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ONE PHASE VERSUS TWO PHASE TREATMENT IN MANAGEMENT
OF GROWING CLASS II PATIENTS: A RETROSPECTIVE STUDY

Eman H. Elabbassy =" and Ramy F. Abdeldayem™.=

ABSTRACT

Objective: To compare the effects of two treatment modalities for correction of Class II
malocclusion in late growing patients: one-phase fixed orthodontic treatment using Class II
intermaxillary elastics versus two-phase treatment with Twin-block appliance (TB) followed by

fixed appliance.

Material and Methods: The pretreatment and posttreatment lateral cephalograms of 20
females with skeletal Class II due to mandibular deficiency, treated with either one-phase of fixed
appliance using Class II intermaxillary elastics (10 patients, mean age 12.55+0.88), or two-phase of
TB appliance followed by second phase of fixed appliance (10 patients, mean age 11.57+1.03) were
retrieved from the archive of the Orthodontic Department. Cephalometric analysis was carried, and
the results were statistically analyzed and compared.

Results: The two-phase treatment group showed significant mandibular growth represented by
significant increase in the SNB angle (1.91+0.72) and the mandibular length (Co-Gn=3.66+2.04).
There was significant reduction in the ANB angle (-1.91£0.49) and minor decrease in the SNA angle
(-0.44+0.26). No statistically significant skeletal changes were observed in the one-phase treatment
group. The mandibular incisors were more proclined and only significantly intruded in the one-
phase treatment group. Both the upper and lower lips moved forward which was more statistically
significant in the two-phase treatment group. The angle of convexity was only statistically improved
in the two-phase treatment group.

Conclusion: Satisfactory treatment outcomes were achieved by the two treatment modalities.
However, the two-phase treatment was able to produce significant skeletal changes represented by
increased mandibular growth, with less mandibular incisors proclination, together with better soft
tissue profile.
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INTRODUCTION

Timing of treatment is a very critical decision
during treatment planning in orthodontics. It is
based to a great extent on the clinician’s experience
due to the limited studies targeting the question
about early treatment.!

One rationale of early treatment is that early
correction of the visible traits of the malocclusion
during the child’s maturation stage will prevent the
development of poor self-concept.? Another goal of
early treatment is to correct existing or developing
skeletal, dental, and muscular imbalances to create
a better environment for the remaining growth and
development. ** On the other hand, early treatment
increases the total cost and time of treatment.
Therefore, a cost-benefit analysis should always be
considered before taking a decision for every single
case.

Class II division 1 is a common malocclusion
associated with an increased overjet that can lead
to increased risk of incisor trauma, teasing and
bullying in children.®” This can have a negative
psychological impact that affects the child’s self-
confidence. In addition to improving the self-
concept, early treatment of Class II malocclusion
via two-phase treatment has the advantage of
making use of the residual growth needed for
growth modification which reduces the overall
need for a more complex orthodontic treatment like
permanent tooth extraction or orthognathic surgery.®
Opponents of two-phase Class II treatment argue
that many patients have only limited capacity to
cooperate and that the total treatment time for dual
treatments that require 2 phases of compliance and
retention may be more.” Moreover, many studies
found no change in the mean self-concept score in
subjects treated with two- phase treatment with no
improvement in their perception about themselves
after reduction of the Class II malocclusion after an
early phase treatment of growth modification.'”

The the
orthodontist with a skeletal Class II malocclusion

timing the patient presents to
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greatly affects the decision. In case of early show,
many orthodontists prefer to make use of the active
growth period and go through growth modification
with a functional appliance followed by a second
phase of fixed appliance treatment for detailing
and finishing. A greater problem presents in case
of late show in the late stages of growth specially
in females. The orthodontist usually becomes in a
conflict, whether to try to make use of the residual
growth remaining which can be useless in this
critical timing increasing the cost and treatment
duration, or to start a single phase camouflage fixed
appliance treatment forgetting all about growth
modification and only targeting dental modification.

