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Effects of three types of functional appliances
in Class Il malocclusion treatment - sagittal and
vertical changes
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Vanja Stoji¢, Branislav Glisi¢
University of Belgrade, Faculty of Dental Medicine, Department of Orthodontics, Belgrade, Serbia

SUMMARY

Introduction/Objective Class Il malocclusions are sagittal malocclusions characterized by a distal rela-
tionship of posterior teeth. Depending on the underlying problem, Class Il malocclusions can be skeletal
or dentoalveolar. Class Il malocclusion treatment modality will depend on the cause, severity, and age.
Growth modification is the best treatment option in growing patients with skeletal Class Il malocclusions.
The aim of this study was to establish and compare sagittal and vertical skeletal and dental changes in
patients treated with the “M block” appliance, the Frankel functional regulator, and the Balters’ bionator.
Methods The sample consisted of 70 patients diagnosed with skeletal Class Il malocclusions (ANB > 4°)
and mandibular retrognathism (SNB < 80°). The patients were divided into three groups according to the
type of appliance. All the patients went through the standard diagnostic procedure (anamnesis, clinical
and functional analysis, study model, panoramic radiograph, and cephalometric analysis), and dental
and skeletal age was determined. Treatment effects were analyzed on study models and cephalograms
at the end of treatment.

Results All the appliances led to significant mandibular anterior movement and sagittal growth, which
reduced the ANB values. All three groups of patients presented with neutral growth pattern, upper inci-
sor retrusion, and lower incisor protrusion at the end of treatment.

Conclusion The results of this study indicate efficacy of all three appliances in skeletal Class Il maloc-
clusion treatment.
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INTRODUCTION

Class II malocclusions are sagittal malocclu-
sions characterized by a distal relationship
of posterior teeth. Depending on the under-
lying problem, Class II malocclusions can
be skeletal or dentoalveolar. Skeletal Class II
malocclusions are characterized by a distal
maxillo-mandibular relationship. This could
be a consequence of mandibular retrognathism
and/or underdeveloped mandible, maxillary
prognathism and/or overdeveloped maxilla,
or a combination of the two [1, 2]. Depend-
ing on the cause of the malocclusion, Class II
can be treated by growth modification, dental
camouflage, or orthodontic-surgical treatment.
Whenever there is a skeletal discrepancy, best
treatment option would be growth modifica-
tion. However, this treatment modality could
be used only if the patient is still growing [3,
4]. Growth modification treatment uses the pa-
tient’s residual growth in order to change jaw
dimensions and position and establish proper
occlusion. Ideal timing for this kind of treat-
ment would be just before the pubertal growth
spurt. Removable functional appliances are the
most commonly used appliances in children
and late-mixed dentition adolescents. Fixed
functional appliances are commonly used in

adolescents and permanent dentition post-ad-
olescents, due to limited effects of removable
appliances and lack of compliance [4].
Growth modifying functional appliances fa-
cilitate change in the activity of different groups
of muscles by delivering forces to the jaws and
teeth, therefore affecting their function and
position [5]. Most commonly used functional
appliances are Andresen activator, twin block
appliance, Sander’s bite-jumping appliance,
Frankel functional regulator, Balters” bionator,
etc. A modification of the Sander’s bite-jumping
appliance made with the Schaneng screw (Den-
taurum GmbH & Co. KG, Ispringen, Germany)
instead of the Sander’s functional screw (Fores-
tadent Bernhard Forster GmbH, Pforzheim,
Germany) has been successfully used at the
Department of Orthodontics, Faculty of Dental
Medicine, University of Belgrade, for over a dec-
ade. This appliance, also known locally (in Ser-
bia) by the name “M block” appliance, consists
of an upper and lower removable appliance. An
expansion screw and the Schaneng functional
screw are built into the upper appliance. The
lower appliance contains an inclined plane that
guides the functional screw and directs the man-
dible forward. The M block appliance (Figure
1) is built according to the design suggested by
Sander for his bite-jumping appliance [6, 7].
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Figure 1. M block appliance

The aim of this study was to establish and compare sag-
ittal and vertical skeletal and dental changes in patients
treated with the M block appliance, the Frinkel functional
regulator (Figure 2) and the Balters’ bionator (Figure 3).

METHODS

The sample of this study consisted of 70 patients treated at
the Department of Orthodontics of the Faculty of Dental
Medicine, University of Belgrade. Inclusion criteria were
skeletal distal bite (ANB > 4°), mandibular retrognathism
(SNB < 80°), no previous orthodontic treatment, and ap-
propriate age (prepubertal growth spurt).

