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Long-Term Dentoskeletal Changes with the Bionator, Herbst,
Twin Block, and MARA Functional Appliances

Nicole J. Siara-Olds®; Valmy Pangrazio-Kulbersh®; Jeff Berger; Burcu Bayirli¢

ABSTRACT

Obijective: To determine if the long-term dentoskeletal changes in patients treated with tooth-borne
functional appliances were comparable to each other and to matched controls.

Materials and Methods: The experimental sample consisted of 80 consecutively treated patients
who were equally divided into Bionator, Herbst, Twin Block, and mandibular anterior repositioning
appliance (MARA) groups. The control group comprised 21 children with untreated skeletal Class Il
malocclusions. Lateral cephalograms were taken for the treated group at T, (initial records), To
(completion of functional therapy), and T3 (completion of fixed appliance therapy). A repeated
measure analysis of variance (ANOVA) was used to assess the differences between and within
groups. If ANOVA results were significant, Tukey-Kramer tests were used to determine where the
significant differences occurred.

Results: (1) Temporary restriction of maxillary growth was found in the MARA group (T>—T4). (2)
SNB increased more with the Twin Block and Herbst groups when compared with the Bionator and
MARA groups. (3) The occlusal plane significantly changed in the Herbst and Twin Block groups.
(4) The Twin Block group expressed better control of the vertical dimension. (5) The overbite,
overjet, and Wits appraisal decreased significantly with all of the appliances. (6) The Twin Block
group had significant flaring of the lower incisors at the end of treatment. (7) Over the long-term,
there were no significant soft tissue changes among treated and untreated subjects.
Conclusions: No significant dentoskeletal differences were observed long-term, among the

various treatment groups and matched controls. (Angle Orthod 2010;80:18-29.)
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INTRODUCTION

The most common skeletal problem in orthodontics
is the Class Il malocclusion characterized by mandib-
ular retrognathia.’® In addition, most subjects with this
type of malocclusion exhibit narrow maxillary arches.*®
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The effects and stability of early Class Il treatment
with functional appliances has been surrounded by
much controversy and uncertainty. It has been shown
in histologic studies with laboratory animals that when
the mandible is brought forward there is an increase in
cellular activity at the condylar head as well as an
increase in mandibular length.”~'® Numerous studies
have shown condylar and glenoid fossa remodeling
following the use of various types of functional
appliances.""® Questions that still remain are: (1)
Are these findings substantiated with clinical research
in humans; (2) Is the growth of the mandible different
with functional treatment than that of similar controls;
and (3) Is this treatment stable over the long-term?

There are multiple factors that influence the stability
of early Class Il treatment including mandibular
rotational growth patterns,®®® airway obstructions,***'
proper manipulation of appliances, treatment tim-
ing,"'? and retention.’>' There are few investigators
who have studied the long-term stability with functional
appliances, and most have reported favorable findings
with prolonged retention.'"-'4-16
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LONG-TERM DENTO-SKELETAL CHANGES

The present study was designed to assess the
treatment outcome of tooth-borne functional applianc-
es (Bionator, acrylic splint Herbst, Twin Block, and
mandibular anterior repositioning appliance [MARA])
and their stability over time and after fixed appliance
therapy, when compared to each other and to
untreated controls with similar Class Il malocclusions.

MATERIALS AND METHODS
Sample Selection

The treatment sample consisted of 80 patients, with
similar Class Il skeletal characteristics. The patients
were divided equally among Bionator, removable
acrylic Herbst, Twin Block, and MARA functional
appliance groups. They were treated by two orthodon-
tists who followed the same functional treatment
philosophies and selected the appliances for each
group based on anticipated patient cooperation and
stability of the existing mixed dentition. The distribution
of sexes was closely matched in all treatment groups.
The initial mean age for the Bionator group was 10
years 7 months (range, 8 years 7 months to 13 years 9
months), for the acrylic Herbst group, 12 years 2
months (range, 10 years 6 months to 14 years 1
month), for the Twin Block group 10 years 11 months
(range, 8 years 2 months to 13 years 9 months), and
for the MARA group 11 years 1 month (range, 9 years
0 months to 14 years 4 months). Although there
appears to be a discrepancy between the chronologic
ages between the samples, they were all matched
carefully for growth stages by cervical vertebral
maturation (CVM) evaluation.*?4

Lateral cephalograms were taken for the treated
groups at T4 (initial records), T, (completion of
functional therapy), and Tz (completion of fixed
appliance therapy). The inclusion criteria for the
treated sample were: (1) Class Il division 1 malocclu-
sions characterized by a retrognathic mandible (SNA
= 80°, SNB < 76°, and SN-GoGn = 35°), (2) CVM
between stage 2 and 3 at initial records, (3) landmarks
were identifiable on all of the radiographs, and (4)
treatment of functional appliance therapy was not
combined with a headgear. All patients wore the
functional appliances until full eruption of the perma-
nent dentition, at which time the second phase of fixed
appliance treatment commenced.