The twin block appliance (TB) introduced
by William Clark in 1988 is one of the most
commonly used functional appliances used for
growth modification in growing Class II division
1 patients.'" It proved to be efficient to reduce the
overjet, correct the molar relationship, and reduce
the severity of malocclusion. However, it was
assumed that the majority of the improvement was
due to dentoalveolar changes with small amount of
favorable skeletal effects. Skeletal changes were
found to account for one-third of the decrease in
the overjet while the remainder was found to be
predominantly due to dental compensations. '

Correction of Class II malocclusion using Class
II intermaxillary elastics is a well-known treatment
option. Although it wasreported to have some skeletal
effects in some previous studies'*>!4, however, the
majority of the effects were dentoalveolar, including
lingual tipping of the incisors with extrusion of the
maxillary and intrusion of the mandibular; mesial
tipping and extrusion of the mandibular molars;
together with clockwise rotation of the occlusal
plane.!'>2!

Hence the aim of this study was to compare
between the treatment effects of two different
methodologies for the management of patients
with skeletal Class II due to mandibular deficiency,
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presenting with a little amount of residual growth
with fixed
appliance and intermaxillary elastics versus two-

remaining; one phase treatment
phase treatment of growth modification followed

by a second phase of fixed appliance treatment for

detailing and finishing.
MATERIAL AND METHODS
This retrospective study was conducted

using the pretreatment and posttreatment lateral
cephalograms of 20 growing females ranging
in age from 11 to 14 years with skeletal Class II
malocclusion due to mandibular deficiency, who
were treated with 2 different Class Il non-extraction
methodologies. Group 1 were treated with single
phase of fixed appliance treatment using Class 11
intermaxillary elastics. Group Il were treated with
2 phase treatment: growth modification with TB
appliance followed by fixed appliance treatment.
The records were retrieved from the archive of the
Orthodontic Department, Faculty of Dentistry-Ain
Shams University.

The inclusion criteria of the selected sample
were: Class II division 1 malocclusion with normal
maxilla and retrognathic mandible (SNB<76),
growing patients in late active growth period
confirmed by pre-operative lateral cephalometry
using the cervical vertebral maturation method
(stage 3 or 4), horizontal or normal growth pattern
with mandibular plane angle<30°, Angle Class
IT molar relationship bilaterally, 5 < Overjet >
10mm, permanent dentition stage with full set of
permanent dentition in both arches with minimal or
no crowding or spacing in either arch.

Patients with Class II malocclusion due to max-
illary protrusion only with a normal mandible, verti-
cal growth pattern, posterior crossbite or tendency
for posterior crossbite, systemic disease or syn-
dromes affecting growth or craniofacial develop-
ment, extracted or congenitally missing permanent
teeth (except the third molars) were excluded.

(1723)

For group I, the mean age for the included sample
of 10 females was 12.55+0.88 years. A single-
phase non-extraction camouflage treatment was
carried for all patients using 0.018 inch preadjusted
fixed appliance, following the same steps of
comprehensive fixed appliance treatment, starting
by leveling and alignment. Correction of Class II
canine and molar relationship was initiated using
Class II intermaxillary elastics (1/4 inch-6 ounces)
after placing heavy maxillary and mandibular
archwires; 0.017 x 0.025 inch stainless steel. These
elastics were applied from maxillary canines to
mandibular first molars bilaterally (Figure 1).
Follow up visits were scheduled every 4-6 weeks
where the force level was measured each visit with
a tension gauge to adjust the appropriate size of the
elastics while having the patient biting in maximum
intercuspation.

Fig (1). Class II intermaxillary elastics used in one-phase

treatment group

For group II, the sample consisted of 10
females with a mean age 11.57£1.03 years. In
Phase I treatment, patients were treated with a
standard removable TB appliance to allow for
growth modification and advance the retrognathic
mandible.?> During wax-bite registration, a single-
step mandibular advancement was carried to reach
an edge-to- edge incisor relationship with a 2-3 mm
bite opening between the central incisors. Acrylic
capping of the lower incisors was added to the
standard design (Figure 2). Patients were instructed
to wear the appliance 24 hours per day except
during mealtimes. Follow up visits were scheduled
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every 4 weeks until the end of treatment where the
interocclusal acrylic was trimmed in all of the patients
and the labial bow was kept passive throughout the
treatment. Phase | treatment was discontinued when
the overjet and the overbite were reduced to 1-2mm.
Duration of phase I varied greatly according to
the degree of patient cooperation. Phase II non-
extraction treatment was started immediately using
0.018 inch preadjusted fixed appliance to correct
minor displacement, coordinate the arches, and to
finalize the occlusion. During the finishing stage,
Class Il intermaxillary elastics as well as elastics for
interdigitation were used when indicated.