According to the type of appliance used in treatment,
subjects were divided into three groups: Group I: patients
treated with the M block appliance (30 subjects); Group
II: patients treated with the Frinkel functional regulator
type I (20 subjects); Group III: patients treated with the
Balters’ bionator type I (20 subjects).

All three appliances are indicated for treating growing
patients diagnosed with skeletal distal bite and mandibular
retrognathism.

Standard diagnostic procedure was performed, which
included anamnesis, clinical and functional examination,
study model analysis, panoramic radiograph analysis, and
cephalometric analysis. Dental age was estimated according
to the method developed by Demirjian et al. [8]. Skeletal
age was determined using the modified Cervical Vertebral
Maturation method described by Baccetti et al. [9]. Accord-
ing to age assessment, all patients were in the pre-pubertal

‘ DOI: https://doi.org/10.2298/SARH170428146R

Figure 3. Balters' bionator type |

growth spurt period, which is a crucial prerequisite for
functional orthodontic treatment. The average chrono-
logical age of patients before the beginning of treatment
was 10 years and one month, and the average dental age
was nine years and five months. Skeletal age analysis of
pretreatment records revealed the following data: in Group
I, three patients were in stage 1 (10%), 22 patients in stage
2 (73%), and five patients in stage 3 (17%); in Group II,
nine patients were in stage 1 (45%), seven patients in stage
2 (35%), and four patients in stage 3 (20%); in Group III,
four patients were in stage 1 (20%), nine patients in stage
2 (45%), and seven patients in stage 3 (35%). The average
treatment time was 15 months in Group I, 20 months in
Group II and 22 months in Group III. The patients’ age,
treatment time, and sex distribution are shown in Table 1.

Cephalometric analysis

The following cephalometric parameters were used: I sagit-
tal parameters (angles): SNA - sagittal position of the max-
illa; SNB - sagittal position of the mandible; SNPg — sagittal
position of the chin; ANB - sagittal maxillo-mandibular
relationship; II maxillary and mandibular development pa-
rameters (linear distances): Snp to A’ - length of the maxil-
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lary corpus (C max); Go to Pg’ - length of the mandibular
corpus (C mand); Cd’ to Go’ - length of the mandibular
ramus (R mand); Cd to Me - total mandibular length
(Mand); III vertical parameters (angles): SN/SpP — verti-
cal position of the maxilla; SN/MP - vertical position of the
mandible; SpP/MP - vertical maxillo-mandibular relation-
ship; IV type of growth: Bjork polygon (£ = NSAr + SAr-
Go + ArGoMe); anterior to posterior facial height relation
(S-Go/N-Me x 100); V incisor position (angles): I/SpP -
upper incisor inclination; i/MP — lower incisor inclination.

All appliances (M block, Frankel functional regulator
type I, and Balters’ bionator type I) were made accord-
ing to standard principles previously described in the lit-
erature [10]. Therapeutic effects of these appliances and
consequential changes were recorded on study models and
cephalograms at the end of treatment.

Statistical analysis

Mean values, standard deviations, minimal and maximal
values were calculated as a part of descriptive statistics. Sta-
tistical analysis included two-factor analysis of the variance
with repeated measuring, where the measuring was done in
relation to the factor time and the time and group allocation
factor. Monofactorial variance analysis was done using the
ANOVA, Boneferroni, and Students t-test for determining
the statistical significance of acquired differences.

This research was approved by the Ethics Committee
of the Faculty of Dental Medicine, University of Belgrade
(resolution number 36/6 issued on March 21, 2012).

Table 1. Age, treatment time, and sex distribution

RESULTS
| Sagittal parameters

The SNA angle decreased slightly after the M block ap-
pliance and Frankel functional regulator treatment, and
increased significantly after bionator treatment. Two-
factor analysis of the variance with repeated measuring
was used to evaluate the treatment effect of three differ-
ent functional appliances on the sagittal position of the
maxilla in two different time periods (the beginning and
the end of treatment) and it was established that there
were no statistically significant changes in pre- and post-
treatment values. However, statistically significant changes
appeared when all three appliances were compared. The
SNB angle increased significantly in all three groups of
patients. Two-factor analysis of the variance with repeated
measuring revealed the influence of time on the SNB value
changes within groups. A statistically significant difference
was also noted when comparing all three appliances over
time. The SNPg angle also increased significantly after
treatment in all three groups. Two-factor analysis of the
variance with repeated measuring showed the influence of
time on the value changes before and after treatment, as
well as between groups over time (Table 2). The ANB angle
decreased significantly in all three groups. Statistically sig-
nificant differences were noted in the pre-treatment values
of parameters between Group I and Group II and in the
post-treatment values of parameters between Group I and
Group II, and Group II and Group III (Table 3).