The mean treatment time from the start of functional
appliance therapy to the completion of comprehensive
orthodontics was 49.0 months for the Bionator, 41.6
months for the Herbst, 41.6 months for the Twin Block,
and 43.7 months for the MARA. In addition, Bionator
and Twin Block appliances were fabricated according
to the patient’s vertical dimension. The overall mean
treatment time with functional appliances was 18.7
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months (range, 9 months to 30 months) and the overall
mean treatment time of fixed appliance therapy was
25.4 months (range, 14 months to 38 months). At the
completion of orthodontic treatment, the mean age
was 15 years 3 months (range, 13 years 0 months to
17 years 9 months).

The untreated control group comprised 21 children
from the Michigan and Denver Growth Study samples.
The selection criteria were similar to the treatment
groups. Control group lateral cephalograms were also
matched to the treated groups at T4, T, and T3 by
CVM,*2% and comparisons of treatment outcomes
were made.

In this retrospective long-term investigation, the
treatment groups were chosen strictly based upon
the appliance used for the correction of the Class Il
malocclusion and not upon their treatment responses.
The untreated Class Il control sample was selected on
the time interval between cephalograms and progres-
sion of growth.*?® Since these criteria were not always
matched to the treatment time of the groups, an
analysis of the annualized increments of change was
performed and reported.

Cephalometric Analysis

Lateral cephalograms were manually traced and
digitized by one investigator (Dolphin Imaging Version
9.0, Chatsworth, Calif). The data were generated and
the magnification was corrected for the control and
treatment groups. To determine the accuracy of the
measurements, intraclass correlations were calculated
for the various cephalometric measurements and
ranged from 85% to 97% (Figures 1 and 2).

Statistical Analysis

Repeated measures analysis of variance (ANOVA)
assessed if the groups were comparable at the outset
and if there were significant differences between and
within groups for the various increments of change.
When ANOVA results were significant, Tukey-Kramer
tests were used to determine the individual differenc-
es. An analysis of the annualized increments of
change among the time intervals was performed,
since there were differences within the time spans
between the groups. Bonferroni correction was
calculated and a statistical significance was set at P
= .002.

RESULTS
Comparison of Starting Forms

No statistically significant differences were found in
the craniofacial configuration at T4 between the
treatment and control groups in most of the measure-
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Figure 1. Linear and soft tissue measurements: grey indicates the
cephalometric outline and black the lines and letters.

ments studied. Of the 25 measurements, 5 showed
statistically significant differences, Table 1a,b.

Comparison of Treatment Effects

Comparison of the different treatment groups with
the controls depicted no statistically significant differ-
ence in most of the measurements associated with
growth at all time points studied. It is interesting to note
that when significant differences were observed, they

Figure 2. Angular measurements: grey indicates the cephalometric
outline and black the lines and letters.
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Table 1a. Comparison of Initial Angular Measurements?®

Measurement T,B) T;(H) T,(TB) Ty (M) T4 (C)
Angular, degrees
Ar-Go-Me X X X X X
SN-Ar 122.83 X X X 127.37*
X 125.92 X 122.11* X
X X X 122.11  127.37**
IMPA X X X X X
U1-FH X X X X X
SNA X X 80.34 X 83.08*
X X 80.34  83.36* X
SNB X X 75.16  77.66* X
ANB X X X X X
OccPlane-SN X X X X X
SN-NPog X X 75.91 78.47 X
SN-GoGn 32.11 X 36.23* X X
X 32.17 36.23* X X
X X 36.23  30.56** X

2 B indicates Bionator group; H, Herbst group; TB, Twin Block
group; M, MARA group; and C, control group. X indicates no

difference.

*P = .05, " P=.002.

were all confined to the To—T4 treatment span. Most of
these differences dissipated long term (Tables 2

through 4).

The overbite, overjet, and the Wits values were the
only measurements that demonstrated significant
differences at the end of the observation period, (Ts—

Ty).

When comparing the treatment groups among
themselves, the Herbst appliance, followed by the
MARA, demonstrated a significant effect on restricted
maxillary growth and produced a steeper occlusal
plane. The Twin Block was most effective in controlling

Table 1b. Comparison of Initial Linear Measurements®

Measurement Ty, B) T{MH) T{(MB) T{(M) T4(C)
Linear, mm
Co-Go 46.50 50.35* X X X
46.50 X X 50.23* X
Co-A X 82.70 78.00* X X
X X 78.00 81.87* X
Co-B 97.05 102.47* X X X
X 102.47 97.61* X X
Co-Gn 101.54 107.86* X X X
X 107.86 102.60* X X
Go-Me 59.04 63.54* X X X
X 63.54 59.17* X X
Overbite 3.67 X X X 2.36*
X X X 3.51 2.36"
Overjet X X X X X
Wits X 2.61 X X 3.96*
X X X 2.10 3.96*

2 B indicates Bionator group; H, Herbst group; TB, Twin Block
group; M, MARA group; and C, control group. X indicates no

difference.

