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  ABSTRACT
Introduction: Class II malocclusion is a common orthodontic discrepancy affecting 

one-third of the world’s population. Thus, functional appliances that cause forward 
posturing of the mandible can induce mandibular growth, and are therefore a popular 
approach for treatment of Class II malocclusion during the growth spurt period.

This study aimed to compare the dental, skeletal, and soft tissue effects of the Twin 
Block (TB) and Guilan Functional Appliance (GFA) on Class II patients with mandib-
ular deficiency.
Materials and Methods:This retrospective study compared 30 patients treated 

with TB and 30 patients treated with GFA. All patients had ANB > 5 degrees, SNB < 
77 degrees, and overjet > 5 mm. Preoperative lateral cephalograms of patients were 
compared with their lateral cephalograms obtained after completion of phase II of 
treatment. Comparisons were made by paired t-test (alpha=0.05).
Results: In the GFA group, SNA significantly decreased from 84.66 to 82.16 de-

grees (P<0.05) while SNB experienced an insignificant reduction from 75.83 to 74.63 
degrees, and ANB experienced a significant reduction from 6.26 to 4.86 degrees 
(P=0.005). In the TB group, SNA significantly decreased from 82.26 to 81.96 (P<0.05) 
while SNB increased from 75.43 to 76.69 degrees (P=0.599), and ANB decreased from 
6.3 to 5.67 degrees (P=0.049). both the TB and GFA decreased the Wits. This reduction 
was greater in the GFA group; however, the difference between the two groups did not 
reach statistical significance(P=0.931).
Conclusion:Despite different designs, both functional appliances were suc-

cessful in treatment of patients with mandibular deficiency.
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Introduction
Class II malocclusion is a common  

orthodontic discrepancy affecting one-third of 
the world’s population.(1,2) Considering the 
dental and skeletal characteristics of Class II  
malocclusion, skeletal mandibular retrusion is a  
common finding.(3) Thus, functional applianc-
es that cause forward posturing of the mandible 
can induce mandibular growth, and are there-
fore a popular approach for treatment of Class II 
malocclusion during the growth spurt period.(4) 

Several functional appliances have been  
proposed for treatment of Class II malocclusion. 
A recent systematic review reported that the 
Herbst appliance followed by the Twin Block 
(TB) had the highest efficacy for acceleration 
of mandibular growth.(5) The TB appliance  
developed by Clark (6) has almost similar  
design in all patients. Its maxillary acrylic  
appliance includes the Adams clasps on first 
molars and a labial bow, as well as an expansion 
screw at the midline, if required. The acrylic 
appliance of the mandible includes the Adams 
clasps on first premolars and an anterior ball 
clasp. 

The GFA may be used to fix Class II  
malocclusion with or without asymmetry. The 
main advantages of the GFA include its simple 
design and the fact that it can also be used in the 
second phase of treatment along with the fixed 
appliance, to further stabilize the position of the

The positive skeletal effects of the TB  
appliance on Class II patients have been well  
documented. However, proclination of  
mandibular incisors that occurs during treatment 
with the TB functional appliance decreases the 
potential to benefit from the maximum skeletal 
effects of this appliance. Also, wire clasps may 
cause tissue injury and require repeated adjust-
ments. Moreover, the wire elements on the labial  
surface of the teeth compromise esthetics.(7) 
Thus, attempts have been made to design a  
functional appliance without such  
shortcomings. 

A new functional appliance was recently  
introduced by Dr. Davood Atrkar Roshan, 
known as the Guilan Functional Appliance 
(GFA).(8) It is a mono-block functional  
appliance fabricated with no wire or clasp. 
The maxillary and mandibular components of 
the appliance are connected with acrylic resin,  
using occlusal wax in an articulator (Figure 1). 

mandible in the second phase of  
treatment, which cannot be performed with other  
functional appliances. Considering all the above, 
this study aimed to compare the dental, skeletal 
and soft tissue effects of the GFA with those 
of the TB on Class II patients with mandibular  
deficiency.
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Figure 1. (Left) Frontal view of GFA; (Right) Lateral view of GFA showing Class I canine relationship after 
mandibular advancement
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Materials and Method
This retrospective study was conducted on 

lateral cephalograms of patients treated in two 
orthodontic offices.

Sample size
The minimum sample size was calculated to 

be 30 patients in each group according to a study 
by Jena et al,(9) assuming alpha=0.05, study 
power of 80%, standard deviation of overjet to 
be 1.71 mm in the TB, and 2 mm in the Bionator 
group, and effect size (d) of 1.36.

