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ABSTRACT

Purpose: This study was carried out to assess treatment outcomes of Forsus 
Fatigue Resistant Device (FFRD) used in correction of skeletal Class II malocclusion 
through lateral cephalometric analysis. Subjects and methods: The study was 
conducted on ten Class II male patients. Treatment was followed through leveling and 
alignment till heavy 0.019 x 0.025-inch stainless steel archwires reached, then FFRD 
was inserted. The FFRD protocol ended when an overcorrected edge to edge incisal 
relation was obtained. Lateral cephalometric radiographs were taken before therapy 
and after completion of FRD therapy. The following skeletal parameters were measured 
from lateral cephalograms: SNA, SNB and ANB angles and linear measurement of 
total mandibular length, ramus height and corpus length. Measured dental parameters 
were maxillary and mandibular incisors inclination, amount of mesial movement of 
mandibular first molar, overjet and overbite. Results: The FFRD had a combined 
skeletal and dentoalveolar effect. It enhanced the sagittal skeletal relationships through 
maxillary restriction and mandibular forward repositioning. Dentoalveolar effects were 
significant in both arches and significant enhancement in overjet and overbite were 
found. Conclusions: The FFRD is effective in correcting Class II malocclusion through 
skeletal and dentoalveolar changes.

INTRODUCTION

Any deviation from normal sagittal posture of jaws, teeth or lips 
could simply result in Class II malocclusion. The mandible is usually 
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too distal in relation to the maxilla (1).The worldwide 
commonness of Class II malocclusion is 19.56%. 
However, it ranges from 1.6% in Nigerians to 63% 
in Belgians (2). Its prevalence was found to be 21% 
in the Egyptian population (3).

Class II malocclusion is a combination of skel-
etal and dental components; in which mandibular 
retrusion is the most frequent feature (4). Among 
young Egyptian adults, it was found to be a com-
bination of small mandibles, mandibular retrusion, 
backward rotation of mandibles and large maxillo-
mandibular discrepancy (5).

Functional appliances, through forward 
positioning of the mandible, aim to stimulate 
mandibular growth to correct Class II disharmony 
(6). Functional appliances could either be fixed or 
removable, with the major limitation of removable 
functional appliances is the dependence on patient 
cooperation, which can influence the effectiveness 
of the treatment (7).

The Herbst appliance is the most often used rigid 
fixed functional appliance worldwide. It was de-
scribed first by Emil Herbst in 1905, then Pancherz 
renewed and reintroduced it in 1979 (8). The Twin 
force bite corrector and PowerScope are semirigid 
fixed functional appliances that proved their effec-
tiveness in treatment of Class II malocclusion (9, 10).

The Forsus Fatigue Resistant Device (FRD) 
(Forsus; 3M Unitek, Monrovia, CA, USA) was 
described in 2006 by Vogt. FRD EZ2 module consists 
of a semirigid telescoping system incorporating a 
fatigue resistant stainless steel intermaxillary spring 
produces force of approximately 220g. It’s secured 
into the maxillary molar tube through a clip, and 
connected to the mandibular arch through the push 
rod piece. FFRD can be used simultaneously with 
fixed brackets systems (11).

Noteworthy, supplementary mandibular growth 
is expected to be greater when functional treatment 
is accomplished during pubertal peak of skeletal 
maturation (12).

So, this study was done to assess the treatment 
outcomes of skeletal Class II malocclusion using 
Forsus Fatigue Resistant Device and lateral 
cephalometric radiographic analysis.

SUBJECTS AND METHODS

The present study was done on 10 Class II male 
patients according to sample size power test aged 11-
13 years old. These participants were selected from 
those coming to Clinic of orthodontic department, 
Faculty of Dental medicine for Girls, Al Azhar Uni-
versity. This research received ethical approval of 
the faculty Dental medicine of Al-Azhar University, 
Cairo, Egypt. Ethical code number: REC 17-102.

Patients were with Angle Class II molar relation-
ship, equal to or greater than one half- cusp width, 
Mild to moderate Skeletal Class II malocclusion, 
ANB angle > 4°, Overjet ≥ 5 mm and reached per-
manent dentition stage. No previous orthodontic 
treatment, free of any systemic disease and with 
good oral hygiene.

Composed informed consent forms were signed 
by the guardians and patients after the treatment 
methods were clarified in detail.