*P = .05 * P= .002.
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the mandibular plane angle and had the greatest long-
term effect on the labial version of the mandibular
incisors (Tables 5a,b and 6).

DISCUSSION

The Bionator group showed significant opening of
the gonial angle (Ar-Go-Me) after functional treatment.
This 2.0° per year increase in the gonial angle was
greater than any of the untreated and treated samples
and is most likely attributed to the growth direction of
the condyle' and remodeling of the posterior border of
the ramus. The significant reduction in the overbite in
the Bionator group is to be anticipated, as the mandible
migrates forward along the lingual inclines of the
maxillary incisors. The greatest amount of lingual
crown tipping of the maxillary incisors was shown in
this treatment group and could be attributed to
pressure from the labial bow. This finding has been
reported by other investigators.'®'

The Herbst group had a significant decrease of the
Wits over time, possibly due to maxillary growth
restriction and change in the occlusal plane. Pancherz
et al?' and Berger et al*® reported similar findings with
forward and downward movement of pogonion (0.8°
per year) and opening of the mandibular plane angle.
The decrease in overbite and overjet was consistently
significant at the end of treatment and parallels the
findings of the previous studies.?'?? Although the
Herbst appliance is a tooth-borne appliance, there
were no adverse effects on the dentition. This can be
directly associated with the full acrylic coverage splint
design of the appliance used in this study.

The Twin Block, Herbst, and MARA patients showed
an increase in mandibular length of 1.5 mm per year,
1.2 mm per year, and 0.94 mm per year, respectively.
Similar trends were noted by Baccetti et al,’*> Wies-
lander et al,'® and Berger et al?? for these appliances. It
has been suggested that the most effective timing for
treatment with the Bionator,"" Twin Block,' and
Herbst*® appliances is during or slightly after the onset
of the pubertal peak in growth velocity. The mean age
of the patients in this study at the start of functional
appliance treatment was 10 years 7 months for the
Bionator group and 10 years 11 months for the Twin
Block group. The Herbst and MARA groups began 1-2
years thereafter. This difference in chronologic age
could not be explain the larger increments of growth
experienced with the Twin Block, Herbst and MARA,
since all of the patients were matched by their growth
maturation status. The greatest change in mandibular
length occurred during functional appliance treatment
when compared with the controls. After this initial
growth surge, only the MARA patients sustained a
longer mandibular growth length of 1.0 mm per year

23

when compared with the controls. This finding is in
agreement with that reported by Livieratos and
Johnston®® who suggested that functional appliances
place a mortgage on mandibular growth. Control
clinical trials®® also found no significant alteration of
mandibular length long term with the utilization of
functional appliances.

The maxillary length measurement was significantly
larger when comparing the Herbst and MARA groups
to the Twin Block sample at T4. Therefore, it can be
appreciated as to how much restriction of maxillary
growth occurred during treatment with the Herbst
appliance when compared with the Twin Block, MARA,
and control groups. Temporary restriction in maxillary
growth by the Herbst appliance is well documented in
multiple investigations.'®?22"-2° and may be due to the
posterior direction of the force generated by the
pistons on the maxilla. In addition, the posterior
direction of force caused the maxilla to rotate in a
clockwise manner, as demonstrated in this study and
by von Bremen and Pancherz.® The Herbst group also
demonstrated the most upper lip retrusion compared
with any group after appliance wear, as previously
reported by Pancherz and Anehus-Pancherz.*

The Twin Block group demonstrated stability of the
skeletal changes as exhibited through the decrease in
the Wits appraisal and the displacement of pogonion in
a more anterior position. After appliance therapy, the
ANB angle decreased (—0.6° per year), while the SNB
angle increased (0.9° per year) when compared with
the controls. These findings are consistent with
multiple studies, which noted the favorable changes
in ANB.®"22 Patel et al*® noted forward movement of B-
point and pogonion while Baccetti et al'® found
pogonion to move forward 2.5 mm per year with Twin
Block therapy. The Twin Block group exhibited the
best vertical control when compared with all treatment
groups, especially taking into account that the mean
SN-GoGn angle was initially greater in this group at the
outset. The Twin Block also showed clockwise rotation
of the occlusal plane after phase Il therapy and the
most flaring of the mandibular incisors at the end of
treatment. These findings could be explained by the
bite block effect of the appliance on the buccal
segments and pressure of the lingual acrylic on the
lower incisors. Possibly, this side effect could have
been prevented using a labial bow to support the lower
anteriors as designed by McNamara and Brudon.*
Mills and McCulloch' reported similar findings. The
Twin Block appliance also decreased the overbite and
overjet significantly over the long term when compared
with the controls, showing the stability of the treatment
effect.