Eligibility criteria
The inclusion criteria were (I) CS3-CS5  

skeletal maturation stage, (II) a minimum of 5 
mm of overjet, (III) ANB > 5 degrees, SNB < 
77 degrees, (IV) end-to-end molar relationship, 
(V) minimal crowding (< 4 mm), (VI) normal 
vertical growth pattern, and (VII) no simul-
taneous use of any other appliance or adjunct 
treatment.

The exclusion criteria were (I) syndromic  
patients or those with cleft lip and/or palate, (II) 
history of orthodontic treatment, (III) asymme-
try, (IV) severe crowding or severe proclination 
of anterior teeth, and (V) Class II malocclusion 
due to maxillary prognathism. 

Intraoral photographs and lateral  
cephalograms of patients available in their dental  
records were used to ensure the eligibility  
criteria. accordingly, the sample consisted of 30 
patients treated with TB that were selected from 
an orthodontic office, and 30 patients treated 
with GFA selected from another orthodontic 
office. 

Data collection
Written informed consent was obtained 

from all patients to use their preoperative and  
postoperative dental records for research pur-
poses. 

For both groups, the construction bite was 
recorded with a maximum of 5 to 7 mm of  
forward posturing of the mandible until  
achieving edge-to-edge incisor relationship.

The patients in the TB group received a  
mono-block appliance after completion of 

treatment with the TB until termination of their 
growth spurt period. 

Treatment of patients in both groups contin-
ued in the first treatment phase until correction 
of the sagittal relationship of the jaws and 
achieving superclass I canine relationship. 

Both groups of patients were instructed to 
use the appliance full-time except when eating, 
and tooth brushing, and during contact sports. 
In both groups of patients, the second phase 
of treatment was continued for a minimum of 
one year with fixed orthodontic system (0.028 x 
0.022-inch slot MBT brackets) as non-extraction 
orthodontic treatment after complete correction 
of the sagittal relationship of the jaws. 

Lateral cephalograms of patients taken 
upon termination of functional treatment were 
not available. Thus, the preoperative lateral  
cephalograms of patients were compared with 
lateral cephalograms taken after completion of 
the second phase of treatment with the fixed 
appliance. All cephalograms had been taken in 
natural head position. Also, all cephalograms 
were standardized in terms of magnification for 
accurate comparison of linear measurements. 

Measurements
Skeletal parameters
Linear and angular measurements were used 

to compare the effects of the two appliances 
(Figures 2 and 3). The lateral cephalograms 
were manually traced and analyzed using  
Ricketts (10), Steiner (11), and Downs (12) 
analyses. 

The following angular measurements were 
made in the sagittal plane:

SNA (S point, Nasion, A point)
SNB (S point, Nasion, B point)
Wits
The following angular and linear  

measurements were made in the vertical plane:
SN to Go-Mn (Gonion to mandibular plane)
Y-axis (S point-Gnathion to SN)
Lower anterior facial height (LAFH)
Total anterior facial height (TAFH)



The Condylion to Gnathion (CO-GN)  
distance was measured for mandibular length.

Dental parameters:
The following dental parameters were also 

measured:
Upper 1 to SN (U1-SN)
Lower 1 to Go-Mn (IMPA)
Interincisal angle
Overjet
Moreover, the Pancherz method (13) was 

used for linear measurements, such that occlusal 
line (OL) and occlusal line perpendicular (OLP) 
drawn perpendicular to the occlusal line from 
sella (S) point were used for the measurements 
(Figure 4).

The distances between the following points 
were measured:

ANS-OLP, Pogonion (PG)-OLP, upper  
incisor (UI)-OLP, upper molar (UM)-OLP, 
lower incisor (LI)-OLP, and lower molar  
(LM)-OLP. 

The distance (in millimeters) between the 
LI-OLP and UI-OLP was measured to assess 
the overjet, while the distance between the  
UM-OLP and LM-OLP was measured to  
analyze the molar relationship. 

