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There are numerous types of functional appli-
ances used for the correction of Class II maloc-
clusion. The selection of the appliance varies ac-
cording to the type of skeletal and dental anomaly, 
growth pattern, and the operator’s preference.1 In 
1905 Emil Herbst introduced the first fixed func-
tional appliance that is commonly used for the 
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treatment of Class II malocclusion due to man-
dibular retrognathia or small mandible size.2,3 
Pancherz4  then reintroduced the appliance, and 
reported its favorable effects as a combination of 
orthopedic and dental corrections.5 On the other 
hand, this appliance has some disavantages such 
as a great deal of lab work, extensive chair time, 
breakage in the anchorage unit, and production of 
rigid forces.6 These led the clinicians to seek for 
new treatment alternatives and appliances.

Sabbagh Universal Spring (SUS²) (Dentaurum, 
Ispringen, Germany) is one of these new developed 
devices, which is the result of the consecutive de-
velopment of the Sabbagh Universal Spring (SUS) 
(Figure 1).7 SUS was designed as the combination 
of the most two common appliances, Herbst and 
Jasper Jumper, aiming to improve their favorable 
treatment outcome and to minimize their disad-
vantages.6 The subsequently developed SUS² has 
a telescope unit with a spring for universal inter-
maxillary use and it produces constant, mainly 
horizontal forces when the mouth is closed.8 The 
primary advantage of this appliance is that, it acts 
like Herbst, headgear or Class II elastics accord-
ing to how it is activated. Also, it is claimed that it 
helps to avoid extractions and orthognathic opera-
tions.6

Another newly developed appliance, Forsus 
Fatigue Resistant Device (FRD) (3M Unitek, Mon-
rovia, CA) (Figure 2) is an innovative semi-rigid 
three-piece telescoping spring for Class II correc-
tion.9 It consists of a universal spring module, an 
‘L’ pin and a pushrod that is available in five differ-
ent sizes and it is designed to overcome breakage 
problems that can occur with other fixed function-

al appliances. The appliance produces continuous 
orthopedic forces, and also the force level can be 
modified by varying the pushrod size to the desired 
force level depending on the clinical application. 
This feature gives the oppurtunity to clinicians 
to modify the force magnitude according to their 
preference.10

The effects of SUS² appliance, which has a dif-
ferent status from other fixed functional applianc-
es due to its special activation module, have not 
been documented and compared with any other 
fixed appliance. The purpose of this clinical study 
was to compare the dentofacial changes produced 
by the Sabbagh Universal Spring (SUS²) and For-
sus Fatigue Resistant Device (FRD) used in late 
adolescent patients with Class II malocclusion, 
and quantifies them in comparison with an un-
treated control group.

MATERIALS AND METHODS
The study sample consisted of 59 patients (40 

treated, 19 untreated) with skeletal and dental 
Class II malocclusion. All patients were treated in 
the Yeditepe University clinic with same treatment 
protocols. The patient selection criteria were as 
follows: skeletal and dental Class II malocclusion 
due to mandibular retrognathia, normal or low-
angle growth pattern (SN/MP angle was in 25°-
35° range), postpeak growth period, no extracted 
or congenitally missing permanent teeth (third 
molars were not included) and minimum crowding 
in the lower arch (0-5mm crowding was assigned 
as minimum crowding). Cervical vertebrae matu-
ration index (CVMI) was used for selecting the pa-
tients, and CVMI 5 and CVMI 6 stages which cor-

Figure 1. SUS2 applied to the headgear tube of the upper first molar and to the lower arch, between the first premolar and the canine in the mouth. 

Figure 2. Forsus FRD applied to the headgear tube of the upper first molar and to the lower arch, between the first premolar and the canine in the mouth. 
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respond to post-peak growth period was defined 
by lateral cephalometric radiographs. Approval for 
the study was obtained from Yeditepe University 
Ethical Committe.