The MARA group illustrated a combination of
skeletal and dentoalveolar changes that were stable

Angle Orthodontist, Vol 80, No 1, 2010



SIARA-OLDS, PANGRAZIO-KULBERSH, BERGER, BAYIRLI

24

"e}{op JO S0UBIAYIP ‘V JO JIQ PuUE

200 =d ‘GO =d «

‘dnoib jouoo ‘9 ‘dnoib Juswiesl) seredipul | .

9L Wi— €0'L— 98'0— F0° ok2—  ¥S'1— 120— v €8°0—-  ¥20-— S5°0— VHYIN
8¢ 68°0—  S90-— 200 90’ 16'L—  BEL— 90'0— 05’ 890 050 610 yooig ump
99’ 70 2e0 660 6¢ /80—  $90-— 690 L0° S8l Se'L ¥0'L 1SQUeH
89" 70 0€0 890 860 «¥0° 90'¢c— 1S = €€t 81'0— x600° SL'e 0ge l€'0— 66} Jojeuolg soalbap ‘e|bue [eloe4
v6° 80'0—  SGL'0-— 260 s 9Ll €22 av'e 98’ 8L'0—  ¥€0-— SLL— VYN
[Key 99'0—  /Z}— 120— e 8,0—  0S'l— 82— €g’ ¥9°0 A 10 yooig ump
0% 89'0— 02— €20— 69" 60— 90— €5°0— e VA ev'e 29t 1squeH
o 0Z'l—  0g2— L0} oA 16° L0 120 €20 £v'0 6¢ 98'0—  99'L—  I180— lve— Jojeuolg sealbep ‘vIN
16" 2o ¥0°0 10 6¢ 980 €€°0 LE0 Le 20—  6£0-— yA4) VYN
9l or'l—  €50-— 90— 8z 60'L— L0— 80— «£0° Slg— 18°0— ¥0°0 3o0|g um |
z oL'l—  2vo-— S0°0— og €0'l—  6£0— Ge'0— 8g" 95°0— 120— ¥9°0 1squeH
S 20— 20— /€0 S20 16° €00 100 ¥0°0 500 62 S0'L—  O¥'0— 980 90 Jojeuolg ww ‘1IN
98 810 90°0 €00 8c 60'L—  98°0— ¥20— Relo) 96°L 590 60 VYN
16° ¥0°0 100 10°0— €8’ 120—  L00— 900 ot ¥8°0 820 200 yooig umy
€9’ 6v'0—  910-— 60— 8L Ge'l—  SY0— 2e0— S8 610 900 020— 1SqueH
€8’ 2z0— 00— €00- 0LO-— e GZ'Ll—  2r0— €10 62°0— (/4 62l er'0 920— 910 Jojeuolg ww ‘d11
¥g 290—  8L0— 620— ot ¥2°0— 120— 1€°0— S9° 90—  €10— 120— VYN
2g ¥9'0—  6L°0— 0€0— 68" ¥1°0 Y00 90'0— AN 81— 00— €5°0—  oo|g umy
[ SZ'l—  980-— 8y 0— St 9,0—  220- 20— 400 62—  ¥80— 86'0— 1SQUeH
2g ¥9'0—  6L'0— LL'O— 0€0— 9e 260— /20— 0L0— /E0-— 65" ¥S0— 90— vL0—  620— Jojeuolg ww ‘q1n
8z 801 950 950 €L GE0 810 00— Relo) 202 SOt 9e'L VYN
z 95°L 18°0 080 60" 69°L 880 990 el ¥SL 080 LEE yooig umy
8L 820 ¥1°0 ¥10 28 €20 2o 60°0— 8g" 950 620 090 1SQUeH
id 18°0 2ro 00— Y0 iy 060 0 20— S20 S ad" ¥2°0 10 S0 lojeuolg ww “I77
anssi Jog
eneAd eneAl viopa (D) (1) eneaAd eneal viiopma o (0) (1) enead oeneal viopa (D) () Juswiesl | Juswiainsea|y
|onuod AR v [o13u0D °1-f1v °1-f1v |onuod A B v
—juswieal | —juswieal | —juswieal |

Jpazienuuy sdnoJg juswiesl] pue [0Juo) Buowy ssousieyi 8Nnssi] 3OS ‘b o|qel

Angle Orthodontist, Vol 80, No 1, 2010



25

200" =d ‘GO0 =d «
"B}|op JO 80UBJOYIP ‘V JO HIQ pue ‘dnolb juswieal) ‘1 ‘dnoif Juswiesl) Joylo saledlpul 10 «