 Selected patients received a treatment protocol 
with preadjusted 0.022-in slot Roth fixed appliances 
with FRD. The FFRD phase was initiated once a 
heavy 0.019 x 0.025–inch stainless-steel archwires 
was applied. Cinching of the maxillary and mandib-
ular archwires distal to the molars was done. Man-
dibular canines were steel ligated to the archwires. 
The FRD push rod was placed distal to the man-
dibular canine. (Fig.1)

The FRD was active in place till a Class I 
relation of canine and molar was achieved. After 
that, finishing and settling the occlusion was carried 
through. Pre-FRD and post-treatments lateral 
cephalometric radiographs were obtained, traced 
and analyzed. Tracing of cephalograms was done 
manually using a 0.3 mm pencil on acetate paper 
using a viewer box screen. Skeletal and dental 
measurements were obtained.
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Cephalometric analysis: 

Tracing and analysis of lateral cephalograms was 
done at two separate times by the same researcher, 
readings were collected and evaluated for intra-
observer error and variations. Cephalograms were 
traced by another colleague who is a Master degree 
student at the same department. Measurements 
were also evaluated for inter-observer error and 
variations. Obtained skeletal angular measurements 
were SNA, SNB and ANB to evaluate the effect of 
FFRD on the sagittal relationship of the mandible 
and maxilla. Skeletal linear measurements were 
ramus height (Co-Go), corpus length (Go-Me) 
and total mandibular length (Co-Me). Dental 
measurements obtained were U1/SN⁰ and L1/SN⁰ to 
evaluate the inclination of upper incisor and lower 
incisor in relation to SN plane. Also L6-RL2 (mm) 
that describes the linear measurement between 
lower first molar and reference line 2 ejected 
perpendicular to constructed FH through S point, 
overjet (mm) and overbite (mm) were measured.

RESULTS

All data showed normal (parametric) distribution 
when explored for normality. Numerical data were 
presented as mean and standard deviation (SD) 
values. Paired t-test was used to compare between 
measurements pre- and post-treatment. Intra- and 
inter-observer agreement (reliability) was assessed 
using Cronbach’s alpha and Intra-Class Correlation 
Coefficient (ICC). The significance level was set at 

P ≤ 0.05. Statistical analysis was performed with 
IBM SPSS Statistics for Windows, Version 23.0. 
Armonk, NY:IBM Corp.

1. Demographic data

The present study was conducted on 10 male 
patients, their age was 12 ± 1 years.

2. Reliability analysis

Intra-observer reliability and Inter-observer 
reliability:

There was very good intra- and inter-observer 
reliability (agreement) regarding all measurements.

3. Skeletal measurements

There was a statistically significant decrease in 
mean SNAº and ANBº measurements post-treat-
ment. There was a statistically significant increase 
in mean SNBº angle measurement post-treatment. 
(Table 1)

There was a statistically significant increase 
in mean ramus height, corpus length and total 
mandibular length measurements post-treatment. 
(Fig. 2)

4. Dental measurements

There was a statistically significant decrease 
in mean U1/SNº, L1/SNº, mean overjet (mm) and 
overbite (mm) measurements post-treatment. There 
was a statistically significant increase in mean L6-
RL2 (mm) measurements post-treatment. (Table 2)

Figure (1) Intra-oral view of FFRD
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Table (1): Mean, standard deviation values and results of paired t-test for comparison between skeletal 
angular measurements pre- and post-treatment

Skeletal angular 
measurements (º)

Pre-treatment  
(n = 10)

Post-treatment  
(n = 10) Change

P-value Effect size (d)
Mean SD Mean SD Mean SD

SNAº 81.8 1.33 81.45 1.36 -0.35 0.41 0.02* 0.26

SNBº 76.6 2.01 77.55 1.53 0.95 0.76 0.003* 0.531

ANBº 5.2 0.94 3.9 1.07 -1.3 0.94 0.001* 1.29

*: Significant at P ≤ 0.05, SD=standard deviation, Sample size (n) = 10.

Table (2): Mean, standard deviation values and results of paired t-test for comparison between dental 
measurements pre- and post-treatment

Dental measurements 
(º)

Pre-treatment  
(n = 10)

Post-treatment  
(n = 10) Change

P-value Effect size (d)
Mean SD Mean SD Mean SD

U1/SN⁰ 107.6 5.73 102.9 5.34 -4.7 4.94 0.014* 0.848

L1/SN 42.5 5.1 35.6 4.92 -6.9 5.66 0.003* 1.377

L6-RL2 33.2 5.13 36.5 5.14 3.3 1.15 <0.001* 0.642

Overjet (mm) 6.5 0.7 1.9 0.69 -4.63 1.21 <0.001* 6.618

Overbite (mm) 4.25 1.08 1.5 0.57 -2.75 0.97 <0.001* 3.184

*: Significant at P ≤ 0.05, SD=standard deviation, Sample size (n) = 10.

Figure (2): Bar chart representing mean and standard deviation 
of mandibular skeletal linear measurements pre- and 
post-treatment.