Growth period was defined with lateral cepha-
lometric radiograms by using cervical vertebrae 
maturation index for the selection of patients.11 
The mean pretreatment ages for treatment groups 
were 15 years 3 months ± 1 year 2 months in the 
SUS² group and 15 years 1 month ± 1 year in the 
Forsus FRD group. The mean age was 14 years 9 
months ± 1 year 3 months in the control group. The 
age range and the sex distribution of treatment 
and control groups are shown in Table 1 and 2.

To eliminate the effects of growth over the treat-
ment period, an untreated, age-matched Class II 
control group with skeletal and dental character-
istics as similar as possible was obtained from the 
Faculty of Dentistry Archieve, University of Yedite-
pe, in department of orthodontics. 

Appliance Design andApplication
In both study groups, same straightwire brack-

ets with a 0.022-inch slot and same prescription 
were used. Bands were placed with a transpalatal 
arch in the upper jaw to minimize the anticipated 
side effects at the upper posterior segment. After 
the leveling, 0.019 x 0.025 inch stainless steel con-
tinuous archwires were inserted and cinched back 
in the upper and lower arches before the insertion 
of the appliances. No extra torque was given to up-
per and lower arches. According to the manufac-
turer’s instructions,12 the SUS²’ s were connected 
to the headgear tube of the upper first molars and 
the lower arch between the first premolar and the 
canine. In order to obtain a rigid telescope effect, 
the spring force was minimized by inserting and 
turning the middle telescope tube into the guide 
tube (unscrew the slotted screw anticlockwise 
with the activation screw) as described by Sab-
bagh.6 In SUS group the assembled arch adapter 
was inserted into the lower stainless steel arch 
between lower 3 and 4 when tightening the hex-
agonal screw with the hexagon socket screw key. 
There is no way to use bypass wire.

The patients were seen every 4 weeks and the 
appliances were activated every eight weeks by a 
piece of spacer (closed) spring, with steps not ex-
ceeding 5 mm. 

In the FRD group, the appliance was attached 
to the maxillary first molar headgear tube with an 

L shaped ball-pin and to the mandibular archwire 
through a bypass archwire.13 FRD consists of a uni-
versal spring module, a ‘L’ pin and a pushrod that 
is available in five different sizes. The force level 
can be modified by varying the pushrod size to the 
desired force level. The first activation was done 
by inserting wedges on pushrods. Other activa-
tions were done by placing pushrods in bigger siz-
es. The appropriate length of the rod was selected 
according to the manufacturer’s instructions and 
connected to the lower arch between the first pre-
molar and the canine. The patients were seen ev-
ery four weeks, and the appliances were activated 
every eight weeks through wedges placed on the 
pushrod. In our study, in order to prevent the pro-
trusion of lower anterior segment, bands were 
placed on second molars and the brackets were 
fully engaged. The lower arch wire were cinched 
back to minimize any anchorage loss.

In both groups the appliances were removed 
when a Class I or overcorrected Class I canine and 
molar relationship was achieved which eventuated 
in a mean time of 5 months 5 days ± 2 months 3 
days and 5 months 6 days ± 1 month 6 days in the 
SUS2 and Forsus FRD groups, respectively.

Cephalometric Methods
The study was carried out on lateral cepha-

lometric films that were taken before placement 
and after removal of the SUS² and FRD appliance 
in both treatment groups and at the beginning and 
six months after in the control group. The pretreat-
ment and posttreatment cephalograms of each 
patient were traced manually on acetate paper 
by one examiner to minimize any method error, 
and 36 cephalometric landmarks were identified 
as seen in Table 3 and 4. The reference lines used 
in this study were also used in previous investiga-
tions.14,15 To assess the magnitude of the method 
error, 20 radiographs were selected at random 
and remeasured one month after the first mea-
surements. The method error was assessed with 
correlation coefficient. No statistically significant 
method error was observed.