Fig 2. Twin-block appliance used in two-phase treatment group

The study was carried using the pretreatment
lateral cephalograms acquired immediately before
placement of any of the used appliances (T1), and
the posttreatment lateral cephalogram acquired at
the end of treatment after achieving class I canine
and molar relationship (T2). The duration of
treatment of either of the two treatment modalities
varied among patients depending on the degree
of cooperation, as both treatment modalities are
compliance dependent.

Dolphin Imaging 11.0 Software (Dolphin Imag-
ing and Management solutions, Chatsworth, Calif)
was used to analyze the retrieved lateral cephalo-
metric radiographs. The anatomical landmarks were
first digitized, then the predefined lines and angles
in the data base of the program were measured and
calculated automatically by the software program.
The resulting skeletal, dental and soft tissue mea-
surements were compared between the 2 groups.
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To ensure the reliability of the measurements,
they were carried twice by the same observer
within one month interval, and by another observer.
Cronbach’s alpha reliability coefficient results
showed very good intra-observer and inter-observer
agreement with Cronbach’s alpha value not less
than 0.800 for all the variables.

Statistical analysis

Statistical analysis was performed utilizing
SPSS software (version 20.0, IBM; Armonk,
NY). Descriptive statistics described by the Mean,
Standard Deviation (SD) as well as the mean
differences between the pre and post measurements
were measured for all quantitative variables.
To test normality hypothesis for further choice
of appropriate parametric and non-parametric
tests, Shapiro-Wilk test of normality was used
for all quantitative variables. As the majority of
the wvariables were found normally distributed,
parametric tests were used. Paired sample t-test was
used to compare T1 and T2 measurements within
each group. Independent samples t-test was used for
comparing the difference (T2-T1) between the two
groups. The significance level was set at P < 0.05.

RESULTS

Tables 1,2 and 3 show the changes between T1
and T2 in each group, as well as the comparison
between the mean differences (T2-T1) of the
measurements between the 2 groups.

Skeletal changes
The two-phase treatment group showed
significant skeletal changes represented by

significant mandibular growth represented by
significant increase in the SNB angle (1.91+0.72)
together with significant increase in the mandibular
length (Co-Gn=3.66+2.04). There was a significant
reduction in the ANB angle (-1.91+0.49) and a
minor decrease in the SNA angle (-0.44+0.26). The
mandibular plane angle (Sn/Go-Gn) also showed a
significant increase in this group (0.974+0.57). On
the other hand, no statistically significant skeletal
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changes were observed in the one-phase treatment
group with a statistically significant difference
between the 2 groups for the SNB angle and the Co-
Gn measurements (P>0.05).

Dental changes

The maxillary incisors were significantly
retroclined and extruded in both groups with
no significant difference between the 2 groups
(P>0.05). The mandibular incisors were significantly
proclined in both groups but with more statistically
significant proclination in the one-phase treatment
group. Vertically, the mandibular incisors were only
significantly intruded in the one-phase treatment

group (-2.38+3.78).

The maxillary molars were significantly
distalized in both groups but with more significant

distalization in the two-phase treatment group
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(0.824+0.62). The mandibular molars were extruded
in both groups with no significant difference
between the 2 groups (P>0.05).

Both groups showed significant clockwise
rotation of the occlusal plane, reduction in the
overjet and overbite, all of which was not statistically

significant between both groups (P>0.05).

Soft tissue changes

Both treatment groups showed an improvement
in the soft tissue profile represented by a significant
decrease in the distance between Eline to both the
upper and lower lips which was more statistically
significant in the two-phase treatment group
(P>0.05). The nasolabial angle was improved in
both groups while the angle of convexity was only
statistically improved in the two-phase treatment
group (2.52+1.05).