The PG-OLP was used to assess the  
position of the base of mandible; while ANS-
OLP was used to assess the position of the base of  
maxilla. 
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Figure 2: Landmarks used in cephalometric analysis; (1) sella turcica (S), (2) Nasion (N), (3) Condylion (COND), 
(4) Gonion (Go), (5) Menton (Mn), (6) Gnathion (Gn), (7) Pogonion (Pog), (8) Point B, (9) Point A, (10) Orbitale 
(Or), (11) Anterior nasal spine (ANS), (12) Upper incisal edge (UIE), (13) Lower incisal edge (LIE), (14) Upper in-
cisal apex (UIA), (15) Lower incisal apex (LIA), (16) Upper molar mesial contact (UMC), (17) Lower molar mesial 

contact (LMC), (18) Nose tip (P), (19) Subnasale (Sn), (20) Labiomental (SI), (21) soft tissue pogonion (pog’)
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Figure 3: Linear and angular measurements; (1) SNA, (2) SNB, (3) ANB, (4) Y-axis, (5) SN to Go-Mn, (6) AFH, (7) 
TAFH, (8) U1-SN, (9) L1-SN, (10) interincisal angle, (11) nasolabial angle, (12) mentolabial angle, (13) U1-E line, 

(14) L1 to E line

Figure 4: Measurements according to the Panchez method; OL is the line tangent to the distobuccal cusp of 
permanent maxillary first molar that passes through the midline of incisal overbite. OLP is the line perpendic-
ular to OL that passes from the S point. Lower incisor (LI) is the incisal tip of the most prominent lower incisor. 
Upper incisor (UI) is the incisal tip of the most prominent upper incisor. Lower molar is the mesial contact point 
of permanent mandibular first molar determined by a line tangent and perpendicular to OL. Upper molar (UM) 
is the mesial contact point of mandibular permanent first molar tangent and perpendicular to the OL. Anterior 
nasal spine (ANS) is the most prominent point on the chin determined by a line tangent and perpendicular to 

OL. PG: Pogonion.



Soft tissue parameters
The following variables were measured 

for soft tissue analysis: Nasolabial angle,  
mentolabial angle, U1 to E-line, and L1 to 
E-line. 

To minimize errors, both preoperative and 
postoperative lateral cephalograms were traced 
twice by the same examiner after a one-week 
interval to assess the intra-examiner agreement. 

Statistical analysis
The intraclass correlation coefficient was 

calculated to assess the intra-examiner agree-
ment in measurements. Normal distribution of 
data was analyzed by the Shapiro-Wilk test. 
The Levene’s test was applied to analyze the  
homogeneity of variances. Independent 
t-test and paired t-test were applied for the 
comparison of quantitative variables since 
the assumptions were met. All statistical  
analyses were carried out using SPSS version 26  
(SPSS Inc., IL, USA) at 0.05 level of  
significance.

Results
Thirty patients treated with the TB appliance 

including 13 boys and 17 girls with a mean age 
of 12 ± 0.6 years, and 30 patients treated with 
the GFA including 7 boys and 23 girls with a 
mean age of 13 ± 0.4 years were compared. 

With respect to skeletal, dental and soft  
tissue parameters, t-test showed no significant  
difference between the GFA and TB groups at 
baseline (preoperatively); the difference in ANB 
(P=0.945), Wits (P=0.828), U1-SN (P=0.828), 
IMPA (P=0.198), overjet (P=0.340), and  
nasolabial angle (P=0.377) was not significant 
between the two groups. 

Skeletal linear measurements
Table 1 compares the skeletal linear measure-

ments between the two groups of TB and GFA. 
ANS-OLP: Paired t-test showed a significant 

change in ANS-OLP in both the GFA (P=0.044) 
and TB (P=0.001) groups after the treatment 
compared with baseline. According to t-test, 
the difference between the two groups was not 
significant regarding the change in ANS-OLP 
(P=0.623). 

A-OLP: Paired t-test showed no significant 
change in A-OLP in the FGA group after the 
treatment compared with baseline (P=0.05). 
However, the change in this parameter was sig-
nificant in the TB group (P=0.001). According 
to t-test, the difference between the two groups 
was not significant regarding the change in 
A-OLP (P=0.298).

B-OLP: Paired t-test showed no significant 
change in B-OLP in the FGA group after the 
treatment compared with baseline (P=0.129). 
However, the change in this parameter was sig-
nificant in the TB group (P=0.0001). According 
to t-test, the difference between the two groups 
was not significant regarding the change in 
B-OLP (P=0.122).

PG-OLP: Paired t-test showed a significant 
change in PG-OLP in both the GFA (P=0.007) 
and TB (P=0.0001) groups after the treatment 
compared with baseline. According to t-test, 
the difference between the two groups was not 
significant regarding the change in PG-OLP 
(P=0.610).