Angle Orthodontist, Vol 80, No 1, 2010

10 28’ Sse’L 660 9€0— 44 (4" 060 690 L20— «€0° o] v 6G°L Y0'L GG'0— VdVIN a|bue [eloe4
19’ [Ke0] 00'L €20— €2— 29 0S0— /60— €90— ¢€v0 «¥0° LLe 601 29t Lv'g— Joreuolg VIN
€6 800 €00 0L'0— €L0— 81’ LL0— 82°0— er’0— GL0— «L0° 61°C 86°0 6.0 61L°0—  Xo0|g umL UnoH-NS
<0 yANd 080 ev'o 1€°0— L0 181 950 120 GE'0—  «c00 eL'e 160 650 8€°0— VdVIN BodN-NS
88" S0 200 0co 99° vy 0— Lg0— V10— «20° 6E£°C 9Lt S9°0 VdVIN
8. .20 €10 710 9L’ cr'l—  690— €e0 «+£000° 0L€ 6L} 200 300|g uim |
28’ €20 LL'0O—  Ze0 8€°0 i} 09°0— 620— 9€'0— L00— «L0° VAN el 181 150 Joreuolg NS-8ue|d220
<10 v.'2 /80 L0 9v'0— V0 602 /90 810 87'0—  ..c00’ oL'e 660 950 ev'0— VdVIN aNS
<70 €0¢ 680 8L'0— 90— 4% 611 S9°0 81L'0— €80— L0 €8’ 6.0 650— 6€L— VdVIN VNS
89" ero—  9¥'0— GL0— 2.0 26’ oL0 LEO /G0 Y0 <0 6LC— €0€e— S6'L— L0t VdVIN H4—IN
€9 80— Se0— 820 «x200° LL'E— 8c'¢c— €8’ «£00° 16'C— vLeg— Iv'e VdVIN
«20° cee— 99°L— 09'L «+000> €2Vv—  P0E— 65°¢C 09 €5°0— 8€0— L0 3o0|g uim
Sl 2€0— €20— 900— /IO <70 20¢e 'L — Sv’0— 00} e 6L°L S8°0 2e0 €50 Joreuold VdINI
4% 9G'L— €60— €L0 SO'L «€0° 6L2— 0€— 910 170 8 020— 2L o— (040] 2so VdVIN IV-NS
60° €L L — l0'k—  6¥0— 250 9 VI — 99°0— €.0— L00— <70 gl e— veL— AN} L Joreuolg SIN-09D-1Y
sdnoib (1 0) Juswieal; 1ayjo sA (1) 1sqieH
10’ 08’ e’ 9€°0— 16 00 €00 120— 2000 vv'e gGe GG0— VdVIN
0c 62’1 S6°0 86°0 200 88" GL0— LL'0— 8L'0— 900— «20° vv'e 1871 66 610 300|g uIm | |bue [eoe4
19’ 1S°0— 00'Lb— €2+t— €20— 29 050 160 er'0 €50 «¥0° LL'e— 60v—  Lv'e— <29t 1squeH VN
9¢ 450 vv°0 L€0 €L'0— S 190 20 600 SL0— «S0° L0¢ 6.0 090 61°0—  Xo0|g umL unon-Ns
80° 9Lt SS0 810 80— gL oL S0 0L0 Se0— «L0° 0S¢ 8.0 6€£°0 8€°0— VHVIN BodN-NS
28’ €20 L0 80 /20 N 090 620 /00— 9€0-— <10 15¢— veL— /S0 181 1squeH NS-8ue|d220
80° 8.1 180 LEO 9v'0— 6} e’ o 90'0— 8¥0-— M 0L¢C 980 er'0 ev'0— VdVIN aNs
(N 2oL 0,0 90— 90— 61 LeL /G0 920— €80-— <0 602 160 80— 6€1L— VdVIN VNS
61 ceLl— wL— 2L0 16 00 S00 Lv0 8000 cre— cLe— L0°L VdVIN
VA 06'0— 860— 2L0— /20 29 60— 50— 1S°0 SO'L «€0° 0gec— 6€C—  V¥9¢— G2'0—  Xoo|g um| H4-kN
18" 910— 2L o— 820 14 SLL— €8°0— €8’ «»+000>  9LVv— 66C— Iv'e VdVIN
+G0° 002— v l— 09'L «£0° 0cc— 89— 69°C 60 cl'— €2’ — 120 300|g uim
Sl 2e0 €20 10 90°0— <70 20¢e oL 00°L Sv'0— ve 6L 1L— S8°0— €50— ¢€0 1squeH VdINI
og’ 0L 19°0 60°0— LL 620 yANG 20— «E0° lee 62+ cl’o YHVIN
60° eL' L0 250 67°0— 92 vk 990 .000— €L0- PO 4% el ML AN} 1squeH SIN-09D-1V
sdnoib (1 Q) wswieal) 18ylo sA (1) Jojeuolg
eneAd oneal viopa o (1) (10) eneaAd enead viopa (1) (10) eneaAd enead viopa (1) (10) 10 Juswiainses|y
101 o e AV B v 10-1 °1-%1v °1-f1v 10-1 AR Ed v

