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Abstract
The purpose of this study was to evaluate the effects of a functional appliance
(the R-appliance) on Class II division I vertical growth pattern patients with
mandibular deficiency. Twenty patients (13 girls and 7 boys) of an average age
of 10.6 (SD 0.8) years were treated with R-appliance for 16 (SD 0.4) months.
All patients had Class II division 1 malocclusions due to mandibular deficiency
and were vertical growers. Lateral cephalograms obtained at the beginning
(T1) and at the end (T2) of the study were analyzed. Paired t-tests showed that
SNB significantly increased from 72.8° (SD 2.2°) to 76° (SD 1.8°) (P<0.001) after
treatment. The incisor mandibular plane angle (IMPA) significantly decreased
and the Jarabak index increased for 1.7% (SD 2.5%) (P<0.007). R-appliance was
successful in moving the mandible forward in vertical growth pattern patients
without proclination of the lower incisors.
Keywords: Functional Appliance, Class II Division 1, mandibular deficiency,
R-appliance, vertical growth pattern

Introduction
Class II division 1 malocclusion due to mandibular deficiency is a commonly
observed clinical problem (1, 2), and it has been extensively studied for skeletal and
dental characteristics (3, 4). Different functional appliances have been used to treat this
malocclusion (5-13). Functional appliances put the mandible in forward position, result
in stretches on the related attached muscular groups of the mandible, and create bone
remodeling and muscular adaptation (14-21). However, it is reported in the literature that
functional appliances can cause restriction of maxillary growth (5, 22, 23). Moreover, flaring
of lower incisors is another of their disadvantages (24, 25). The influence of functional
appliances in the vertical relation of the bone bases is a controversial subject in literature.
Most of the time, functional appliances are not recommended in vertical growth pattern
patients because these appliances can cause a subsequent clockwise mandibular rotation
and, consequently, may worsen the facial esthetics (18, 26).
Restriction of the maxilla, proclination of lower anteriors and being unsuitable in treatment
of vertical growers are the main disadvantages of traditional functional appliances. In order
to overcome these disadvantages and correct vertical growth pattern patients, R-Appliance
was designed.
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Methods and Materials:
Written consent was obtained from each patient or parent according to the ethical
principles of the Declaration of Helsinki and was approved by IAU Local Research Ethics
Committees.
The study consisted of 23 consecutive patients with skeletal Class II division I malocclusion,
mandibular deficiency and vertical growth pattern. Three of the patients dropped out
because they could not meet the appointments due to personal reasons. The remaining 20
samples were 7 males and 13 females with the mean age of 10.6 (SD 0.8) years. All subjects
met the following inclusion criteria:
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Figure 1. The R-appliance
1. ANB > 4°, SNB < 78°, overjet > 4 mm at the
initial lateral cephalograms;
2. Nonsyndromic or medically compromised
patients;
3. No previous surgical intervention;
4. No use of other appliances before or during
the period of functional treatment.
5. No skeletal asymmetry
6. Vertical growth pattern (GoGn-SN > 32°)
All the patients were treated with the
R-appliance (10, 12, 13) (Figures 1 and 2). The
patients were instructed to wear the appliances
full-time except for eating, contact sports and
tooth brushing.
The R-appliance is a tooth and tissue borne
appliance. It consists of buccal and lingual shields,
which are connected to each other through the
occlusal clearance during bite construction. These
shields are extended to the distal of the first
permanent molars and cover the buccal and lingual
regions and the depth of the vestibule. The lingual
shield should be fabricated with minimal undercut
relieve. The left and right lower lingual shields are
connected and reinforced with a heavy archwire
(1mm diameter) to withstand the load of muscular
activity. A heavy wire (1mm diameter), which acts
as a tongue bow, is positioned posterior to connect
the right and left acrylic parts on the palatal aspect
in order to reinforce the appliance. The labial
bow is constructed of 0.7 mm stainless steel wire
extended from canine to canine with vertical loops
in the canine region. In this group, the construction
bites were taken with the upper and lower anterior
teeth in an edge to edge occlusion with more than
4 mm of posterior clearance. In other words, the
thickness of the connection between buccal and
lingual shields would be more than 4 mm. Lateral
cephalograms of the patients were taken in
centric occlusion at the start (T1) and completion
(T2) of functional treatment. SNA, SNB, ANB,
Y-axis (angle between the line connecting Sella
to Gnathion and SN), GoGn-SN (angle between
SN and mandibular plane), Gonial angle (the
angle formed by the junction of the posterior
and lower borders of the lower jaw), Inclination

Figure 2. The R-appliance in the mouth
angle (angle between perpendicular line
dropped from N-Se at N’ and palatal plane), 1
to SN (angle between long axis upper central
incisor and anterior cranial base), IMPA (angle
between the long axis of the lower central
incisor and mandibular plane), interincisal angle
(angle between upper and lower incisors), 1 to
NA (distance between maxillary central incisor
to N-A), ī to NB (distance between mandibular
central incisor to N-B), occlusal to SN (angle
between SN and occlusal plane), and Jarabak
index (the ratio between posterior and anterior
face heights; S–Go/N–Me) were measured on
pre and post treatment radiographs.
Two weeks after the first measurements, the
tracings and measurements were repeated by
one blinded dentist on 10 random cephalograms
at the beginning and end of the treatment. To
assess the reliability of the measurement, the
intraclass correlation coefficients were calculated
for each variable in the T1 and T2 cephalograms.
No significant differences were found between the
first and second measurements of those randomly
selected cephalograms.
Data were tested for normality and appropriate
statistical test were applied. Statistical significance
was set at P<0.05. The magnification factor of
the cephalograms was standardized at 8 per
cent. The Statistical Package for Social Sciences,
Version 20 (SPSS Inc. Chicago, Illinois, USA)
was used to analyze the data. Paired T-test was
used for evaluation of pre and post treatment
measurements if the distribution was normal;
otherwise, Wilcoxon test was used.