Wits: Paired t-test showed no significant 
change in the Wits appraisal neither in the GFA 
(P=0.252) nor in the TB (P=0.344) group after 
the treatment compared with baseline. Accord-
ing to t-test, the difference between the two 
groups was not significant regarding the change 
in the Wits appraisal (P=0.931).
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Skeletal angular measurements
Table 2 compares the skeletal angular  

measurements between the two groups of TB 
and GFA. 

SNA: Paired t-test showed a significant 
change in SNA in the GFA group (P=0.02) 
but not in the TB group (P=0.599) after the  
treatment compared with baseline. According 
to t-test, the difference between the two groups 
was not significant regarding the change in SNA 
(P=0.063).

SNB: Paired t-test showed a significant 
change in SNB in the GFA group (P=0.02) but 
not in the TB group (P=0.599) after the treat-
ment compared with baseline. According to 
t-test, a significant difference existed between 
the two groups regarding the change in SNB 
(P=0.014).

ANB: Paired t-test showed a significant 
change in the ANB in both the GFA (P=0.005) 
and TB (P=0.049) groups after the treatment 
compared with baseline. According to t-test, no 
significant difference existed between the two 
groups regarding the change in ANB (P=0.173).

Variable Group
Before treatment

Mean± SD

After treatment

Mean± SD

Within-group com-
parison

Btween-group 
comparison

ANS-OLP
GFA 69.56 ±10.69 73.53 ± 7.86 P=0.044

P=0.623
TB 62.16 ± 11.46 66.56 ± 12.72 P=0.001

A-OLP
GFA 65.60 ± 9.96 69.33 ± 7.95 P=0.05

P=0.298
TB 60.10 ± 8.28 65.80 ± 8.74 P=0.001

B-OLP
GFA 52.63 ± 8.29 56.73 ± 9.33 P=0.129

P=0.122
TB 59.33 ± 8.29 66.60 ± 7.67 P=0.0001

PG-OLP
GFA 65.56 ± 9.35 69.40 ± 9.14 P=0.007

P=0.610
TB 60.40 ± 8.40 66.73 ± 9.18 P=0.0001

Wits
GFA 3.03 ± 2.63 2.17 ± 1.87 P=0.252

P=0.931
TB 2.91 ± 1.48 2.24 ± 0.78 P=0.344

Table 1: Comparison of skeletal linear measurements between the two groups of TB and GFA (n=30)

Table 2: Comparison of skeletal angular measurements between the two groups of TB and GFA (n=30)

Variable Group
Before treatment

Mean± SD

After treatment

Mean± SD

Within-group com-
parison

Btween-group 
comparison

SNA
GFA 84.66 ± 5.75 82.16 ± 3.79 P=0.02

P=0.063
TB 82.26 ± 4.80 81.96 ± 4.88 P=0.599

SNB
GFA 75.83 ± 4.69 74.63 ± 3.85 P=0.02

P=0.014
TB 75.43 ± 3.6 76.69 ± 3.88 P=0.599

ANB
GFA 6.26 ± 2.44 4.86 ± 1.87 P=0.005

P=0.173
TB 6.30 ± 2.34 5.67 ± 1.77 P=0.049



Skeletal horizontal measurements
Table 3 compares the skeletal vertical  

easurements between the two groups of TB and 
GFA. 

TAFH: Paired t-test showed a significant 
change in the TAFH in both the GFA (P=0.0001) 
and TB (P=0.0001) groups after the treatment 
compared with baseline. According to t-test, 
no significant difference existed between the 
two groups regarding the change in TAFH 
(P=0.600).

LAFH: Paired t-test showed a significant 
change in the LAFH in both the GFA (P=0.042) 
and TB (P=0.036) groups after the treatment 
compared with baseline. According to t-test, 
no significant difference existed between the 
two groups regarding the change in the LAFH 
(P=0.309).

Co-GN: Paired t-test showed a significant 
change in the Co-GN in both the GFA (P=0.003) 

Dental measurements
Table 4 compares the dental measurements 

between the two groups of TB and GFA. 
U1-SN: Paired t-test showed no signifi-

cant change in the U1-SN in either the GFA 
(P=0.321) or the TB (P=0.139) group after 
thetreatment compared with baseline. Accord-
ing to t-test, no significant difference existed  

and TB (P=0.001) groups after the treatment 
compared with baseline. 

According to t-test, no significant difference 
existed between the two groups regarding the 
change in the Co-GN (P=0.515).