Mean age (years, months) Treatment time Sex
Parameter - Skeletal age
chronological dental (months) a8 Q
Stage 1 (10%)
g"_k";’OCk 10y4m 9y8m Stage 2 (73%) 15 13 17
- Stage 3 (17%)
. Stage 1 (45%)
Erfnzkgl 8y8m 9y2m Stage 2 (35%) 20 10 10
- Stage 3 (20%)
. Stage 1 (20%)
E'Sr‘;gor 10y7m 9y3m Stage 2 (45%) 22 9 1
- Stage 3 (35%)

Table 2. Values and statistical significance of changes - sagittal parameters SNA, SNB, and SNPg

m o A(T2-T1) ) Significance? ) Significance? o o

Parameter X+5SD X +SD X+SD (difference between | (difference between | Significance | Significance?
groups atT1) groups at T2)

SNA (%) P
M block n =30 81.72+297 | 81.63+3.45 | -0.08 £1.26 b0.075 0.720
Frankel n =20 814+252 | 81.25+£249 | -0.15+1.14 0.876 0.357 °0.605* 0.562
Bionator n =20 81.35+2.66 | 8255+248 | 1.20+£1.96 0.013*
SNB (°)
M block n =30 7635+3.22 | 7748+3.13 | 1.13+£1.40 b0,000% 0.000*
Frankel n =20 747 £2.56 | 77.65+246 | 2.95+1.05 0.148 0.971 ‘0:000* 0.000*
Bionator n = 20 755+272 | 77.65+£268 | 215+1.34 0.000*
SNPg (°)
M block n =30 776279 | 7856+2.86 | 0.96+0.99 b0.000% 0.000*
Frankel n =20 76.5+244 | 7855+2.64 | 2.05+0.99 0.250 0.857 C0:001 % 0.000*
Bionator n =20 76.5+284 | 7815+£2.70 | 1.65+0.87 0.000*

*statistically significant difference; monofactorial variance analysis; "two-factor analysis of the variance, factor time; ‘two-factor analysis of the variance, factor

time * group; ‘t-test for paired samples
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Table 3. Values and statistical significance of changes - sagittal parameter ANB

Risti¢ V. et al.

Significance? Significance? Significance® Significance® A .
. . . . Significance
o (difference (difference (difference (difference . .
ANB (°) T1 T2 (difference within
between groups | between groups | between groups | between groups roups T1 and T2)
atT1) atT2) atT1) atT2) group
Mblockn=30 |55+0.81|438+1.11 0.001* M vs. F 0.005* M vs. F 0.000*
Frankeln=20 |6.6+1.35| 3.6+1.23 0.005* 0.002* 0.114Mvs. B 0.154 M vs. B 0.000*
Bionatorn=20 [59+1.07| 49+1.23 0.086 F vs. B 0.002* F vs. B 0.004*

*statistically significant difference; *Kruskal-Wallis test;>Mann-Whitney test; “Wilcoxon matched pairs test

Table 4. Values and statistical significance of maxillary and mandibular development parameters

Significance? Significance?
Parameter T1 T2 A(T2-T1) (difference between | (difference between | Significance®* | Significance®
groups at T1) groups at T2)
C max (mm)
Mblockn=30 | 48.57+3.28 | 49.80+3.13 | 1.23+0.72 0.000* 0.000*
Frankeln=20 | 49.30+2.34 | 50.80 +2.39 1.50+1.36 0.596 0.100 c0:01 1 0.000*
Bionatorn=20| 49.23+2.50 | 51.60 +2.98 237+1.83 0.000*
Cmand (mm)
Mblockn=30 | 70.33+5.37 | 72.02+5.23 1.69 + 0.85 50,000" 0.000*
Frankel n =20 71.23+532 | 73.20+4.72 1.97 £1.40 0.829 0.690 °d.168 0.000*
Bionatorn=20| 71.08 £6.09 | 72.05+5.35 | 0.97 +2.69 0.122
R mand (mm)
Mblockn=30 | 55.77+3.63 | 57.50+3.88 | 1.73+0.93 0.000* 0.000*
Frankel n =20 55.10+4.08 | 56.55+3.43 1.45+2.96 0.515 0.537 ‘0'.796 0.041*
Bionatorn =20 | 54.47 +4.09 | 56.45+3.71 1.98 £3.33 0.016*
Mand (mm)
M blockn=30 | 108.02+5.72 | 109.80 +5.78 | 1.78 +1.27 50,000" 0.000*
Frankeln=20 | 105.70+5.16 | 10840 +5.11 | 2.70+3.21 0.212 0.442 (0'.320 0.001*
Bionatorn =20 | 107.75+2.72 | 110.50+3.28 | 2.75+3.15 0.003*

