9 98.3a 8.5 .01a 103.7 5.8 102.0 7.3 .28 0.6 9.3 3.7* 8.9 .16
U1-ANSPNS, mm 25.9 2.8 26.6 2.8 .21 27.0 3.1 27.2 3.5 .80 1.2** 2.1 0.5 2.3 .24
U6-ANSPNS, mm 18.3 2.2 18.4 2.3 .87 20.3 2.4 19.9 2.5 .41 2.0** 2.0 1.5** 1.7 .20
L1-GoMe, deg 95.8 6.2 94.6 8.0 .48 99.7 5.9 100.9 8.2 .49 3.8** 5.5 6.3** 7.0 .11
L1-GoMe, mm 81.1 6.3 79.8 7.4 .41 77.4a 6.0 74.0a 7.9 .04a �3.7** 5.4 �5.9** 6.4 .14
L6-GoMe, mm 26.1 2.0 25.2 2.8 .16 29.3 2.6 28.5 3.1 .28 3.2** 1.9 3.3** 2.0 .86
OP-SN, deg 17.9 3.8 19.2 4.1 .16 16.9a 4.0 19.0a 4.1 .03a �1.0 3.2 �0.2 3.3 .34

a Statistical significance between groups (P � .05); SD indicates standard deviation; Sig, significance.
* Changes are significant at P � .05.
** Changes are significant at P � .01.

Table 5. Pitchfork Analysis Comparison of Treatment Changes in
Elastics and Forsus Groups. aPositive Signs Indicate Movements in
a Direction Which Aids Class II Correction (Distal Movements in the
Maxilla/Mesial Movements in the Mandible). Negative Signs Indicate
Movements Which Make Class II Occlusion More Severe (Mesial
Movements in the Maxilla/Distal Movements in the Maxilla)

Variable

Elastics Group

Mean SD

Forsus Group

Mean SD Sig

Max, mm �1.5** 1.3 �1.7** 1.1 .47
Mand, mm 3.8** 2.5 4.4** 2.2 .33
ABCH, mm 2.3** 1.7 2.6** 1.8 .44
U6, mm �0.6** 1.1 �1.2** 1.5 .06
L6, mm 0.7**a 1.3 1.8**a 1.5 �.001a

U6/L6, mm 2.4**a 1.2 3.2**a 1.7 .03a

U1, mm �0.3 2.6 �0.7 2.0 .50
L1, mm 0.8* 2.0 1.2** 2.2 .42
U1/L1, mm 2.8** 2.2 3.2** 1.9 .47

a Statistical significance between groups (P � .05); Sig indicates
significance.

* Changes are significant at P � .05.
** Changes are significant at P � .01.

Figure 2. Pitchfork summaries of treatment changes. (A) Treatment
changes in the elastics group. (B) Treatment changes in the Forsus
group. (C) Summary of differences between groups (Forsus vs elas-
tics).

L1-GoMe, SN-GoMe, and treatment duration were
closely matched. U1-SN angulation was significantly
larger in the elastics group than in the Forsus group
(103.1� and 98.3�, respectively).

Statistically significant (P � .05) group differences
were found posttreatment (T2) between the groups for
L1-GoMe and the OP-SN angle (Table 4). None of the
other posttreatment differences between the groups
were statistically significant.

The vertical and angular treatment changes showed
no statistically significant (P � .05) group differences.
For both groups, the U1-SN and L1-GoMe angulations
increased, the upper incisor tip moved inferiorly, and
the lower incisor tip moved closer to GoMe. The upper
and lower molars increased their vertical distances
from ANS-PNS and GoMe, respectively. The occlusal
plane rotated clockwise in both groups.

Treatment Changes Measured By Pitchfork

The PFA showed that the maxilla and mandible
moved mesially 1.5 mm and 3.8 mm, respectively, in
the elastics group; the average apical base change
was 2.3 mm (Table 5, Figure 2). The maxillary molar
moved mesially 0.6 mm, and the mandibular molar
moved mesially 0.7 mm. Including the apical base
change, total molar change was 2.4 mm. The upper
incisor moved mesially 0.3 mm, and the lower incisor
moved mesially 0.8 mm. Total incisor change was 2.8
mm. All changes except maxillary incisor movement
were statistically significant (P � .05).

In the Forsus group, the maxilla moved mesially 1.7
mm, and the mandible moved mesially 4.4 mm; the
average apical base change was 2.6 mm. The maxil-
lary molar moved mesially 1.2 mm, and the mandibular
molar moved mesially 1.8 mm. The total molar change
was 3.2 mm. The upper incisor moved mesially 0.7
mm, and the lower incisor moved mesially 1.2 mm.
Total incisor change was 3.2 mm. All changes except
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maxillary incisor movement were significantly greater
than zero (P � .05).

The pitchfork analysis showed group differences for
the lower molar movements and total molar correc-
tions (Figure 2). The Forsus group displayed 1.1 mm
more mesial movement and 0.8 mm greater molar cor-
rection. During treatment, the mandible and maxilla
moved mesially, with the mandible moving more than
the maxilla in both groups. The upper molars, and the
upper and lower incisors, were moved mesially in sim-
ilar amounts in both groups. Overjet was improved in
both groups.

DISCUSSION

The molar relationships of patients treated with elas-
tics were corrected primarily due to mandibular growth
changes. Anterior mandibular displacement accounted
for 3.8 mm or approximately 158% of the 2.4 mm mo-
lar correction. Mesial mandibular molar movements
accounted for 29% of the total correction.