Y-axis: Paired t-test showed no significant 
change in the Y-axis in either the GFA (P=0.054) 
or the TB (P=0.458) group after the treatment 
compared with baseline. According to t-test, 
a significant difference existed between the 
two groups regarding the change in the Y-axis 
(P=0.037).

SN-MNP: Paired t-test showed no signifi-
cant change in the SN-MNP in either the GFA 
(P=0.636) or the TB (P=0.212) group after the 
treatment compared with baseline. According to 
t-test, no significant difference existed between 
the two groups regarding the change in the SN-
MNP (P=0.633).

between the two groups regarding the change
in the U1-SN (P=0.088). IMPA: Paired t-test 

showed a significant change in the IMPA in the 
GFA group (P=0.002) but not in the TB group 
(P=0.978). According to t-test, a significant  
difference existed between the two groups  
regarding the change in the IMPA (P=0.007).

Interincisal angle: Paired t-test showed a 
significant change in the interincisal angle in 
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Table 3: Comparison of skeletal vertical measurements between the two groups of TB and GFA (n=30)

Variable Group
Before treatment

Mean± SD

After treatment

Mean± SD

Within-group com-
parison

Btween-group 
comparison

HFAT(mm)
AFG 90.46 ± 5.50 95.03 ± 6.87 P=0.0001

P=0.601
BT 85.06 ± 4.36 90.66 ± 4.94 P=0.0001

mm(HFAL)
AFG 50.9 ± 4.82 55.30 ± 9.45 P=0.042

P=0.309
BT 52.13 ± 6.55 56.0 ± 7.55 P=0.036

nG-oC (mm)
AFG 95.16 ± 15.54 98.63 ±10.29 P=0.003

P=0.515
BT 89.2 ± 8.61 92.43 ± 10.39 P=0.001

sixa-Y (seerged)
AFG 64.0 ± 4.70 65.76 ± 4.81 P=0.054

P=0.037
BT 66.76 ± 4.30 66.46 ± 4.91 P=0.458

PNM-nS

(seerged)

AFG 27.8 ± 6.74 28.20 ± 6.08 P=0.636
P=0.633

BT 30.33 ± 5.34 31.26 ± 5.41 P=0.212
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the GFA group (P=0.002) but not in the TB 
group (P=0.216). According to t-test, a signifi-
cant difference existed between the two groups 
regarding the change in the interincisal angle 
(P=0.001).

U1-OLP: Paired t-test showed no signifi-
cant change in the U1-OLP in either the GFA 
(P=0.071) or the TB (P=0.06) group after the 
treatment compared with baseline. According to 
t-test, no significant difference existed between 
the two groups regarding the change in the  
U1-OLP (P=0.838).

UM-OLP: Paired t-test showed a signifi-
cant change in the UM-OLP in both the GFA 
(P=0.015) and the TB (P=0.017) groups after 
the treatment compared with baseline. Accord-
ing to t-test, no significant difference existed 
between the two groups regarding the change in 
the UM-OLP (P=0.953).

L1-OLp: Paired t-test showed a signifi-
cant change in the L1-OLP in both the GFA 
(P=0.042) and the TB (P=0.0001) groups after 
the treatment compared with baseline. Accord-
ing to t-test, no significant difference existed 
between the two groups regarding the change in 
the L1-OLP (P=0.368).

LM-OLp: Paired t-test showed a signifi-
cant change in the LM-OLp in both the GFA 
(P=0.0001) and the TB (P=0.0001) groups after 
the treatment compared with baseline. Accord-
ing to t-test, no significant difference existed 
between the two groups regarding the change in 
the L1-OLP (P=0.228).

Overjet: Paired t-test showed a significant 
change in the overjet in both the GFA (P=0.0001) 
and TB (P=0.0001) groups after the treatment 
compared with baseline. According to t-test, 
no significant difference existed between the 
two groups regarding the change in the overjet 
(P=0.251).

Table 4: Comparison of dental measurements between the two groups of TB and GFA (n=30)

Variable Group
Before treatment

Mean± SD

After treatment

Mean± SD

Within-group com-
parison

Btween-group 
comparison

U1-SN  
(degrees)

GFA 107.66 ± 11.86 110.1 ± 7.07 P=0.321
P=0.088

TB 108.26 ± 9.40 105.36 ± 7.11 P=0.139

IMPA (degrees)
GFA 102.50 ± 11.30 108.43 ± 7.88 P=0.002

P=0.007
TB 99.23 ± 7.84 99.26 ± 6.37 P=0.978

Interincisal  
angle (degrees)