*statistically significant difference; >monofactorial variance analysis; ®two-factor analysis of the variance, factor time; “two-factor analysis of the variance, factor

time * group; %t-test for paired samples

Il Maxillary and mandibular development parameters

Maxillary corpus length increased significantly after treat-
ment in all three groups. Two-factor analysis of the vari-
ance with repeated measuring established a statistically
significant change in the pre- and post-treatment values of
the maxillary corpus length. Statistically significant chang-
es were also noted when comparing all three groups of
treated patients. Mandibular corpus increased significantly
after M block appliance and Frankel functional regulator
treatment, while an insignificant change was established
after bionator treatment. Two-factor analysis of the vari-
ance with repeated measuring revealed statistically signifi-
cant influence of mandibular corpus length change within
groups over time. Mandibular ramus height increased
significantly in all three groups of patients. Two-factor
variance analysis with repeated measuring revealed the
influence of mandibular ramus length value changes with-
in groups over time. Total mandibular length increased
statistically in all three groups. Two-factor analysis of the
variance with repeated measuring showed a statistically
significant influence of total mandibular length change
within groups before and after treatment (Table 4).

DOI: https://doi.org/10.2298/SARH170428146R

Il Vertical parameters

The SN/SpP angle increased significantly after M block
appliance treatment, and insignificantly after Friankel
functional regulator and bionator treatment. Two-factor
analysis of the variance with repeated measuring estab-
lished a statistically significant difference in value changes
before and after treatment, and a lack of significance when
comparing all three groups before and after treatment.
The SN/MP angle decreased insignificantly in group II,
while it increased significantly in groups I and III. Mono-
factorial variance analysis revealed statistically significant
differences between groups I and III before treatment.
Statistically significant differences were also noted when
comparing groups after treatment. Two-factor analysis of
the variance with repeated measuring established a statisti-
cally significant influence of value changes before and after
treatment, as well as between groups over time. Frankel
functional regulator treatment resulted in a decrease of
the SpP/MP angle, while the M block and bionator treat-
ment resulted in an increase of the same angle. Statisti-
cally significant changes were present when comparing
post-treatment values between groups, while comparing
groups in pairs lacked significance. Two-factor analysis of
the variance with repeated measuring revealed statistically
significant differences between groups over time (Table 5).
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IV Type of growth parameters

The sum of the Bjork polygon angles increased in all
groups, the bionator group lacking statistical significance.
Two-factor analysis of the variance with repeated measur-
ing recognized the influence of all three types of appliances
on the increase at two points in time (before and after
treatment). There was no significant interaction between
the type of appliance and time, while a significant influ-
ence of time (before and after treatment) was confirmed in
patients within each group. The percentage of the anterior
to posterior facial height relation decreased, but none of

the appliances caused any statistically significant differ-
ences in the pre- and post-treatment values (Table 6).

V Incisor position

Upper incisors were uprighted significantly after treat-
ment in all three groups. Monofactorial variance analysis
revealed statistically significant changes in the I/SpP angle
after treatment, as well as between groups over time. Low-
er incisors were proclined significantly after M block and
Frankel functional regulator treatment, while the bionator
group lacked statistical significance. Monofactorial vari-

Table 5. Values and statistical significance of vertical parameters SN/SpP, SN/MP, SpP/MP