LONG-TERM DENTO-SKELETAL CHANGES

<pazienuuy sdnois uswiesl] usemiag seousiayig Jeinbuy jueoyiubis  “eg ajqel



200" =d ‘GO =d «
"B}|op JO 80UBJOHIP ‘V JO HIQ pue ‘dnolb juswieal) ‘1 ‘dnoif Juswiesl) Joylo saredlpul 10 «

SIARA-OLDS, PANGRAZIO-KULBERSH, BERGER, BAYIRLI

L0028t ge'l 66°0 66°0 A A} 06°0 690 «.£0°  Gle 65t $0°1 1sqieH
00 08'L ee’l 86°0 90— 860 16°  $00 €00 120— 81'0— 20000 ¥¥E Gs'e GS'0— 66°L lojeuoig |bue [eloe4
oL 99'Ll— G90— €L'0— 250 €1'0— Se” 60— L£0— 220 GL'0— L5000 ¥82— LL'Ll— €60 61L°0—  oo|g umy unon-NS
L0 L2 980 050 050 vLo 0S') ¥°0 L0 «1000> Pt 8e’L 00t 3oo|g uim
0" /ST 080 v°0 £v°0 00 181 950 120 «200"  €1°¢ 160 650 1sqieH
80"  9/°L G50 810 /£0— 810 SL° 9plL S¥°0 Ge'0— 010 0" 0SC 8/°0 80— 6£0 lojeuolg BodN-NS
88 GL0 100 120 020 120 99°  ¥¥0— 120— ¥L'0— 9€0- 20" 6ET 9Ll S9°0 18°1 1sqieH NS-8ue|d200
00 €Le /80 L0 170 oL 9L 250 700 0000  Z6°€ 12 €8°0 3oo|g umy.
L0 PLe 180 10 10 0 602 190 810 «200"  0L'¢ 660 950 1sqieH
80" 8.1 /S0 LEO 90— kL0 6L 2l 2ro 87'0— 90°0— 00 0Le 980 er’0— €40 lojeuolg anNs
90" /8L 180 G20— 20— e 92t G50 82°0— L0 9Lz 0zt 61L°0— oo|g umL
£#0 €02 68°0 81°0— 81'0— yLIo 6¥L 590 80— .00 €8') 620 65°0— IsqieH
L 29k 020 9€0— 90'Ll— 920-— 61 el 150 €8°0— 920— 50" 602 160 68’ 1l— 8v0— lojeuolg VNS
89° 2v0— 9¥'0— SGIL0— S10— 26 010 L0 /S0 0" 62— €0¢e-— S6'L— 1sqieH
6L° 2€L— PPL— 2L0- 2.0 2L 0— /67 00 S0°0 Y0 IS0 8000 gbe— aLe— L0k 92— lojeuolg H4-LN
100 €8t el 091 09} 62  SO'L 9.0 65C 20 vre— GLL- 120 3oo|g umy
€9° 8¥0— GE0— 900— 90'0— 2000 LLl'e— 82C-— Sr'0— L8000 /62— Pleg-— 2e0 1sqieH
/8 90— 20— IO 820 10 G SLl— €80— €81 00’k k000> 9L'v— 662— 9ve €5°0— lojeuolg VdIAl
500 96 k—  9LL—  LLO-— LEO— L5000 /82— OLL-— S20— S 9L'kl— 690-— 91'0—  oo|g umy
2Ll 99'L— €60— €10 S0'L €10 «.£0°  6l2— 0gL— Sb'l 910 ¥8°  020— 20— 250 or0 1squeH Iv-NS
0 V0L 19°0 2s0 600— 250 L7 620 .10 ¥20— L00— «£0° 122 621 2o Ml lojeuolg N-0D-1Y
sdnoib (10) uswieal; Jayjo sA (1) YHYIN
0z 621 S6°0 86°0 200 86°0 88"  GL'0— LL'0— 900— 8L0- 200 e 181 61°0 661 lojeuolg a|bue [eoe4
oL 991 590 2s0 250 Se  ¥6°0 10 2e0 .G00°  ¥8¢ LEL €60 VHVYIN
€6 800 €00 0L'0— 0L'0— 8y’ LL'0— 820— e7'0— 0 6ve 860 6270 1squeH
TN ¥¥°0 1€0 €1'0— I€0 $G° 19°0 ¥20 S1'0— 600 Neloy 102 620 61°0— 090 lojeuolg U9oH-NS
«0° /Zl2— 980- /£0— 0S0 1£0— ¥I° 0SL—  ¥0— 110 GE'0— 000> P¥'¥— 8EL— 001 8€°0— VHVYIN BodN-NS
8. 120 €10 120 ¥1°0 120 91"  2¥l— 690- €£0 90— .£000°0 0L°€ 6L°1 200 18°1 1squeH NS-8ue|d4200
L0 €L2— /80— 9¥0— YO 9v'0— ok $9l— 250— +00 87'0— 0000  16'€— /21— €80 €'0— VHVIN aNs
90" /8L— 80— 90'k— GZ0— 90 k- le 92 t— G90— 820— €80- 0 9L2—- 02l— 610— 6£1— VHVYIN VNS
/& 060— 860— 2L0— /20 2L0— 29°  6¥0— ¥S0- GO'L 150 L0 022- 6£2—- GS20— V92— lojeuolg H4-LN
100 €8'l— 2eL— 820 820 62 SO'Ll— 920- €81 20 vre S ar'e VHVYIN
«£20° 22— 99'Ll— 900- 90'0— 000> €2¥%— P$0'€— Sv'0— 09° €50— 8£0-— 2e0 1sqieH
500 002— Eevl— Z10 09’} 10 «.£0°  022— 8Sl— 6S¢ 00’} ¥ 6LL— G80— 120 €5°0— lojeuolg VdINI
50 96 9Ll SO LLEO— SOk 5000 /8¢ 0Lt §20— Gb'L sz 9L’k 690 91'0— 250 VHVYIN 1¥-NS
sdnoib (1 0) Juswieal} 18yio sA (1) 3oolg uimy
eneAd eneAl vioua (10) o (10) enead eneal vioma (1) (1Lo) enead eneal viiopa (1) (10) 10 Juswalinses|y
10-1L S AV B AR R v 10-1L ¢1-f1vV °1-f1V 101 AR v