GFA 125.2 ± 14.14 115.2 ± 11.83 P=0.002
P=0.001

TB 123.0 ± 12.29 125.76 ± 9.06 P=0.216

U1-OLP (mm)
GFA 74.03 ± 15.49 79.93 ± 8.54 P=0.071

P=0.838
TB 62.03 ± 7.93 67.2 ± 9.0 P=0.06

UM-OLP (mm)
GFA 35.23 ± 7.20 39.2 ± 9.08 P=0.015

P=0.953
TB 30.6 ± 8.59 34.7 ± 6.72 P=0.017

L1-OLP (mm)
GFA 66.50 ± 11.83 70.03 ± 8.14 P=0.042

P=0.368
TB 62.03 ± 8.03 68.33 ± 8.52 P=0.0001

LM-OLP (mm)
GFA 35.70 ± 7.50 40.4 ± 6.16 P=0.0001

P=0.228
TB 30.56 ± 5.55 35.56 ± 6.10 P=0.001

Overjet (mm)
GFA 6.17 ± 2.51 2.91 ± 1.35 P=0.001

P=0.251
TB 5.6±2.06 3.14± 0.72 P=0.001



Soft tissue measurements
Table 5 compares the soft tissue measure-

ments between the two groups of TB and GFA. 
U1-E line: Paired t-test showed no signifi-

cant change in the U1-E line in either the GFA 
(P=0.077) or the TB (P=0.058) group after the 
treatment compared with baseline. According to 
t-test, no significant difference existed between 
the two groups regarding the change in the U1-E 
line (P=0.344).

L1-E line: Paired t-test showed no signifi-
cant change in the L1-E line in the GFA group 
(P=0.445). However, the change was significant 
in the TB group (P=0.034). According to t-test, 
a significant difference existed between the two 
groups regarding the change in the L1-E line 
(P=0.037).

Discussion
Class II malocclusion is characterized by 

a combination of dental, skeletal, and soft  
tissue changes (14). However, as reported by  
Franchi et al, (15) the majority of Class II 
patients have mandibular deficiency. Thus, 
functional appliances are an ideal treatment  
approach for growing patients. To achieve  
maximum efficacy, functional appliance  
therapy should be started at the time of growth 
spurt period (16). This study aimed to compare 
the dental, skeletal and soft tissue effects of the 
GFA with those of the TB on Class II patients

Nasolabial angle: Paired t-test showed no sig-
nificant change in the nasolabial angle in either 
the GFA (P=0.987) or the TB (P=0.467) group 
after the treatment compared with baseline.  
According to t-test, no significant difference 
existed between the two groups regarding the 
change in the nasolabial angle (P=0.607).

Mentolabial angle: Paired t-test showed no 
significant change in the mentolabial angle in 
the GFA group (P=0.149). However, the change 
was significant in the TB group (P=0.0001). 
According to t-test, no significant difference 
existed between the two groups regarding the 
change in the nasolabial angle (P=0.063).

with mandibular deficiency. Skeletal age 
of patients was determined according to the  
cervical vertebral maturation stage based on 
their preoperative lateral cephalogram. Also, 
the OL/OLP reference system (13) was used 
for skeletal analyses due to proximity to the  
mandible, and stability of this system and S 
point, which is the main reference point in this 
system, and is used for correct transfer of the 
OLP reference line from the preoperative to 
postoperative tracing. Also, by using the OL and 
OLP reference lines, the change in the occlusal 
plane steepness that occurs during the treatment 
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Table 5: Comparison of soft tissue measurements between the two groups of TB and GFA (n=30)

Variable Group
Before treatment

Mean± SD

After treatment

Mean± SD

Within-group com-
parison

Btween-group 
comparison

U1-E line (mm)
GFA -3.05 ± 3.76 -4.50 ± 3.13 P=0.077

P=0.344
TB 0.41 ± 2.51 -0.22 ±  3.07 P=0.058

L1-E line (mm)
GFA -3.09 ± 2.57 -2.73 ± 3.24 P=0.445

P=0.037
TB -0.22 ± 2.42 -1.25 ± 3.98 P=0.034

Nasolabial  
angle (degrees)

GFA 108.0 ± 7.48 108.03 ± 12.93 P=0.987
P=0.607

TB 106.9 ± 9.08 108.43 ± 10.44 P=0.467

Mentolabial 
angle (degrees)

GFA 107.63 ± 20.39 111.80 ± 17.23 P=0.149
P=0.063

TB 101.81 ± 7.42 110.1 ±13.57 P=0.0001
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does not affect the reference system, and no bias 
would occur in the measurements. Moreover, in 
this system, all measurements are made relative 
to the OLP reference line. Thus, all changes in 
the sagittal occlusion can be related to skeletal/
dental changes of the maxilla and mandible, 
and the correlation of these changes with the 
maxilla or mandible can be precisely analyzed. 
This analysis is only limited to the horizontal 
changes. 