Statistical Methods
The pre and post treatment means, and stan-

dard deviations between the groups were com-
pared with one-way analysis of variance test. If a 
statistically significant difference was found, the 
Tukey multiple comparison test was used to iden-
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tify which groups were different. The differences 
between the groups were compared with Kruskal 
Wallis test. If a statistically significant difference 
was found, the Dunn’s multiple comparison test 
was used to identify which groups were different. 
To compare the unequal values the chi-square 
test was used. The level of significance was set at 
P<.05.

RESULTS
All patients were corrected to dental Class I re-

lationship in a mean time of 5 months 5 days ± 2 
months 3 days in the SUS² group and 5 months 6 
days ± 1 month 6 days in the Forsus FRD group 
(Table 1).

No statistically significant differences were 
found between treatment durations, mean age 
values and sex distribution of the three groups. 
(Table 1 and 2)

Pretreatment (T1) comparison of the three 
groups showed significant differences only in 7 of 
the 36 variables. (Table 3) SNA and SNB angles 
were significantly smaller in the Forsus FRD group 
than in the SUS² and control groups. U1-RL1 dis-
tance was higher in Forsus FRD group than in the 
SUS² and control groups. Overjet, A-labialis su-
perior, E line-labialis superior and inferior linear 
measurements were significantly smaller in the 
control group than both treatment groups.

The result of T1 and T2 difference comparison 
between groups are presented in Table 4. When 
two treatment groups were compared, increase 
of the SNA angle and lip strain measurements 
in Forsus FRD group in contrast to SUS² group 
and increase of the N-A-Pg and A-labialis supe-
rior measurements in SUS² group in contrast to 
Forsus FRD group were found significant during 
treatment. Increase in the IMPA, L1/RL2, SN/OP 
and L1-NB angles and decrease in the interincisal 
angle were also more prominent in Forsus FRD 

group. On the other hand, increase of the Ar-Pg 
measurement of SUS² group was higher than For-
sus FRD group. (Table 4)

SN/PP, IMPA, L1/RL2 and SN/OP angles and 
L1-NB and U1-RL1 linear measurements of SUS² 
group showed significant increase when com-
pared with the control group. On the other hand, 
decrease of U1/SN and U1/RL1 angles and U6-
RL1, overjet, overbite, labialis superior-RL2 linear 
measurements were also significant compared 
with the control group (Table 4).

Comparison of Forsus FRD and control group 
revealed significant increase of the A-RL1, L1-NB 
and lip strain linear measurements and IMPA, L1/
RL2, SN/OP angles and significant decrease in the 
U1/SN, U1/RL1 and interincisal angles and U6-
RL1, Labialis superior-RL2, overjet and overbite 
linear measurements in Forsus FRD group. (Table 
4)

DISCUSSION
The study sample consisted of Class II mandib-

ular retrognathic subjects with normal or low-an-
gle growth pattern and who were at their postpu-
bertal growth period. This group was chosen since 
they could both benefit from the minimal residual 
growth and would have minimal relapse due to 
growth and posttreatment dentoskeletal changes.

The assessment of skeletal age from lateral 
cephalometric films was performed by the evalu-
ation of maturational stages in the cervical ver-
tebrae in order not to take additional hand-wrist 
radiograms.16,17

Results indicated that Class II correction oc-
cured primarily from the maxillary and mandibu-
lar dentoalveolar effects. There were no statisti-
cally significant skeletal sagittal changes since the 
study sample was in post-peak growth period. The 
comparison of SNA angle confirmed that the SUS² 
and FRD appliances had no effect on maxilla at this 

SUS² Forsus FRD Control P

Mean Age
15 year 3 month ± 15 year 1 month ± 14 year 9 month ±

0,210
1 year 2 month 1 year 1 year 3 month

Treatment time 
5 month 5 day ± 5 month 6 day ± 6 month 1 day ±

0,075
2 month 3 day 1 month 6 day 1 month 5 day

SUS² Forsus FRD Control  

Male 9 -45,00% 8 -40,00% 5 -26,30% χ²: 2.7

Female 11 -55,00% 12 -60,00% 14 -73,70% P=.100

Table 1. Mean age and treatment time values of three groups.