TABLE (1). Mean values of measurements at T1 and T2 and the mean difference (T2-T1) in the one-phase

treatment group; Paired t-test.

Measurement Mean T D Mean 12 D Mean diff. SD P value
Skeletal measurements
SNA*® 80.24 1.93 80.08 2.06 -0.16 1.63 0.30425
SN* 75.11 1.16 75.16 1.65 0.05 1.11 0.92456
ANB” 513 0.90 4.62 1.63 -0.51 1.52 0.25191
SN/Go-Gn* 29.46 0.80 30.60 2.07 1.14 1.63 0.19507
Co-Gn mm 103.30 3.11 102 3.32 -1.30 0.67 0.01232
Dental measurements
U1/SN” 107.98 3.76 104.32 2.76 -3.66 1.92 <0.05
U1-FH mm 10.86 1.12 12.38 2.54 1.53 0.95 <0.05"
L1/MP” 94.01 7.03 105.76 11.19 11.75 6.78 <0.05
L1-MP mm 22.76 1.18 20.38 4.07 -2.38 3.78 <0.05
U6-PTV mm 40.16 0.52 39.30 0.76 -0.86 0.34 <0.01"
U6-FH mm 30.68 1.88 31.71 143 1.03 1.52 0.15448
L6-MP mm 18.64 2.13 20.56 231 1.92 0.26 <0.001"
Occlusal plane/SN” 16.93 2.33 20.23 3.86 3.31 1.98 <0.05
Overjet 571 1.39 2.34 1.07 -3.36 2.23 <0.05
Overbite 4.57 0.92 0.75 0.49 -3.82 0.90 <0.001"
Soft tissue measurements
UL-Eline mm 2.25 0.68 141 0.84 -0.83 0.49 <0.05
LL-Eline mm -0.52 1.49 0.80 1.38 1.32 0.56 <0.01"
Nasolabial angle 111.72 4.70 115.80 495 4.08 2.97 <0.05"
Angle of Convexity 156.46 3.05 157.60 398 1.14 1.22 0.10528

*, Significant at P < 0.05
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TABLE (2). Mean values of measurements at T1 and T2 and the mean difference (T2-T1) in the two-phase
treatment group; Paired t-test.

Measurement Mean Tl SD Mean T2 SD Mean diff. SD P value
Skeletal measurements
SNA*® 81.16 2.11 80.73 1.91 -0.44 0.26 <0.05"
SNB* 74.69 1.25 76.61 0.85 1.91 0.72 <0.01"
ANB” 6.07 1.22 4.16 1.49 -1.91 0.49 <0.001"
SN/Go-Gn" 28.54 1.23 29.51 1.53 0.97 0.57 <0.05"
Co-Gn mm 97.72 5.74 101.38 4.14 3.66 2.04 <0.01"
Dental measurements
U1/SN* 114.16 4.02 107.78 4.40 -6.85 4.85 <0.05"
U1-FH mm 11.06 1.15 12.56 1.75 1.50 1.04 <0.05"
L1/MP* 92.49 6.69 99.24 6.77 6.75 3.77 <0.05"
L1-MP mm 37.24 3.28 36.30 397 -0.94 0.87 0.07259
U6-PTV mm 14.62 1.20 15.44 1.36 0.82 0.62 <0.05"
U6-FH mm 17.74 3.29 18.76 305 1.02 0.96 0.06315
L6-MP mm 27.06 3.89 2922 3.82 2.16 1.07 <0.05"
Occlusal plane/SN” 18.30 4.58 19.63 426 1.34 0.95 <0.05"
Overjet 8.54 1.85 3.09 0.82 -545 1.89 <0.01"
Overbite 2.61 1.10 1.31 0.80 -1.30 0.75 <0.05"
Soft tissue measurements
UL-Eline mm 2.94 1.27 0.40 1.08 -2.54 1.15 <0.01"
LL-Eline mm 3.56 0.77 1.78 0.45 -1.78 0.68 <0.01"
Nasolabial angle 110.09 6.27 112.20 8.21 2.11 3.79 <0.05"
Angle of Convexity 156.88 3.81 159.40 2.95 2.52 1.05 <0.01"
* Significant at P < 0.05

TABLE (3). Comparison of the mean differences (T2-T1) of the measurements between the 2 groups;
Independent sample t-test.