Significance® Significance® Significance® Significance®
Pe—— T1 T2 A(T2-T1) (difference (difference Significance™ | Significance (difference (difference
x*SD x*SD x+SD between between between between
groups atT1) groups atT2) groups atT1) groups at T2)
SN/SpP (°)
Mblockn=30 | 825+4.39 | 9.10+4.92 | 0.85+1.32 b0,001* 0.001*
Frankeln=20 | 890+2.12 | 930+2.13 | 0.40+1.90 0.567 0.704 Cd.61 6 0.359
Bionatorn=20| 9.30+3.03 | 10.00+2.96 | 0.70 + 1.59 0.064
SN/MP (°)
Mblockn=30 | 31.60+5.56 | 32.50+6.10 | 0.90 +2.20 b0,033* 0.033* 0.437 M vs. F 1.00 Mvs.F
Frankeln=20 | 33.85+4.97 | 33.08 £5.31 | -0.77 £2.29 0.021* 0.004* ‘0:005* 0.261 0.018*Mvs.B | 0.005* Mvs.B
Bionatorn=20| 35.95+5.19 | 37.85+5.16 | 1.90 £ 2.53 0.003* 0.642F vs.B 0.027*F vs. B
SpP/MP(°)
Mblockn=30 | 26.58+5.12 | 27.17+4.79 | 0.59+1.96 b0,505 0.115 0.10Mvs. F
Frankeln=20 | 25.10£5.61 | 23.90 £5.07 | -1.20 £ 3.03 0.608 0.039* 50'61 7% 0.930 1.00 Myvs. B
Bionatorn=20 | 26.55+6.10 | 27.85+5.91 | 1.30£3.51 0.114 0.058 F vs.B

*statistically significant difference; 2monofactorial variance analysis; "two-factor analysis of the variance, factor time; two-factor analysis of the variance, factor time
* group; “t-test for paired samples; “Bonferroni test

Table 6. Values and statistical significance of the type of facial growth parameters

Significance? Significance?
Parameter " :SD " -irzSD A)((Tjgg” (differgence between (differgence between | Significance®« | Significance?
groups atT1) groups at T2)
3 Bjork (°)
M block n =30 393.50+£4.68 | 395.80 +£3.39 | 2.30 £ 3.51 b0,000% 0.001*
Frankel n =20 393.55+5.34 39570+ 4.17 | 2.15+2.66 0.733 0.901 (0"31 3 0.002*
Bionator n =20 394.60 £5.67 | 395.35+2.72 | 0.75£4.66 0.481
S-Go/N-Me x 100 (%)
M block n =30 65.05+3.78 | 65.14+£3.50 | 0.09+1.34 b0.A41 0.711
Frankel n =20 65.31+3.17 | 65.05+3.07 | -0.26 £1.70 0.590 0.384 50:656 0.505
Bionator n =20 64.15+4.28 | 63.83+3.77 |-032+£2.23 0.524

*statistically significant difference; 2monofactorial variance analysis; "two-factor analysis of the variance, factor time; ‘two-factor analysis of the variance, factor time
* group; “t-test for paired samples

Table 7. Values and statistical significance of the incisor position parameters

Significance® Significance® Significance® Significance®

P T T2 A(T2-T1) (difference (difference Significance® | Significance (difference (difference
x+SD x+SD x+SD between between between between
groups T1) groups T2) groups T1) groups T2)

1/SpP (°)
Mblockn=30 | 66.83 +4.13 | 71.33+3.71 | 450 +2.27 40.000* 0.000* 0.008* M vs. F
Frankeln=20 |70.10+2.98 | 70.90 +3.07 | 0.80+ 1.23 0.006* 0.904 ‘0:000* 0.009* 0.059 M vs. B
Bionatorn=20 | 69.35+3.43 | 71.15+3.01 | 1.80+1.23 0.000* 1.000 F vs. B
i/MP (°)
M blockn=30 | 87.15+4.34 | 85.76 £3.77 | -1.38 £ 1.91 40,000 0.000* 0.041*Mvs.F | 0.016*Mvs.F
Frankeln=20 |89.75+2.81 | 88.30+2.53 | -1.45+1.27 0.029* 0.001* (0:01 3 0.000* 0.166 M vs. B 0.001* M vs. B
Bionatorn=20 | 89.15+2.79 | 89.00 +2.17 | -0.15+1.23 0.591 1.000 F vs. B 1.000 F vs. B

*statistically significant difference; 2monofactorial variance analysis; "two-factor analysis of the variance, factor time; two-factor analysis of the variance, factor time
* group; ‘“t-test for paired samples; *Bonferroni test
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ance analysis showed statistically significant differences
between groups before treatment, while in post-treatment
records significance appeared when comparing the M
block appliance with the Frinkel functional regulator,
and the M block appliance with the bionator. Two-factor
analysis of the variance with repeated measuring recog-
nized statistically significant changes in the i/MP values
after treatment, as well as significant differences between
groups over time (Table 7).