Table 2. Gender distribution of three groups.
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growth period. This finding is in accordance with 
the results of Weiland and Bantleon18 and Karacay 
et al.19 On the other hand Pancherz5 and Valant and 
Sinclair20 stated decrease in SNA angle and inhibi-
tion of forward growth of maxilla with Herbst. This 

contrary finding may be related to varience of the 
samples’ ages and different treatment mechanics. 

Likewise maxilla, SUS² and Forsus FRD appli-
ances had no significant effect on the mandible as 
well. During SUS² therapy, the increase found in 

SUS² FRD Control

Grup A Grup B Grup C Significance

Cephalometric 

measurements
Mean SD Significance Mean SD Significance Mean SD Significance A-B-C A-B A-C B-C

SNA (º) -0,85 1,34 0,01* 0,38 0,81 0,049* -0,26 1,55 0,469 0,012* 0,009** 0,324 0,265

SNB (º) 0,5 1,14 0,064 0,53 0,95 0,023* 0,26 1,02 0,275 0,472

ANB (º) -1,2 1,06 0,0001*** -0,15 1,44 0,647 -0,53 1,11 0,054 0,106

SN/PP (º) 0,55 2,41 0,32 0,18 1,51 0,609 -0,71 1,35 0,134 0,049* 0,793 0,048* 0,291

SN/MP (º) -0,38 0,83 0,056 -0,15 1,86 0,723 -0,71 1,39 0,139 0,101

SE (mm) 0,22 1,16 0,416 -0,11 1,44 0,738 -0,42 0,92 0,063 0,194

SL (mm) 0,55 1,71 0,17 1,26 2,38 0,029* 0,74 1,99 0,121 0,521

Pg-NB (mm) -0,13 0,72 0,427 -0,26 0,54 0,044* 0,08 0,36 0,372 0,09

Ar-Pg (mm) 1,31 2,12 0,012* 0,15 1,7 0,691 0,8 1,07 0,005** 0,046* 0,048* 0,612 0,47

A-RL2 (mm) -0,02 1,25 0,998 0,47 1,07 0,065 0,02 1,32 0,959 0,265

B-RL2 (mm) 1,3 1,53 0,001** 0,47 1,82 0,268 0,44 1,5 0,22 0,084

A-RL1 (mm) 0,08 1,25 0,778 0,51 1,99 0,266 -0,77 1,11 0,227 0,049* 0,435 0,334 0,028*

ANS-Me/N-Me (%) 0 0,01 0,163 0 0,01 0,441 0,01 0,02 0,085 0,064

Jarabak Ratio (%) 0 0,04 0,8 0,01 0,03 0,049* 0,01 0,01 0,517 0,334

Gonial Ratio(%) 0 0,01 0,273 0,01 0,03 0,245 0 0,02 0,523 0,412

S-Ar/Ar-Go (%) -0,03 0,06 0,014* 0,003 0,03 0,67 -0,02 0,03 0,002** 0,066

U1/SN (º) -3,53 3,43 0,0001*** -3,38 6,26 0,026 1,53 3,4 0,066 0,0001*** 0,994 0,003** 0,004**

U1/RL1 (º) -3,53 3,43 0,0001*** -3,28 6,08 0,026 1,84 3,07 0,018* 0,0001*** 0,983 0,001** 0,002**

IMPA (º) 5,78 3,91 0,0001*** 10,8 3,07 0,0001*** -0,05 2,27 0,921 0,0001*** 0,0001*** 0,0001*** 0,0001***

L1/RL2 (º) 6,1 4,47 0,0001*** 10,2 4,25 0,0001*** -0,58 2,36 0,3 0,0001*** 0,004** 0,0001*** 0,0001***