Measurement One-phase treatment Two-phase treatment Mean diff. SD P value
Mean SD Mean SD
Skeletal measurements
SNA” -0.86 1.63 -0.44 0.26 -042 0.74 0.58487
SNB* 0.05 1.11 191 0.72 -1.86 0.59 <0.05"
ANB* -091 1.52 -1.91 0.49 1.00 0.71 0.19712
SN/Go-Gn* 1.14 1.63 0.97 0.57 0.17 0.77 0.83547
Co-Gn mm 1.30 0.67 3.66 2.04 -2.36 0.96 <0.001"
Dental measurements
U1/SN* -3.66 1.92 -6.85 4.85 3.19 233 0.20870
Ul-FH mm 1.53 0.95 1.50 1.04 0.03 0.99 0.97810
L1/MP” 11.75 6.78 6.75 3.77 5.00 347 <0.05"
L1-MP mm -2.38 3.78 -0.94 0.87 -1.44 1.74 0.43090
U6-PTV mm -0.86 0.34 0.82 0.62 -1.68 0.32 <0.001"
U6-FH mm 1.03 1.52 1.02 0.96 -0.99 049 0.07695
L6-MP mm 1.92 0.26 2.16 1.07 -0.24 049 0.64009
Occlusal plane/SN” 331 1.98 1.34 0.95 1.97 0.98 0.07956
Overjet -3.36 223 -545 1.89 2.08 1.31 0.14996
Overbite -3.82 0.90 -1.30 0.75 -2.52 0.53 0.06121
Soft tissue measurements
UL-Eline mm -0.83 049 -2.54 1.15 1.71 0.56 <0.05"
LL-Eline mm 1.32 0.56 -1.78 0.68 3.10 0.39 <0.001"
Nasolabial angle 4.08 297 2.11 3.79 1.97 5.20 0.07455
Angle of Convexity 1.14 1.22 2.52 1.05 -1.38 0.72 <0.05"

* Significant at P < 0.05
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DISCUSSION

The debate about the timing of Class II treatment
will always exist. Some orthodontists believe that
the execution of phase I treatment of growth modi-
fication simplifies the treatment even if noticeable
skeletal effects are not achieved, but it makes the
second phase of treatment much easier. On the other
hand, other practioners find it a waste of resources
to carry a first phase of treatment although the same
results can be achieved when we wait to achieve
single phase of camouflage treatment decreasing the
burden of time and money and avoiding losing the
patient’s interest and cooperation. Hence, the aim
of this study was to try to find an answer for this
debate through analysis of the pretreatment & post-
treatment records of a sample of growing females
with skeletal Class II due to mandibular deficiency
in their late growth stages treated with one-phase
& two-phase treatment protocols, where the con-
flict always exists. Only females were selected to
exclude the factors of different growth timing and
rates a between males and females.

The results of this study showed significant skel-
etal effects in the two-phase treatment group repre-
sented by slight forward position of the mandible
(SNB°=1.91+0.72) which was in accordance with
previous studies investigating the effects of the TB
appliance.”>?* Moreover, there was significant in-
crease in mandibular length which was in accor-
dance with other studies as well.?>**2¢ Furthermore,
there was a slight headgear effect represented by
the slight decrease in the SNA angle (-0.44+0.26)
which has been reported by many previous stud-
ies.!2?22425:27 A the mandible was postured forward
by the TB appliance, a reciprocal force acted distal-
ly on the maxilla and restricted its forward growth.
On the other hand, few studies did not report any
maxillary restraint effect by either removable!*®
or fixed functional appliances.?*® Consequently,
the two-phase treatment group induced a more fa-
vorable correction in the intermaxillary sagittal
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relationships than did the one-phase treatment
(ANB®, -1.91 and -0.91, respectively). As for the
vertical skeletal changes, the two-phase treatment
induced a significant posterior rotation of the man-
dibular which has been previously reported.” Al-
though few studies reported some skeletal effects
for the intermaxillary Class II elastics like anterior
mandibular displacement' and restriction of ante-
rior maxillary growth', however, the majority of
the studies denied any skeletal effects for the one-
phase treatment using intermaxillary Class II elas-
tics which was in accordance with the results of
this study.?!-!2