The skeletal effects of functional appliances 
on the maxilla have been variable in the litera-
ture. It has been reported that tension of the mus-
cles and adjacent soft tissue of the face would 
lead to forward movement of the mandible, and 
exert a restricting effect on the maxilla, known 
as the head gear effect (15,17). Illing et al. (18) 
reported a slight reduction in the SNA angle  
following functional appliance therapy.  
Similarly, the SNA slightly decreased in both 
groups in the present study; this reduction 
was not statistically significant (compared 
with baseline) in the TB group while it was  
significant in the GFA group. The two groups 
had no significant difference in this regard. 
Some previous studies showed this inhibitory 
effect on the maxilla (19,20); however, some 
others reported no significant orthopedic effect 
on the maxilla by the TB appliance (9,21). In 
line with the present results, Khoja et al. (22) 
reported no significant change in the SNA (22). 
Also, A-OPL increased by 5.7 mm in the TB and 
by 4.73 mm in the GFA group, in the present 
study; this change was significant in the TB and 
insignificant in the GFA group, compared with 
baseline. This increase can be due to growth and 
development of patients during treatment, and 
the difference between the two groups was not 
significant in this regard. 

In the present study, the mandibular length 
(Co-GN) significantly increased by 3.23 mm 
in the TB and by 3.47 mm in the GFA group.  
Consistent with the present results, Illing et 
al, (18) and Toth and McNamara (23) reported 
an increase in the mandibular length (Co-Gn), 
compared with the control group. Also, the 
present results were in agreement with those of 

Lund and Sandler (24) who reported 5.1 mm 
increase, and the findings of DeVincenzo (25) 
who reported 6 mm increase in the mandibular 
length. On the other hand, increased mandibular 
length manifests as an increase in the LAFH. 
In the present study, the TB group showed 
3.87 mm, and the GFA group showed 4.4 mm  
increase in vertical height. 

In the current study, a slight increase (1.26  
degrees) in the SNB was noted in TB group;  
however, the GFA group showed a slight  
reduction in the SNB, which was significant. 
A previous study claimed that functional  
appliances cause forward movement of the 
point B and pogonion, and resultantly increase 
the SNB angle (25). Similarly, Baysal and 
Uysal (26) reported a significant increase in the 
SNB angle following treatment with the TB. 
Moreover, Khoja et al. (22) reported a signifi-
cant increase in the SNB by 1.56 degrees and 
mandibular length by 3.27 mm over a 12-month 
treatment course. Cozza et al, (5) in their  
systematic review evaluated the effects of  
functional appliances on the mandibular length 
in Class II patients, and showed that the results 
related to changes in mandibular position rela-
tive to the cranial base (SNB) were not clinical-
ly significant in any study. since we did not have 
access to the cephalograms of patients taken at 
the end of the first phase of treatment, the exact 
effect of the GFA on the SNB remains a matter 
of question. 

Previous studies reported a reduction in the 
SNA and an increase in the SNB or a combi-
nation of both following treatment with the 
TB, which resulted in a reduction in the ANB. 
Toth and McNamara (23) reported 1.8 degrees  
reduction in the ANB in patients treated with 
the TB. Also, Illing et al. (18) reported a  
significant reduction in the ANB. In line with the  
aforementioned studies, the present results 
showed a reduction in the ANB by 1.4 and 0.63 
degrees in the GFA and TB groups, respective-
ly; this reduction was mainly due to the increase 
in the SNB in the TB group, and reduction of 
the SNA in the GFA group. 

In the present study, both the TB and GFA 



improved Class II division 1 malocclusion such 
that both appliances decreased the ANB and 
Wits. This reduction was greater in the GFA 
group; however, the difference between the two 
groups did not reach statistical significance.  
Optimal forward growth of the mandible was 
seen in both groups. The overall mandibular 
length according to Co-Gn increased in both 
groups; this increase was greater in the TB 
group; however, the difference did not reach 
statistical significance. 