Interincisal Angle (º) -2,38 5,95 0,09 -6,75 6,37 0,0001*** -1,03 2,81 0,129 0,002** 0,031* 0,71 0,004**

SN/OP (º) 2,88 2,29 0,0001*** 5,05 3,3 0,0001*** -0,61 2,44 0,294 0,0001*** 0,037* 0,001** 0,0001***

L1-NB (mm) 1,55 1,16 0,0001*** 2,6 1,13 0,0001*** 0,13 0,63 0,396 0,0001*** 0,005** 0,0001*** 0,0001***

U6-RL1 (mm) -0,76 0,58 0,0001*** -1,19 1,22 0,0001*** 0,09 0,91 0,667 0,001** 0,33 0,018* 0,0001***

U1-RL1 (mm) 1,1 0,69 0,0001*** 0,44 1 0,088 0,33 1,18 0,244 0,024* 0,104 0,048* 0,931

Overjet (mm) -3,66 2,08 0,0001*** -4,3 1,1 0,0001*** -0,16 0,88 0,443 0,0001*** 0,478 0,0001*** 0,0001***

Overbite (mm) -1,73 0,9 0,0001*** -2,14 1,06 0,0001*** -0,11 0,44 0,301 0,0001*** 0,277 0,0001*** 0,0001***

H Angle (º) -1,28 4,57 0,011* -0,88 1,28 0,006** -0,47 2,99 0,498 0,054

Nasolabial Angle (º) 1,18 4,98 0,304 -1,25 3,32 0,108 -0,05 3,67 0,951 0,278

N-A-Pg (º) 2,13 2,85 0,003** -0,65 3,04 0,351 1,29 1,85 0,007** 0,009** 0,004** 0,589 0,066

A-labialis 

superior (mm)
0,41 1,33 0,183 -0,79 1,71 0,053 1,06 1,46 0,005** 0,003** 0,038* 0,374

0,001**

E line-labialis 

superior (mm)
-0,53 1,29 0,084 -0,75 0,97 0,003** 0,08 0,81 0,678 0,013* 0,776 0,179

0,043*

E line-labialis 

inferior (mm)
0,3 0,66 0,055 0,71 1,87 0,108 -0,08 0,43 0,444 0,059

Labialis superior-

RL2 (mm)
-0,07 2,15 0,886 -0,07 1,96 0,882 0,94 1,44 0,011* 0,033* 0,999 0,046*

0,048*

Labialis inferior-

RL2 (mm)
1,15 1,79 0,01* 0,82 2,1 0,096 0,98 1,34 0,005** 0,707

Lip strain (mm) -0,51 0,78 0,009** 2,25 2,17 0,0001*** 0,43 1,58 0,255 0,0001*** 0,0001*** 0,179 0,002**

Table 3. Difference in mean changes (T1 to T2).

*Significant (P<.05), **Significant (P<.01), ***Significant (P<.001)
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SUS² FRD Control