Both groups showed significant retroclination
and extrusion of the maxillary incisors but with
no significant difference between the 2 groups. In
the one-phase treatment group treated with fixed
appliance together with Class II intermaxillary
clastics, this could be explained by the vector
of elastics force on the maxillary incisors being
distal and extrusive which is expressed even in the
presence of full thickness archwire in the bracket
slots of the multibracket appliance as reported by
previous studies.””?! On the other hand, the distal
tipping and extrusion of the maxillary incisors in the
two-phase treatment group can be due to the head-
gear effect of the TB appliance. It could be also due
to the labial bow of the appliance that gets in contact
with the incisors during sleep causing them to tip
palatally and consequently extrude in relation to the
reference plane.*

Although the overjet was improved in both
groups, but the absence of mandibular skeletal
effects in the one-phase treatment group led to
more dental compensation represented by more
significant proclination of the mandibular incisors
studies.!>2!

This was accompanied by significant intrusion of

which has been reported by previous

the mandibular incisors in this group, because as the
teeth procline, the vertical distance to the reference
plane decrease. On the other hand, the proclination of
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the mandibular incisors in the two-phase treatment
group was due to the mesial force expressed on them
by the forward posture of the mandible. However,
this amount of proclination was less than that found
in the one-phase treatment group that showed more
forward position of the mandible causing less dental
compensation. Another reason might be the design
of the used TB appliance with acrylic capping
over the mandibular incisors which provided more
control on their position. This explanation was in
accordance with some previous studies investigating
the effect of mandibular incisors capping 3¢, while
opposing the opinion of other studies that did not
find any inhibitory effect for the acrylic capping on
the proclination of the mandibular incisors.*’

The significant
distalization seen in the two-phase treatment group

more maxillary  molar
can be explained by the headgear-effect of the
TB appliance that was consistent with previous
studies.!'?>?* On the other hand, Tumor and Gultan®
reported that the twin block appliance only restricted
the forward movement of the maxillary first molar.
The extrusion of the mandibular first molar seen
in the one-phase treatment group can be explained
by the vector of Class II intermaxillary elastics.
On the other hand, this extrusion in the two-phase
treatment group can be explained by the design of
the TB appliance having the inclined plane on the
mandibular premolars, allowing the first molars to
slightly over-erupt.

The position of both the upper and the lower
lips was improved in both groups, but with more
forward movement of both lips in the two-phase
treatment group representing better soft tissue
response for this treatment modality. Moreover, the
angle of convexity was only improved in the two-
phase treatment group due to the forward movement
of the mandible that was reported in this group.

From the results of this study, we can conclude
that both treatment modalities were effective for
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treating mild to moderate late growing skeletal Class
II females. However, whenever we have remaining
growth to make the hard tissues more responsive
to the applied forces and the soft tissues highly
adaptable, the two-phase treatment can provide
better results regarding the more improvement of the

soft tissue profile and the less dental compensations.

Limitations

The small sample size and the absence of a
control group are considered as limitations for this
study that should be considered in future studies.
Moreover, if this study was prospective rather than
retrospective, it would have had higher level of
scientific evidence. Furthermore, this study only
showed the short-term effects of the two treatment
modalities which was in favor of the two-phase
treatment modality that showed some favorable
skeletal effects. Long-term studies are needed to be
carried to investigate whether these skeletal effects

are sustainable or not on the long-term.

CONCLUSION

* Both treatment modalities were effective in
correcting Class II division 1 malocclusion in
late growing females.

* The two-phase treatment was able to produce
more significant skeletal changes in terms

of mandibular advancement and growth
stimulation.
» The one-phase treatment induced more

dentoalveolar changes than the two-phase
treatment, with greater amount of proclination

of the mandibular incisors.