Results:
After 16 (SD 0.4) months of treatment paired
T-tests showed significant ANB decrease of 3.2°
(SD 1.6°) (P<0.001) and SNB increase of 3.3° (SD
1.5°) (P<0.001). IMPA significantly decreased from
101° (SD 7.2°) to 98° (SD 9.7°) (P<0.02). 1 to SN also
significantly decreased for 6.1° (SD 5.6°). Jarabak
index increased from 59.2% (SD 3.4%) to 61%
(SD 3.5%) (P<0.007). Before and after treatment
changes can be seen in table 1.
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Table 1: Pre and post treatment cephalometric changes of patients treated by R-appliance
Before Treatment

After Treatment

Difference

Landmark

P Value
Mean

SD

Mean

SD

Mean

SD

SNA °

80

2.6

79.8

2.9

-0.3

1.8

0.5

SNB °

72.8

2.2

76

1.8

3.3

1.5

0.001*

ANB °

7.3

2

4.1

1.8

-3.2

1.6

0.001*

Y-axis °

73.5

3.2

72.7

3

-0.8

1.8

0.07

GoGn-SN °

39.2

4.4

38.6

5

0.6

2.7

0.3

Gonial Angle °

133

5.8

132

5.5

-0.8

2.6

0.2

Inclination Angle °

84.5

2.6

85.7

3.8

1.1

4.9

0.3

U1-SN °

102

7

96

6.5

-6.1

5.6

0.001*

IMPA °

101

7.2

98

9.7

-3

5.4

0.02*

Interincisal Angle °

117.6

9.5

127.8

12

10

8

0.001*

U1-Na (mm)

4

3

2.1

2.6

-1.8

3.4

0.02*

L1-NB (mm)

4.6

1

4.5

1.4

-0.1

0.4

0.6

Occlusal to SN °

23.9

3.5

23.6

3.8

-0.2

3.3

0.7

Jarabak (%)

59.2

3.4

61

3.5

1.7

2.5

0.007*

* P value was set at 0.05

Discussion:
Class II division I malocclusion presents either
with a prognathic maxilla and a normal mandible,
or a normal maxilla and a retrognathic mandible,
or even a combination of both. In this study all the
cases had mandibular deficiency and were selected
solely on the basis of their vertical growth pattern.
Use of functional appliances is not recommended
for treatment of Class II division I malocclusion
cases with high mandibular angle(18, 26). The
objective of this study was to verify observations
we have made previously in a case study (27) by
analyzing a larger number of patients.
In this study, R-appliance improved the
skeletal intermaxillary discrepancy in Class II
vertical growth pattern patients with mandibular
deficiency without proclination of the lower
incisors. From a clinical standpoint, the treatment
of patients who have high mandibular plane
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angle is difficult. During the treatment of a Class
II malocclusion patient with a high angle, it is very
important to avoid the extrusion of maxillary and
mandibular posterior teeth. Equally important, the
maxillary and mandibular posterior teeth should
be intruded. The connection of lingual and buccal
shield of the R-appliance acts as a posterior bite
plate and intrudes posterior teeth. The thickness
of the connection between lingual and buccal
shields can vary at the clinician’s discretion
depending on the severity of the patient’s vertical
growth pattern. Normally this thickness is 2 to 3
mm which should be increased as the patient’s
facial height increases. Nevertheless, there have
been reports that bit plate can decrease surface
electromyographic activity of masticatory muscles
which is probably associated with the smaller
number of occlusal contacts (28). Functional
appliances are used to correct the Class II
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division I malocclusion. An electronic search
in literature will reveal copious researches
about functional appliances and their effects
on mandible (14, 16, 18, 19). During treatment
with functional appliances, it has been claimed
that forward growth of the maxilla may be
inhibited (5, 22, 23). Some studies have
reported that the mandibular incisors procline
or advance significantly during functional
appliance treatment (24, 25, 29, 30, 31). In
the R-appliance group the mandible was
positioned anteriorly for construction bite. The
lingual shield of R-appliance was fabricated
with less undercut relief. The undercut relief
should be reduced to the extent that it does
not irritate the patient (32); however, it should
be reduced enough to cause mild trauma. To
avoid this trauma all patients were recurrently
instructed to posture the mandible forward.
This posturing became habitual as patients
naturally adopted a comfortable position. In
addition, the discomfort caused by reduced
relief changed patient’s compliance into an
unconscious one in the long run. Since the
patient moves the mandible forward the
protractor muscles are activated and retractor
muscles are deactivated. The activation of

protractor muscles would keep mandible
forward while the retractor muscles wouldn’t
have any significant role to pull it back. This
active protrusion has a favorable effect on the
growth and remodeling of the mandible (33).
In addition, this activation prevents headgear
effect on maxillary complex and flaring of
the lower incisors. Lack of reflex of retractor
muscles on the mandible would cause a slight
uprighting of the lower incisors.
In this study, the increase of Jarabak index
is indicative of the efficacy of R-appliance in
treatment of vertical growth pattern patients
suffering from Class II malocclusion division 1.
This was achieved by increasing the thickness
of the connection between lingual and buccal
shields which would act as a posterior bit plate.

Conclusion:
The following conclusions can be drawn on the
basis of this study’s findings:
1- R-appliance resulted in forward positioning of
the mandible in Class II division I patients with vertical
growth pattern.
2- R-appliance did not cause any proclination
of lower incisor; moreover, it even reduced their
flaring.
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