Group A Group B Group C Significance

Cephalometric measurements Mean SD Mean SD Mean SD A-B-C A-B A-C B-C

SNA (º)
T1 80,08 3,99 78,28 3,8 81,97 2,38 0,007** 0,239 0,213 0,004**

T2 79,22 3,93 78,65 3,66 81,71 3,02 0,023* 0,867 0,084 0,026*

SNB (º)
T1 75,60 4,57 73,38 3,26 76,45 2,86 0,03* 0,14 0,75 0,029*

T2 76,10 4,62 73,9 3,03 76,71 2,84 0,043* 0,138 0,857 0,046*

ANB (º)
T1 4,53 1,73 4,9 2,23 5,53 1,86 0,28

T2 3,33 1,89 4,75 1,54 5 2,59 0,027* 0,079 0,035* 0,923

SN/PP (º)
T1 9,77 3,30 10,1 2,64 9,45 3,23 0,803

T2 10,33 2,95 10,28 3,05 8,74 2,19 0,138

SN/MP (º)
T1 32,68 6,28 31,92 4,16 30,76 3,2 0,455

T2 32,30 6,35 32,07 3,94 30,05 3,29 0,275

SE (mm)
T1 20,48 2,84 20,63 2,6 20,29 3,32 0,938

T2 20,70 2,81 20,52 1,99 19,87 3,19 0,612

SL (mm)
T1 45,77 10,67 40,63 6,56 45,43 5,72 0,085

T2 46,31 10,06 41,89 6,71 46,17 5,98 0,138

Pg-NB (mm)
T1 4,28 1,72 3,35 1,44 3,03 1,99 0,071

T2 4,15 1,58 3,09 1,64 3,11 1,85 0,087

Ar-Pg (mm)
T1 100,37 7,20 97,7 5,84 96,55 5,06 0,144

T2 1012,68 7,63 97,85 5,43 97,35 4,68 0,057

A-RL2 (mm)
T1 64,33 5,26 62,95 5,94 64,53 3,25 0,558

T2 64,31 5,62 63,42 6,3 64,55 3,83 0,784

B-RL2 (mm)
T1 55,46 8,69 52,26 7,23 55,82 4,39 0,225

T2 56,75 8,19 52,72 6,79 56,25 4,58 0,128

A-RL1 (mm)
T1 48,37 4,50 47,96 2,74 46,51 2,6 0,171

T2 48,45 4,25 48,47 2,42 45,74 2,57 0,02* 0,995 0,042* 0,034*

ANS-Me/N-Me (%)
T1 0,54 0,03 0,56 0,02 0,54 0,02 0,188

T2 0,54 0,02 0,55 0,02 0,55 0,02 0,058

Jarabak Ratio (%)
T1 0,66 0,05 0,65 0,03 0,66 0,03 0,763

T2 0,66 0,08 0,66 0,03 0,66 0,03 0,993

Gonial Ratio(%)
T1 0,71 0,06 0,67 0,06 0,72 0,05 0,068

T2 0,71 0,06 0,68 0,05 0,72 0,05 0,066

S-Ar/Ar-Go (%)
T1 0,79 0,11 0,744 0,07 0,816 0,076 0,074

T2 0,76 0,11 0,747 0,072 0,792 0,079 0,331

U1/SN (º)
T1 104,68 5,56 102,38 6,68 100,42 7,33 0,137

T2 101,15 6,92 99 6,88 101,95 7,2 0,399

U1/RL1 (º)
T1 111,68 5,56 109,53 6,65 107,32 7,32 0,124

T2 108,15 6,92 106,25 6,67 109,16 7,12 0,414

Table 4. Changes and comparisons of T1 and T2 values within the treatment groups and control group.
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IMPA (º)
T1 97,98 7,13 99,9 6,97 99,11 6,63 0,678