* Acceptable position of the upper and lower lips
was achieved by the 2 treatment modalities
but with more improvement in the angle of
convexity in the two-phase treatment group.



ONE VERSUS TWO-PHASE TREATMENT IN CLASS I MANAGEMENT

REFERENCES

1.

13.

Varrela J, Alanen.P. Prevention and early treatment in ortho-
dontics: A perspective. J Dent Res. 1995;74(8):1436-1438.

Piers EV. Piers-Harris children’s self-concept scale. Re-
vised Manual. WPS,1984:1-104.

Bishara SE. Facial and dental changes in adolescents and their
clinical applications. Angle Orthod. 2000;70(6):471-483.

DiBiase AT. The timing of orthodontic treatment. Dent up-
date. 2002;29(9):434-441.

Keski-Nisula K, HernesniemiR, Heikanen M, Keski-Nisu-
la L, Verrela J. Orthodontic intervention in the early mixed
dentition: A prospective, controlled study on the effects of
the eruption guidance appliance. Am J Orthod Dentofacial
Orthop. 2008;133(2):254-260.

Petti S. Over two hundred million injuries to anterior teeth
attributable to large overjet: a meta-analysis. Dent Trau-
ma-tol. 2015;31(1):1-8.

DiBiase ET, Sandler PJ. Malocclusion, orthodontics and
bullying. Dent update 2001;28:464-466.

Dugoni S, Aubert M, Baumrind S. Differential diagnosis
and treatment planning for early mixed dentition maloc-
clusions. Am J Orthod Dentofacial Orthop. 2006;129:
880-881.

Keeling SD, King GJ, Wheeler TT, McGorry S. Timing of
Class II treatment: Rationale, methods, and early results of
an ongoing randomized clinical trial. Craniofacial growth
series. Ann Arbor: Center for human growth and develop-
ment, The University of Michigan;1995.p.10112.

. Dann C 4%, Phillips C, Broder HL, Tulloch JF. Self-con-

cept, Class II malocclusion, and early treatment. Angle
Orthod. 1995;65(6):411-416.

. Clark WJ. The twin block technique: a functional ortho-

pedic appliance system. Am J Orthod Dentofacial Orthop.
1988;93:1-18.

O’Brien K, Wright J, Conboy F, Sanjie Y, Mandall N, Chad-
wick S, et al. Effectiveness of early orthodontic treatment
with the Twin-block appliance: A multicenter, randomized,
controlled trial. Part I: Dental and skeletal effects. Am J Or-
thod Dentofacial Orthop. 2003;124(3):234-243.

Jones G, Buschang PH, Kim KB, Oliver DR. Class II non-
extraction patients treated with the forsus fatigue resis-
tant device versus intermaxillary elastics. Angle Orthod.
2008;78(2):332-338.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

(1729)

Meistrell ME Jr, Cangialosi TJ, Lopez JE, Cabral-Angeles
A. A cephalometric appraisal of non-extraction Begg treat-
ment of Class II malocclusions. Am J Orthod Dentofacial
Orthop. 1986;90:286-295.

Ellen ek, Schneider BJ. Selke T. A comparative study of an-
chorage in bioprogressive versus standard edgewise treat-
ment in Class II correction with intermaxillary elastic force.
Am J Orthod Dentofacial Orthop. 1998;114:430-436.

Gianelly AA Arena SA, Bernestein L. A comparison of Class
II treatment changes noted with the light wire, edgewise, and
Frankel appliances. Am J Orthod. 1984;86:269-276.

Nelson B, Hansen K, Hagg U. Class II correction in pa-
tients treated with class II elastics and with fixed function-
al appliances: a comparative study. Am J Orthod Dentofa-
cial Orthop. 2000;118:142-149.

Remmer KR, Mamandres AH, Hunter WS, Way DC.
Cephalometric changes associated with treatment using
the activator, the Frankel appliance and the fixed appli-
ance. Am J Orthod. 1985;88:363-372.

Adams CD, Meikle MC, Norwich KW, Turpin DL. Den-
tofacial remodeling produced by intermaxillary forces in
Macaca mulatta. Arch Oral Biol. 1972;17:1519-1535.