In contrast, treatment changes in the maxilla worked
against the molar corrections, with anterior maxillary
skeletal and dental movements limiting the correction
by approximately 63% and 25%, respectively. Similar
amounts of mandibular and maxillary advancements
have been previously reported for Class II elastic treat-
ments.22–24 Mesial movement of the maxilla is com-
monly found in elastics patients, even with the use of
headgear.23,24 Nonextraction Class II patients treated
with standard edgewise appliances, Class II elastics,
and headgears show mandibular displacements and
dental movements accounting for approximately 66%
and 22% of the Class II correction, and distal maxillary
molar movement contributed another 29%; anterior
maxillary skeletal movements limit the correction by
approximately 20%.23

The use of a prescription appliance without head-
gear could account for the maxillary molar anchorage
loss observed in this study. Molar anchorage can be
enhanced with headgear or Begg anchor bends.23,25

According to a personal communication from Dr L.
Johnson of St. Louis Mo, anchorage loss in patients
treated with prescription appliances is approximately 1
mm greater than with standard edgewise treatment.
Because total molar correction was less than previ-
ously reported with the PFA, suggesting a less severe
initial Class II relationship, greater maxillary molar an-
chorage loss could be tolerated while achieving sat-
isfactory occlusal results.23,25 Nelson et al showed sim-
ilar amounts of molar correction in patients success-
fully treated with Class II elastics and the Begg appli-
ance.24

The vertical relationships of the teeth and occlusal
plane in the elastics patients indicate treatment modi-

fications of normal growth. Maxillary and mandibular
molars, as well as the maxillary incisors, erupted dur-
ing treatment, as previously reported for elastics treat-
ment.2,26,27 Untreated controls show similar or slightly
greater amounts of maxillary molar eruption over a
comparable time span, but less mandibular molar
eruption.16 This suggests that Class II elastics may
have extruded the mandibular molars during treat-
ment. Since neither practitioner placed a curve of
Spee nor anchorage bends into the archwires, the
mandibular molar extrusion might have been compen-
sation to the more limited amounts of maxillary molar
eruption that occurred. The OP-SN decreased (rotated
counterclockwise) 1.0�, which was contrary to the
clockwise rotation previously reported for elastics, but
the differences are relatively small.2 Differences could
be attributed to the use of the functional occlusal plane
in this study, rather than the more commonly used
Down’s occlusal plane or Pancherz’s occlusal
line.2,14,15,18,20 The functional occlusal plane is less likely
to rotate clockwise when the upper incisors procline,
than occlusal planes that rely on the incisors.

Molar correction for the patients treated with the For-
sus FRD appliance was also predominately due to me-
sial mandibular skeletal and dental movements. An-
terior mandibular displacement and mesial mandibular
molar movements accounted for approximately 138%
and 56% of Class II correction, respectively. Treat-
ment changes with the Forsus also worked against
molar correction, as mesial maxillary skeletal and den-
tal movement limited correction by 91%. De-
Vincenzo,13 who quantified the skeletal and dental
contributions to Class II correction with the Eureka
Spring, showed distal movements of the maxilla and
maxillary molars (contributing 11% and 33%, respec-
tively), mesial mandibular molar movement contribut-
ing an additional 60%, and relative posterior move-
ment of the mandible limiting molar correction by 4%.
However, DeVincenzo used the pterygoid vertical ref-
erence line to calculate dental and skeletal changes.

The functional occlusal plane, which was used as a
reference in this study, tends to show relatively greater
skeletal contributions in Class II correction.28 Karacay
et al29 reported no maxillary movement, approximately
1 mm anterior mandibular displacement, and equal
amounts of distal maxillary molar and mesial mandib-
ular molar movements in patients treated with the For-
sus Nitinol Flat Spring (NFS). Distal movements of
maxillary molars have been previously reported with
the Forsus NFS and similar appliances.11,16,20,29,30 The
studies showing the greatest distal movements of the
maxillary molars measured the effects immediately af-
ter interarch appliance removal.11,18,20 Mesial move-
ment with growth and anchorage loss due to additional
orthodontic treatment may mask or negate these distal
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movements. After Class I molar occlusion is achieved
and appliances are removed, mesial maxillary molar
movement might be expected to keep pace with the
mandibular molars.

The Forsus group produced less vertical change
than the elastics group. The eruption of the maxillary
and mandibular molars compares well with previous
reports of Forsus NFS and Jasper Jumper treat-
ments.11,12,18,29 Immediately after appliance removal,
the Forsus NFS, Jasper Jumper, and Eureka Spring
have been shown to intrude the maxillary mo-
lars.11-13,18,30 If intrusion was initially achieved with For-
sus treatment, it was followed by eruption, probably
associated with normal growth. The change in L1-
GoMe angulation was 2.5� greater in the Forsus group
than in the elastics group, but this difference was not
statistically significant. As the lower incisor tip proc-
lined, the vertical distance from incisal tip to mandib-
ular border should be expected to decrease in pro-
portion to its proclination.

A number of the group differences appeared to be
clinically relevant but were not statistically significant.
This was due to the amount of variation in treatment
changes seen between subjects in each group. Large
variation in treatment changes is a common finding
among treated Class II patients and is likely due to the
movements required to correct the different types and
extents of dental compensations.2,11–13,16,19,29 Finally, it
has been reported that the PFA overestimates the
skeletal and underestimates the dental changes, al-
though the differences between it and Björk’s ap-
proach were small when applied to sample data.28

However, the differences between the methods ap-
pear to be systematic and might be expected to affect
the two groups similarly because there were no group
differences in the vertical molar movements or occlu-
sal plane changes.

CONCLUSIONS

• The Forsus FRD is an acceptable substitute for
Class II elastics for patients who appear to be non-
compliant.

• Greater forward displacement of the mandible is the
predominant factor contributing to success when
treating Class II patients with either Class II elastics
or the Forsus FRD appliance.
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