DISCUSSION

Growth modification treatment improves jaw relations,
resulting in a positive effect on dental structures’ relations.
Changes that happen during the functional appliance
treatment are a result of the synergy between the appli-
ance effects and growth that would happen regardless of
treatment. The aim of this study was to determine and
compare sagittal and vertical changes that occurred during
the M block appliance, Friankel functional regulator type I,
and Balters” bionator type I treatment. Patients diagnosed
with skeletal distal bite caused by mandibular prognathism
and in the prepubertal growth spurt period treated at the
Department of Orthodontics, Faculty of Dental Medicine,
University of Belgrade, were involved in this research. The
patients were divided into three groups according to the
type of appliance used: Group I treated with the M block
appliance, Group II treated with the Frankel functional
regulator, and Group III treated with the Balters’ bionator.
This was done in order to compare the effects of different
types of functional appliances used in Class II treatment.

Our results indicate an insignificant decrease in the
SNA angle after M block and Frinkel functional regulator
treatment, and a significant increase after bionator treat-
ment. SNB and SNPg angles increased significantly in all
three groups. All this resulted in the ANB angle decrease.
Mandibular advancement with or without SNA angle
decrease is a quintessential part of functional appliance
treatment. As stated previously, the M block appliance
construction and treatment principles are similar to those
of the Sander’s appliance. Sander [7] and Sander et al. [11]
reported mesial mandibular movement and maxillary
growth inhibition (similar to the high-pull headgear ef-
fect) as results of his bite-jumping appliance treatment and
stressed that this kind of maxillary response could only be
achieved with one other appliance - the Herbst appliance.
A decrease in the SNA angle after bionator treatment was
noted by Moreira Melo et al. [12], while Almeida et al. [13]
found no differences between the bionator treated group
and the control group. Almeida et al. [13] also found sig-
nificant increase in the SNB angle after bionator treatment.
Comparing patients treated with the Sander appliance and
untreated Class II controls, Sander and Wichelhaus [6]
established significant increase of the SNB angle in treated
patients. Comparing the bite-jumping appliance, Frankel
functional regulator, and bionator treated patients, Sander
and Lassak [14] found significantly greater skeletal effects
after bite-jumping appliance treatment, which led to me-

‘ DOI: https://doi.org/10.2298/SARH170428146R
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sial mandibular movement, maxillary growth inhibition,
and ANB angle decrease.

The fundamental question, “Do functional orthodontic
appliances stimulate additional mandibular growth?” still
remains unanswered. Results obtained in this study indi-
cate an increase in the length of maxillary and mandibular
bodies in all three groups, regardless of the type of appli-
ance used. Total mandibular length increased significantly
after M block and Frankel functional regulator treatment,
while the bionator group lacked significance.

In their meta-analysis from 2006, Cozza et al. [15] ana-
lyzed papers dealing with mandibular changes after func-
tional Class II treatment. In more than half of the papers
analyzed, researchers had found clinically significant man-
dibular growth as a result of functional appliance treat-
ment, and this growth was significantly greater if patients
were treated at an appropriate age, i.e. during the pubertal
growth spurt. However, none of the randomized clinical
studies established clinically significant growth as a result of
functional appliance treatment. This is in line with the find-
ing of dos Santos-Pinto et al. [16], who compared bionator
treated patients with untreated controls and found signifi-
cant growth in both groups, regardless of whether they were
treated or not. On the other hand, Moreira Melo et al. [12]
found an increase in total mandibular growth after biona-
tor treatment, which was confirmed by Almeida et al. [13],
who reported significant increase in the length of mandibu-
lar corpus and total mandibular length. Class II functional
treatment using the bionator was also examined by Malta
etal. [17], who found favorable skeletal and dental changes
at the end of treatment, specifically significant increase in
mandibular corpus length. Martina et al. [18] reported sig-
nificant improvement in sagittal inter-maxillary relations
after bite-jumping appliance treatment, primarily due to the
actual increase in mandibular corpus length and minimal
macxillary growth restriction. Freeman et al. [19] examined
the effects of the Frinkel functional regulator and found the
greatest long-term effects had been achieved at the level of
sagittal maxillo-mandibular relations, with minimal maxil-
lary growth inhibition. In their meta-analysis, Perillo et al.
[20] analyzed studies that examined the effects of the Fran-
kel functional regulator. Even though the research included
was very heterogeneous, all authors stressed the positive
effect of the Frinkel functional regulator on mandibular
growth, especially total mandibular length, clinical effect re-
ported being minimal to moderate. Another meta-analysis
by Marsico et al. [21] analyzed the therapeutic effects of
the Frankel functional regulator, bionator and several other
functional appliances. All authors of included studies re-
ported statistical significance of skeletal changes, but stated
lack of their clinical significance. Even though this supports
the claims that two-phase treatment has no advantages over
one-phase treatment, Marsico et al. [21] stress the benefits
of using functional appliances in the first phase of Class II
treatment. Some of the advantages they mention are preven-
tion of maxillary incisor trauma due to increased overjet,
interception of dysfunction, psycho-social benefits for the
growing child, stable dentoalveolar correction, and shorter
treatment time with fixed orthodontic appliances.
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Looking at vertical parameters, the results of our study
indicate an increase after M block and bionator treatment,
while Frankel functional regulator resulted in insignificant
clockwise rotation of the maxilla and counter-clockwise
rotation of the mandible. This led to a decrease in the
maxillo-mandibular vertical angle after Frankel functional
regulator, and its increase after M block and bionator treat-
ment. The Bjork-Jarabak analyses revealed neutral growth
in all groups at the end of treatment.