Hanes RA. Bony profile changes resulting from cervical
traction compared with those resulting from intermaxillary
elastics. Am J Orthod. 1959;45:353-364.

Nelson B, Hansen K, Hagg U. Overjet reduction and molar
correction in fixed appliance treatment of class II, division
1, malocclusions: sagittal and vertical components. Am J
Orthod Dentofacial Orthop. 1999;115:13-23.

Toth LR, McNamara JA Jr. Treatment effects produced by
the twin-block appliance and the FR-2 appliance of Fran-
kel compared with an untreated Class II sample. Am J Or-
thod Dentofacial Orthop. 1999;116:597-609.

Singh S, Singh M, Saini A, Misra V, Sharma VP, Singh
GK. Timing of myofunctional appliance therapy. J Clin
Pediatr Dent. 2010;35:233-240.

Mills CM, McCulloch KJ. Posttreatment changes af-
ter successful correction of Class II malocclusions with
twin-block appliance. Am J Orthod Dentofacial Orthop.
2000;118:24-33.

Jena AK, Duggal R, Parkash H. Skeletal and dentoalveo-
lar effects of twin-block and bionator appliances in the
treatment of Class II malocclusion: a comparative study.
Am J Orthod Dentofacial Orthop. 2006;130:594-602.



(1730)

26.

217.

28.

29.

30.

31.

32.

E.D.J. Vol. 69, No. 3

Gill DS, Lee RT. Prospective clinical trial comparing the
effects of conventional twin-block and mini-block appli-
ances: part 1:Hard tissue changes. Am J Orthod Dentofa-
cial Orthop.2005;127:465-472.

Trenouth MJ. Proportional changes in cephalometric dis-
tance during twin-block appliance therapy. Eur J Orthod.
2002;24:485-491.

Illing HM, Morris DO, Lee RT. A prospective evaluation
of Bass, bionator and twin-block appliances. Part I: the
hard tissues. Eur J Orthod. 1998;20:501-516.

Pangrazio-Kulbersh V, Berger], Chermak DS, Kaczynski
R, Simon ES, Haerian A. Treatment effects of the man-
dibular anterior repositioning appliance on patients with
Class II malocclusion. Am J Orthod Dentofacial Orthop.
2003;123:286-295.

Valant JR, Sinclair PM. Treatment effects of the Herbst ap-
pliance. Am J Orthod Dentofacial Orthop. 1989;95:138-147.

Janson G, Sathler R, Fernandes TM, Branco NC, Freitas
MR. Correction of Class II malocclusion with Class II
elastic: a systematic review. 2013;143(3):383-392.

Serbesis-Tsarudis C, Pancherz H. Effective TMJ and chin
position changes in Class II treatment. Angle Orthod.

33.

34.

35.

36.

37.

38.

Eman H. Elabbassy and Ramy F. Abdeldayem

2008;78:813-818.

Gafari J, Shofer FS, Jacobbson-Hunt U, Markowitz DL,
Laster LL. Headgear versus functional regulator in the
early treatment of Class II division 1 malocclusion: a ran-
domized clinical trial. Am J Orthod Dentofacial Orthop.
1998;113:51-61.

Morndal O. The effect on the incisor teeth of activator treat-
ment: a follow-up study. Br J Orthod. 1984;11:214-220.

Sidlauskas A. The effects of the Twin-block appliance
treatment on the skeletal and dentoalveolar changes in
Class II division 1 malocclusion. Medicina (Kaunas).
2005; 41:392-400.

Baysal A, Uysal T. Dentoskeletal effects of Twin Block
and Herbst appliances in patients with Class II division 1
mandibular retrognathy. Eur J Orthod. 2014;36:164-172.

Twin block appliance with acrylic capping does not have a
significant inhibitory effect on lower incisor proclination.
Angle Orthod. 2017;87:513-518.

Tumor N, Gultan AS. Comparison of the effects of mono-
bloc and twin-block appliances on the skeletal and den-
toalveolar structures. Am J Orthod Dentofacial Orthop.
1999;116:460-468.



	_GoBack
	_GoBack