26

<pazienuuy sdnolo juswieal] usamleg saoualayiq Jeinbuy ueoiubis  "qg ajqel

Angle Orthodontist, Vol 80, No 1, 2010



27

LONG-TERM DENTO-SKELETAL CHANGES

200" =d G0 =d «

"B)j9p J0 @oualayip ‘v o Jig pue ‘dnolb uswieal; ‘] ‘dnolb juswiesl) Jaylo sa1edipul 1O .

€9’ £€9°0— 8L'0— 60— 8¥0— 86’ c0'0— 00— L€°0— ¢2e0— xCc0’ cv'c— LL0— 20— 86°0— 1sqieH ww ‘d1n
99’ 1440 €0 FEL 60 69— e — 990 xx7000° €9'€ a8'c Ole 300|g uim ]
99" 850 Sv'0 le' b 61 ce L — €0’ L— G680 « 00’ 0g’e 920 Ga8’'L 18QieH
g6’ 200 S0'0 1.0 280 cl Gq'— 0c'— /8L 290 «€0° lee [VANS ¢/'0— 00} Jojeuolg NS:8IN-0D
£G0° 96— 19°0— 9€'0— L60— 43 €20— 00— 0L0 €00 « 000> LG'G— eL L — 86'0— LL¢c— 1SqIeH SIM
6’ 00— 20'0— 80— 080— a9 050 €10 90'0— 00 <0 19'¢— 0L0— 9L’V — 9ve— 1sqieH IEIIETYe)
14 18°0— €20— €7'0— 990— gL Ge'0— 0L0— 2co €L'o xG00° 98'c— 08'0— cel— ¢cle— 1sqieH SUqIBAQ
0c’ 6C'}— 28'0— og’t 6¥7°0 (VA 80— €20— 160 .0 <0’ 1G9°¢— a9’ — SL'} €Lo 1sqieH V-00
sdnoib (1 0) uswieal; J8ylo sA (1) YHYIN
99’ 70— Ye0— L 1.0 60 691 et 950 18} 7000 €9'€— c8'¢c— Otec ¢l 0— VdVvIN NS BIN-0D
8¢’ 88'0— 120— 00— L60— 69 o¥’0 Z2Lo 600— €00 «F000>  L2Vv— €’ — 8’ Ll— LL¢c— 1SqIeH SIM
99’ 770 [N} ¢60— 080— 145 vl 8¢€°0 L€'0— 200 *x 00 05'€— ¢6'0— vS'Ll—  9v'c— 1sqieH 1lieno
LL 80— LEO— GS'0— 990— LV PASNN 8€°0 92¢0— €10 «+000> 8C¥— 6L 1L— ¢6'0— ¢cle— 1SqieH SUqIBAQ
Ly cL'0— Sv'0— 76°0 6¥7°0 [4°3 S9°0 70 €€°0 .0 x€0° 8l'c— 18— oS’ €Lo 1sqieH V-00
sdnoib (1 O) Juswieal} 18yjo sA (1) 3oolg uimy
€9’ €9°0— 81'0— 620— 86’ c0'0— 10°0— L€0— x00’ cv'e— 20— 120— VdVvIN
°i°) 09'0— 8L'0— 87’'0— 0g€0— 18’ 91’0 S0°0 cc0— Lg0— «c0’ ¥e'Cc— 69°0— 86'0— 620— Jojeuolg ww ‘d1n
99 850 Sv'0 le'H 1.0 61 ce - €0’ — G80 18} xx 00 0g'e 9¢'0 a8’} clL'0— VdVYIN NS:8IN-0D
£G0° 96'L— 19°0— 90— 28’ €20— 00— 0L0 «~F000> LG'G— €L — 86°0— YHVIN
8¢’ 88°'0— 120— 0L0— 69 o¥'0 4 N0) 600— 000> Le¥— €1 — 8€L—  XJ0|g um]
le 9T’ L— 60— /60— 890— clL 9€'0 L0 €00 80'0— .«I000> 69Y Y- LL2— 8¢L— Jojeuold SIM
V6’ 00— c0'0— 80— a9’ 050 €10 90'0— <0’ 19'¢— 040— 9L — VdVvIN
99 ¥'0 cLo 26'0— 145 L 8¢°0 L€0— « 100" 09'€— c6'0— vSL— 40019 uim |
69 or'0 00— 08'0— 00— oy’ 780 cc’0 200 SL'0— <0’ c¢S'c— 99'0— 9¥'c— 08'}— Jojeuolg lieno
14 18°0— £€20— €r'0— €L Ge'0— 00— ¢c0 £G00° 98'c— 08'0— ce L — YdVYIN
bL 8€0— LEO— GG'0— LV L8} 8¢€°0 9¢'0— 000> 8C¥— 6L 1— ¢6'0—  Xo0|g uim]
16 00— 10°0— 99'0— S90— 1% yASN 7’0 cL'o0 L€°0— «L000> SOVv— S - 2l'c— 660— Jojeuold SIqIBAO
oc 6C'}— 28'0— og’tL VA 80— €20— 160 <0 VAR A c9'L— SL') VYdVIN
Ly cL0— Sv'0— 6%°0 ¥6°0 [4°) S9°0 70 .0 €e0 «€0° 8L'c— L8 — g0 oS’ o0|g uim Vv-00
sdnoub (1 Q) wawiealy J8yio sA (1) 1sqieH
i} 090 810 0€0— 8¥0— 18’ 91'0— S0°0— 80— 2g0— xc0’ ¥€¢ 690 60— 86°0— 1sqieH ww ‘din
G6° 200 S0°0 280 1.0 cl SS9 — 0c'— 190 18} £€0° lee L 00’ cL'0— VdvIN NS:8IN-0D
le 9T’ 6€0 89°0— L60— cl 90— L0— 80°0— €00 «+000> 69V eyl 8c'Ll— LL2— 1sqIeH SHM
69 or'0 oL0 00— 080— oy’ 80— cc’0— GL0— 200 0 csc 990 08— 9v'¢c— 1SqieH 1ellen0
16 00 100 G9'0— 990— cl’ VAN 70— L€'0— €10 «+000™> GOV cL'l 660— <clc— 1SqIeH SUqIBAO
sdnoJb (1 O) wewieall Jaylo sA (1) Jojeuolg
eneAd oneAl vioma o (1) (10) enead eneal viiowa (1) (10) enead enear viiowa (1) (1o) 10 JuswaInses|y
101 F1-f1v t1-fL1v 10—1L ¢1-f1v °1-f1v 10—L AV B Y