T2 103,75 7,30 110,7 7,3 99,05 5,91 0,0001*** 0,006** 0,093 0,0001***

L1/RL2 (º)
T1 33,35 6,10 34,85 5,57 32,5 7,02 0,495

T2 39,45 5,62 45,05 4,66 31,92 6,16 0,0001*** 0,006** 0,0001*** 0,0001***

Interincisal Angle (º)
T1 125,05 7,16 125,73 7,46 130,32 7,95 0,069

T2 122,68 6,21 118,98 6,89 129,29 7,47 0,0001*** 0,212 0,011* 0,0001***

SN/OP (º)
T1 18,15 5,32 15,05 3,24 15,32 5,35 0,081

T2 21,03 5,83 20,1 4,33 14,71 4,57 0,0001*** 0,826 0,001** 0,004**

L1-NB (mm)
T1 4,86 1,69 3,91 1,89 4 1,64 0,177

T2 6,41 1,38 6,51 1,4 4,13 1,6 0,0001*** 0,973 0,0001*** 0,0001***

U6-RL1 (mm)
T1 63,47 5,24 62,25 4,15 62,46 2,19 0,106

T2 62,70 5,33 64,06 3,52 62,55 2,17 0,418

U1-RL1 (mm)
T1 70,49 4,61 71,34 3,96 67,62 2,16 0,008** 0,756 0,049* 0,008**

T2 71,60 4,67 71,78 3,98 67,94 2,59 0,004** 0,988 0,013* 0,008**

Overjet (mm)
T1 5,85 1,85 5,49 1,85 3 1,51 0,0001*** 0,799 0,0001*** 0,0001***

T2 2,19 0,81 1,19 1,16 2,84 1,57 0,0001*** 0,032 0,218 0,0001***

Overbite (mm)
T1 3,97 1,02 4,76 0,96 4,74 1,11 0,127

T2 2,24 0,93 2,62 0,82 4,63 1,18 0,0001*** 0,439 0,0001*** 0,0001***

H Angle (º)
T1 12,83 4,29 12,43 4,27 10,29 4,07 0,141

T2 11,55 5,07 11,55 4,35 9,82 3,96 0,389

Nasolabial Angle (º)
T1 124,35 9,85 126,98 7,54 126,45 13,37 0,706

T2 125,53 9,29 125,73 6,58 126,39 13,15 0,96

N-A-Pg (º)
T1 175,03 5,34 173,4 5,37 171,89 6,43 0,241

T2 177,15 5,27 172,75 4,34 173,18 7,13 0,033* 0,045* 0,083 0,969

A-labialis superior 
(mm)

T1 22,29 3,31 22,65 2,05 19,8 1,94 0,001** 0,893 0,009** 0,002**

T2 22,70 2,93 21,86 2,3 20,86 1,99 0,073

E line-labialis superior 
(mm)

T1 -2,95 2,18 -2,78 1,6 -4,54 1,07 0,003** 0,947 0,013* 0,005**

T2 -3,47 2,03 -3,53 1,89 -4,46 1,07 0,143

E line-labialis inferior 
(mm)

T1 -1,69 2,76 -1,41 2,48 -3,4 1,17 0,017* 0,92 0,046* 0,022*

T2 -1,39 2,88 -0,71 2,17 -3,48 1,26 0,001** 0,595 0,013* 0,001**

Labialis superior-RL2 
(mm)

T1 82,42 8,55 79,1 6,69 78,51 4,41 0,16

T2 82,35 7,86 79,04 7,15 79,45 4,91 0,253

Labialis inferior-RL2 
(mm)

T1 75,92 8,64 72,68 9,24 74,68 4,16 0,416

T2 77,07 7,97 73,51 10,16 75,66 4,13 0,362

Lip strain (mm)
T1 -3,33 2,38 -3,2 2,42 -1,62 3,22 0,098

T2 -3,84 2,44 -0,95 1,58 -1,19 3,32 0,001** 0,002** 0,005** 0,954

SUS² FRD Control

Group A Group B Group C Significance

Cephalometric measurements Mean SD Mean SD Mean SD A-B-C A-B A-C B-C

T1: Pretreatment

T2: Posttreatment
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the Ar-Pg distance may be related to the anterior 
repositioning of the mandible rather than forward 
growth. Küçükkeleş et al21 reported that the rea-
son for the increase might be due to the change in 
the pogonion location whereas; Chen et al22 pro-
claimed the reason for this increase as the back-
ward and upward relocation of articulare point 
during functional therapy. 