DISCUSSION

Functional jaw orthopedics (FJO) are considered 
a valuable option in treating growing skeletal 
Class II subjects. FJO primary mechanism is 
stimulating mandibular growth through mandibular 
advancement (6).

Functional appliances could either be fixed or 
removable. The major limitation of removable 
functional appliances is the dependence on patient 
cooperation, which can influence the effectiveness 
of the treatment. An advantage of FFAs is the use 
of the functional appliance with multibrackets 
simultaneously, shortening treatment duration (7, 13).

Forsus Fatigue Resistant Device is an example of 
hybrid FFAs. It was described in 2006 by William 
Vogt. FRD EZ2 module consists of a semirigid 
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telescoping system incorporating a fatigue resistant 
stainless steel intermaxillary spring delivering 
approximately 220g. It’s secured into the maxillary 
molar tube through a clip, and connected to the 
mandibular arch through the push rod piece (11).

This study aimed to assess the skeletal and 
dentoalveolar changes produced by a fixed functional 
appliance, the Forsus Fatigue Resistant Device, 
in treatment of skeletal Class II malocclusion in 
adolescent patients. The study was conducted on 10 
males. For ethical reasons, this study did not include 
a control group. Since the age group selected is a 
critical circumpubertal growth age, a biological 
period that has been related with the foremost 
favorable treatment impacts in Class II patients(6).

The FRD was successful in the correction of 
Class II malocclusion. The assessment of skeletal 
and dental changes in the present study was derived 
from cephalometric analysis obtained before 
treatment and after FRD treatment. Intra- and 
inter-observer agreement (reliability) was assessed 
using Cronbach’s alpha and Intra-Class Correlation 
Coefficient (ICC), it was found to be very good.

There was a statistically significant reduction 
of mean SNA by -0.35 º. This change revealed 
a noteworthy effect of the FFRD in maxillary 
restriction. The restraint effect was evident in 
previous studies (12, 14). While other studies reported 
no significant effect of FFRD on the maxillary 
skeletal base (11, 15). This disputation might result 
from treatment age variations, distinctive treatment 
mechanics, or treatment duration (15).

The FFRD also showed a statistically significant 
increase in the mean SNB by 0.95º. This change 
indicated evident forward repositioning of the 
mandible. This finding is similar to the results 
from previous studies (11, 16). Other previous studies 
reported that FFRD does not affect SNB (12). The 
maxillary and mandibular changes accounted for a 
statistically significant enhancement in their sagittal 
relation, with reduction in the mean ANB value 
by -1.3 º. This finding is in harmony with results 
reported from previous studies (11, 15).

There was a statistically significant increase in 
the mean ramus height (Co-Go), corpus length (Go-
Me) and total mandibular length (Co-Me) by 1.8 
mm, 1.8 mm and 2.8 mm, respectively; indicating 
mandibular growth. Previous studies also reported 
substantial mandibular growth with the FRD appli-
ance (11, 16).The present study findings are in contrast 
with other studies that reported no significant effect 
of FRD on the total mandibular length with limited 
effect on mandibular growth (12, 17).

Regarding dentoalveolar changes, there was 
significant decrease of mean U1/SN⁰ and L1/SN⁰ 
measurements post-treatment by -4.7⁰ and -6.9⁰, 
respectively. These results indicate significant 
retroclination of upper incisor and labial flaring of 
lower incisor. These findings are in agreement with 
previous studies (10-12).

 There was a statistically significant increase 
in mean L6-RL2 (mm) by value of 3.3 (mm) post-
treatment. This finding indicates mesial movement 
of mandibular first molar. This finding is in 
agreement with previous studies (10,11).

There was a statistically significant decrease in 
mean overjet and overbite measurements post-treat-
ment by -4.63 (mm) and -2.75 (mm), respectively. 
Most of the previous studies reported an improve-
ment in overjet and overbite values which was also 
found in the present study (10, 12, 15, 17).

CONCLUSION

Forsus Fatigue Resistant Device was successful 
in correction of skeletal Class II malocclusion. 
FFRD results in restriction of maxilla and forward 
repositioning of the mandible. FFRD resulted 
in significant flaring of mandibular incisors and 
retroclination of maxillary incisors. 
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RECOMMENDATIONS

Based on the results provided by the present 
study the followings are recommended: 

1. Further trials are recommended to compare 
between males and females and the effect of 
difference in gender. 

2. Further trials are recommended to assess the 
changes in maxillary arch width with FFRD. 

3. Further trials are recommended to assess the 
benefits of FFRD in late mixed dentition stage. 

4. Further investigations are recommended to 
assess the spring fatigue of the EZ2 module of 
FFRD.
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