Malta et al. [17] also found an increase in vertical di-
mensions after bionator treatment, while Martina et al.
[18], who examined the effects of the Sander bite-jumping
appliance, and Freeman et al. [19], who analyzed the Fréan-
kel functional regulator effects, concluded the unwanted
clockwise rotation of the maxilla and mandible was both
clinically and statistically insignificant. The important
thing to consider here is the type of facial growth and
vertical parameter values before treatment. Most patients
from our sample were horizontal growers according to
the Bjork-Jarabak analyses, so the increase of the Bjork
polygon sum of angles led to neutral growth at the end
of treatment.

Finally, incisor position parameters in this study’s
sample indicate upper incisor retrusion and lower inci-
sor protrusion in all three groups at the end of treatment.
Even though it was statistically significant, upper incisor
retrusion was clinically insignificant in groups treated with
the Frinkel functional regulator and bionator, while it was
clinically significant in the M block-treated group. Lower
incisor protrusion was clinically insignificant in all three
groups at the end of treatment.

In Class II, Division 1 patients, overjet is typically in-
creased due to upper incisor protrusion [2]. Upper incisor

REFERENCES

1. McNamara JA, Jr, Peterson JE, Jr., Alexander RG. Three-dimensional
diagnosis and management of Class Il malocclusion in the mixed
dentition. Semin Orthod. 1996; 2(2):114-37.

2. McNamara JA. Components of Class Il Malocclusion in Children
8-10 Years of Age. Angle Orthod. 1981; 51(3):177-202.

3. Proffit WR, Fields Jr HW, Sarver DM. Contemporary orthodontics. St
Louis: Mosby Elsevier; 2006.

4. Pancherz H, Ruf S. The Herbst appliance: research-based updated
clinical possibilities. World J Orthod. 2000; 1(1).

5. Bishara SE. Textbook of orthodontics: St Louis: Elsevier; 2001.

6. Sander F, Wichelhaus A. Skeletal and dental changes during the use
of the bite-jumping plate. A cephalometric comparison with an
untreated Class-Il group. Fortschr Kieferorthop. 1995; 56(3):127-39.

7. Sander F. Functional Processes when wearing a Sl Appliance
during the day. Journal of orofacial orthopedics = Fortschritte der
Kieferorthopadie : Organ/official journal Deutsche Gesellschaft fur
Kieferorthopadie. 2001; 62(4):264-74.

8. Demirjian A, Goldstein H, Tanner JM. A new system of dental age
assessment. Hum Biol. 1973; 45(2):211-27.

9. BaccettiT, Franchi L, McNamara JA, Jr. An improved version of the
cervical vertebral maturation (CVM) method for the assessment of
mandibular growth. Angle Orthod. 2002; 72(4):316-23.

10. Graber TM, Rakosi T, Petrovic AG. Dentofacial Orthopedics with
Functional Appliances. St Louis: Mosby; 1997.

11. Sander F, Synodinos FN, Iglezos E, Sander M, Iglezou E, Sander
C.The functional orthodontic-orthopedic VDP appliance
(Vorschubdoppelplatte, Bite jumping appliance, Sander II).
Literature review and typical clinical case presentation. Hellenic
Orthodontic Review. 2007; 10(1).

Srp Arh Celok Lek. 2018 Mar-Apr;146(3-4):149-156

uprighting is commonly achieved during Andresen acti-
vator, Balters’ bionator, Herbst and Frankel functional ap-
pliance treatment [4, 12, 13, 15, 22, 23, 24]. Lower incisor
protrusion is always present at the end of Andresen acti-
vator, Balters’ bionator, and Frankel functional appliance
treatment [12, 13, 24, 25]. Freeman et al. [19] found a sig-
nificant upper incisor retrusion and a less pronounced lower
incisor protrusion at the end of Frankel functional regulator
treatment, while Martina et al. [18] concluded lower incisor
protrusion was both clinically and statistically insignificant
at the end of Sander’s bite-jumping appliance treatment.