There were no statistically significant vertical 
changes related to the appliance wear. This finding 
confirmed that the appliance did not change the 
facial height in late adolescent patients and it is 
consistent with the findings of Weiland and Bant-
leon,18 Covell et al,23 Pancherz,5  Küçükkeleş and 
Orgun,24 and Nalbantgil et al.25 

The correction of Class II malocclusion by both 
appliances was achieved by dentoalveolar chang-
es. This study found no significant difference in 
the upper incisor retroclination (U1/SN) between 
the SUS² and Forsus FRD groups. Both treatment 
groups demonstrated significant decrease in the 
interincisal angle, which was related to upper inci-
sor retrusion and lower incisor protrusion; how-
ever, decrease was more prominent in the Forsus 
FRD group. Likewise, the significant greater re-
duction in overjet and overbite in the Forsus FRD 
group was related to the upper incisors’ retrocli-
nation and lower incisors’ proclination. 

As for the lower incisors, the anterior tipping 
was apparent in both appliances (IMPA, Forsus 
FRD: 10.8 ± 3.07°; SUS2: 5.78 ± 3.91°). The change 
in the parameters related to mandibular incisors 
indicated that these teeth intruded with labial tip-
ping. Besides using negative torqued lower inci-
sor brackets or having lingual crown torque at the 
lower anterior segment, full ligation of the lower 
dental arch and reducing the force setting are pos-
sible options to prevent the protrusion of the lower 
incisors.

The clockwise rotation of the occlusal plane 
was produced by the intrusion of upper molars due 
to the highpull headgear effect of the appliances 
acting on the maxillary molar area. Since the den-
tition was blocked together, this force also influ-
enced the maxillary incisors through archwire. 
The increase in SN-OP angle is also related with 
the protrusion and intrusion of the lower incisors 
in the mandible. Thus, the intrusive force acting on 
the upper molars also acts on the anterior lower 
dentition that was found more prominent in For-

sus FRD therapy. The proclination of the lower in-
cisors was the result of the intrusive force as well 
as anchorage loss. The use of lower incisor brack-
ets with negative torque values or lingual crown 
torque at the lower anterior segment may prevent 
this protrusion. 

The changes related to the soft-tissue profile 
were to a lesser extent than the dentoalveolar 
changes. In SUS² group an increase was found in 
N-A-Pg angle; however, changes were insignifi-
cant when compared with the control group. This 
finding should be related to the forward movement 
of soft tissue pogonion and backward movement 
of a point. On the other hand, Weiland and Droc-
shl,26 Lange et al27 and Ruf and Pancherz28 stated 
in their studies that the facial convexity improved 
with functional appliances. This difference may be 
related to varience of growth period and different 
types of appliances that had been used. The slight 
decrease in E line-labialis superior and Labialis 
superior-RL2 measurements occurred as a re-
sult of the retrusion of the upper lip following the 
backward tipping of the upper incisors and also, 
the lower lip was no longer captured behind the 
upper incisors. Similar soft-tissue changes were 
attained from previous studies.24,25 No statistically 
significant changes were observed in lower lip po-
sition with SUS² and Forsus FRD, when compared 
with control group.

CONCLUSIONS
Dentofacial and soft tissue changes in late ad-

olescent Class II malocclusion patients attained 
with SUS² and Forsus FRD appliances were as fol-
lows:

• In the SUS² and Forsus FRD groups, no statis-
tically significant vertical and sagittal skeletal ef-
fect on the maxilla and the mandible were present. 
Since no vertical changes were observed, the ap-
pliances can be used in high angle patients with-
out gummy smile.

• In both study groups, the changes that took 
place in post peak growth period were achieved by 
only dentoalveolar changes. Thus, these applianc-
es can be an acceptable substitute to Class II elas-
tics for patients who appear to be noncompliant. 

• In study groups, upper incisor retrusion and 
extrusion and lower incisor protrusion and intru-
sion were observed. SUS² group demonstrated 
lesser lower incisor protrusion and upper molar 
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intrusion when compared with Forsus FRD group. 
• The changes related to the soft tissue profile 

were limited, so both appliances may not com-
pensate the esthetic facial outcome that can be 
achieved by orthognathic surgery in Class II adult 
patients.
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