JpozIenuuy sdnolp) Juswiesal] ussmleg seoualayiq Jesur ueoyubls g ajqel

Angle Orthodontist, Vol 80, No 1, 2010



28

over time. The flaring of the maxillary and mandibular
incisors was only temporary after phase | therapy and
was resolved at the end of edgewise treatment. The
decrease in SNA could be due to the distal remodeling
at A-point caused by the initial flaring of the upper
incisors; therefore, it could not be solely attributed to
restriction of maxillary growth. Co-Apt did not decrease
over time. This finding contrasts with that of Pangrazio-
Kulbersh et al** who reported significant restriction of
maxillary growth with MARA treatment. Remodeling at
A-point, resulting in a decrease in SNA, has been
reported by Mills and McCulloch and llling et al.* The
changes in Co-Apt did not correlate with the decrease
in SNA. Posterior condylar growth expressed during
MARA treatment could have influenced the total
maxillary length masking the true effect of the
appliance on maxillary growth. The decrease in SNB
is most likely due to the increase in the vertical
dimension, which was significant when compared with
the controls. This vertical increase is most likely
related to growth and changes in the occlusal plane.

Overall, there were no significant soft tissue chang-
es in any of the groups studied. This contrasts the
findings of Berger et al®® who reported significant
improvement of the facial contour after functional
appliance treatment. The difference in findings is most
likely attributed to tracing error. The soft tissue of the
control sample was not always clear due to the aged
cephalograms. Pancherz and Anehus-Pancherz® re-
ported that the profile changes exhibited by patients
who were treated with Herbst therapy were variable
and unpredictable.

CONCLUSIONS

« No significant long-term dento-skeletal differences
were observed between the various treatment
groups and matched controls.

« When comparing the treatment groups among
themselves, the Herbst and MARA appliances
significantly restricted maxillary growth and produced
a steeper occlusal plane.

« The Twin Block was most effective in controlling the
mandibular plane angle and had the greatest effect
long term on labial version of the mandibular incisors.
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