CONCLUSION

The results of our study indicate efficiency in skeletal
Class IT malocclusion treatment of all three types of func-
tional appliances (M block appliance, Frankel functional
regulator type I, and Balters’ bionator type I) investigated.
Owing to significant mesial positioning and mandibular
sagittal growth, sagittal maxillo-mandibular angle values
decreased. Upper incisor retrusion and lower incisor pro-
trusion additionally decreased the overjet. All three types
of appliances produced neutral facial growth in patients
at the end of treatment. Our results indicate all three types
of functional appliances are suitable for skeletal Class II
malocclusion treatment of growing patients in everyday
clinical practice.
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Tepanujcku edpeKTu Tpu BpcTe PYHKLMOHANHUX anapaTa y ieyerby Manokaysuja ll
CKeNeTHe Knace — carutasiHe U BepTUKa/lHe NPOMeHe

Bnagumup Puctuh, Hepa Jb. CredaHosuh, 3opaHa Ctamenkosuh, Mapuja Knskosuh-Canguh, Barba Crojuh, BpaHucnas

Muwuh

YHuBep3uteT y beorpagy, CromatonoLuku ¢pakyntet, KnuHuka 3a optoneaujy Bunuua, beorpag, Cpbuja

CAMETAK

Yeoa/Lnm papa Manoknysuje Il knace cy carntanHe Henpasui-
HOCTY 3arpukaja Koje KapakTepuLue AUCTanHN OfHOC 6OUHUX
3y6a. Y 3aBMCHOCTYV Of TOra Koje CTPYKTYpe Cy y HENpaBuIHOM

OfHOCY, flefle ce Ha CKeneTHe 1 AeHToanseonapHe. Tepanuja Il
KJlace 3aBVCU Of Y3POKa, M3paXkeHOCTH 1 y3pacTa. Hajoorbu

B[ Tepanuje YKOINKO NaLnjeHTn 1 Aarbe pacTy je mogudu-

Kalumja pacTa.
Linm oBe cTyauje 610 je fa ce yTBPAE 1 YNOPEAe carutaHe u
BEPTUKaJHe MPOMEHe Ha CKeNETHVM U IeHTaJHIM CTPYKTypama

y TOKy nieuetba M 6510K-anapatom, OpeHKI0BMM perynatopom

dyHKumje TN | n GrioHaTopom no bantepcy Tvn .

MeToge CepampeceT ncnuTaHuKa ca AnjarHO30M CKeNleTHOr
auctanHor 3arpuxaja (ANB > 4°) n MaHAMOynapHor peTporHa-

T3ma (SNB < 80°), npema BPCTU anapaTta, MOAEbEHN CY Y TPU

DOI: https://doi.org/10.2298/SARH170428146R

rpyne. CBu Cy NPOLUAN KPO3 CTaHAAPAHY ANjarHOCTMKY (aHam-
He3a, KNMHWYKa 1 GYHKLMOHAHa aHanun3a, aHanmsa CTyaujckux
MOgAena, OpTonaHTOMOrpadCKor 1 MPOPUIHOT TenepeHAreH-
CKOT CHIMKa). Tepanujckm edbeKkT 1 NPOMeHe aHan3npaHm
Cy Ha CTYAMjCKMM MoAennmMa 1 npodunHoM CHUMLMMA Mo 3a-
BPLUETKY Tepanuje.

PesynrtaTtm CBa Tpu anaparta AoBesa Cy A0 3HayajHOr Me-
3MjaiHOT yCMepaBakba 1 carmTasiHor pacTa MaHambyne, Wwro
je cmarbuno ANB yrao. Y ce Tpu rpyne je yTBpheH HeyTpanHu
pacT, Kao 1 peTpy3uja FopHUX 1 MPOTPY3Kja AoHKX cekyTrha.
3akrpyuak Pe3ynTatu cTygmje ykasyjy Ha epukacHOCT cBa Tpu
UCNMTUBaHa anapara y fieyerby CKeNeTHUX Manokmysuja Il knace.

KmyuHe peun: manoknysuje Il knace; dyHKLUMOHanHa Tepanuja;
M 6nok; OpeHKNoB anapat; 6rioHaTop
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