With respect to dental effects, the GFA  
increased both the U1-SN and IMPA;  
however, the TB decreased the U1-SN and did 
not change the IMPA. In the TB group, the 
U1-SN decreased by approximately 3 degrees, 
which was in line with previous studies; howev-
er, this angle slightly (approximately 3 degrees)  
increased, which was not statistically signifi-
cant. The two groups had no significant differ-
ence in this respect. Illing et al.(18) reported 
a significant reduction in the U1-SN in the 
TB group, compared with Bass and Bionator 
groups. This effect was increased in use of  
labial bow. Moreover, O'Brien et al. (27)  
observed retraction of upper incisors, which 
significantly decreased the overjet. Khoja et 
al, (22) observed retroclination of maxillary  
incisors following treatment with the TB, which 
was in contrast to the findings of de Araújo Brito 
et al (13). De Araújo Brito et al. (13) showed 
that the Herbst appliance caused greater protru-
sion of maxillary incisors compared with the 
control group, which was similar to the results 
in the GFA group in the present study. Different 
effects on upper incisors in the two groups in 
the present study can also be due to different 
designs of the two appliances, and presence of 
a labial bow in the TB appliance, as well as the 
effects of the fixed treatment phase. Moreover, 
the techniques used in the second phase might 
have affected the results of functional therapy. 
Since two different orthodontists performed the 
treatments in the two groups, and the results of 
phase I therapy were not available, the effects of 
the two functional appliances on dental parame-
ters could not be precisely compared.

Literature is controversial regarding the 
effects of the TB appliance on mandibular 
incisors. Lund and Sandler (24) and Khoja 
et al. (22) reported a significant increase in  
lower incisor angle, which was in agreement 
with the present results in the GFA group 
(which was significant). On the other hand, the  
present results showed no significant change 
in the IMPA in the TB group, which was in 
line with the results of Illing et al (18). This  
difference may be related to the effect of second 
phase of treatment, and the treatment techniques 
adopted by the two orthodontists. 

Both appliances decreased the overjet in the 
present study; this reduction was insignificant-
ly greater in the GFA group. It appears that 
retrusion of upper incisors in the TB group and 
proclination of lower incisors in the GFA group 
partly played a role in correction of overjet. 

With respect to soft tissue changes, the effects 
of TB appliance on the soft tissue are conflicting 
in the literature. In the present study, the UL-E 
line slightly decreased in both groups, which 
was not significant. This finding was in line 
with the results of Morris et al, (28) who report-
ed no significant change in sagittal position of 
the upper lip despite severe reduction in overjet. 
However, Quintão et al, (29) and Khoja et al. 
(22) witnessed no significant change in position 
of the upper lip due to maxillary incisor retru-
sion during treatment with the TB appliance. 

In the present study, the lower lip position 
(LL-E line) in the TB group was approximate-
ly 1 degree posterior to that at baseline, which 
was significant. However, it had a more forward  
position compared with baseline in the GFA 
group, which was in accordance with the change 
in the IMPA, and this change was not significant. 
This finding was in agreement with the results 
of Baysal and Uysal (26) and Khoja et al, (22) 
who showed more forward position of the lower 
lip, lower lip sulcus, and soft tissue pogonion in 
the TB group. Nonetheless, Quintão et al. (29) 
reported no significant change in any lower lip 
variable. 

The nasolabial angle in the GFA group 
showed no change at the end of treatment; 
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however, this angle slightly decreased in the TB 
group in the present study. Also, the mentolabial 
angle increased in both groups, but this increase 
was greater in the TB group. 

This study had some limitations. The most 
important limitation was unavailability of 
the lateral cephalograms of patients taken at 
the end of functional treatment phase, which  
prevented precise comparison of the two  
functional appliances without the confounding  
effect of the fixed treatment phase. Consider-
ing no tooth extraction, crowding < 4 mm, and 
its correction with fixed orthodontic treatment 
after achieving Class I canine relationship,  
changes in dental angulations are highly unlikely to  
occur. Nonetheless, the results of dental  
analyses should be interpreted with caution. 

Absence of a control group was another  
limitation, which made it impossible to precise-
ly analyze the change in parameters. Consider-
ing the novelty of the GFA, further studies are 
required to assess the effects of this appliance 
with other functional appliances at the end of 
the first phase of treatment. 

Conclusion
The present results showed that both  

appliances improved facial esthetics in patients 
by a combination of skeletal and dental chang-
es. Treatment with both appliances reduced 
Wits, ANB and overjet in patients. As a result, 
GFA can be useful in improving class II skeletal 
relationships.
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