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Treatment effects of bonded RME and vertical-
pull chincup followed by fixed appliance in
patients with increased vertical dimension
Scott O. Schulz,a James A. McNamara, Jr,b Tiziano Baccetti,c and Lorenzo Franchid

Ann Arbor and Traverse City, Mich, and Florence, Italy

Introduction: The aim of this study was to investigate the effectiveness of vertical-pull chincup (VPCC)
therapy during an initial rapid maxillary expansion (RME) phase, followed by a second phase of compre-
hensive orthodontic therapy in growing subjects with mild-to-severe hyperdivergent facial patterns.
Methods: The records of 29 subjects treated with bonded RME combined with VPCC followed by a
fixed-appliance phase with continued use of VPCC were compared with a group of 29 well-matched patients
treated with bonded RME only. Lateral cephalograms were analyzed before the start of treatment (T1), before the
second phase of treatment (T2), and after the second phase of treatment (T3). Mean age at T1 was approximately
9 years for both groups. Total treatment period (phase 1, interim phase, and phase 2) was 5.7 years for the VPCC
group and 6.2 years for the bonded RME-only group. Statistical comparison between the 2 groups was
performed by means of independent sample t tests on the T2-T1, T3-T2, and T3-T1 changes. Cervical vertebral
maturation stages were assessed at T1, T2, and T3. Results: The VPCC induced significantly smaller increases
in mandibular plane angle of about 2°, lower anterior facial height of about 2.5 mm, and total anterior facial height
of about 3.5 mm, compared with the RME-only subjects. These outcomes reflect the therapeutic changes that
occurred during phase 1 treatment; phase 2 treatment was not associated with any significant difference in
treatment response. No statistically significant differences in vertical dentoalveolar changes were concurrent with
the vertical skeletal changes in the subjects treated with the VPCC compared with the RME-only group.
Conclusions: The clinical significance of VPCC wear over 2 phases of treatment (5.7 years) appears to be limited.
The VPCC was most effective during the initial (RME) phase of treatment and of little benefit during the fixed

appliance phase. (Am J Orthod Dentofacial Orthop 2005;128:326-36)
The treatment of patients with increased vertical
dimensions (facial hyperdivergence or high-angle
facial pattern) is commonly regarded as one of the

most difficult challenges in orthodontics. The major char-
acteristics of a hyperdivergent skeletal pattern are down-
ward and backward rotation of the mandible, relative
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mandibular retrognathia, and, commonly, anterior open
bite.1-3 Significant vertical skeletal imbalances are often
accompanied by discrepancies in the anteroposterior and
transverse dimensions.1

The multidimensional character of the hyperdiver-
gent facial type complicates diagnosis and treatment
planning. The underlying theme in treating high-angle
patients is control of posterior dentoalveolar develop-
ment4 (tooth extrusion) to prevent increasing the verti-
cal dimension during expansion and fixed appliance
therapy. Such control can be particularly difficult be-
cause of the limited mechanical advantage inherent in
this skeletal pattern.5

Various treatments have been proposed for patients
with vertical dysplasia, with varying degrees of effective-
ness, including extraction of posterior teeth,6,7 high-pull
headgear,8-10 and the active vertical corrector.11,12 Two
appliances that have shown promise in posterior dentoal-
veolar control are posterior bite-blocks and the vertical-
pull chincup (VPCC). Advocates of posterior bite-blocks
claim that acrylic coverage of the occlusal surfaces inhib-
its posterior eruption and might provide some intrusion of

posterior teeth.13 By design, the bonded, acrylic-splint,
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rapid maxillary expander (RME) has a posterior bite-
block effect as one of its modes of action. The nature of
high-angle malocclusion often makes maxillary expansion
necessary, and bonded acrylic expanders have been sug-
gested for correction of the transverse dimension in these
patients.4 Studies have shown that this appliance mini-
mizes tipping of the posterior maxillary teeth, thereby
providing better control over the vertical dimension.14,15

VPCC therapy has the goal of preventing extrusion
of molars and the resultant elongation of the lower face
during orthodontic treatment.6,16-19 The line of action
of this chincup closely approximates that of the masti-
catory muscles, so it should be of great value in treating
patients of this facial type. High-angle, open-bite pa-
tients treated with VPCC alone show decreases in
mandibular plane and gonial angles, along with relative
intrusion of the mandibular molars.20 A recent, short-
term investigation by Basciftci and Karaman21 com-
pared the effects of bonded RME therapy alone with
bonded RME combined with VPCC. The combination
of the 2 appliances appeared to be more effective in
controlling mandibular posterior rotation and maxillary
molar extrusion than the expander alone, thus confirm-
ing previous observations by Pearson and Pearson22

and Sankey et al.23

Although numerous studies have examined the
effects of combined bonded RME and VPCC therapy
during phase 1 treatment, none has directly examined
the effects of the VPCC during 2-phase treatment. Our
objective was to investigate the effectiveness of VPCC
therapy during an initial RME phase, followed by a
second phase of fixed orthodontic therapy in growing
subjects with mild-to-severe hyperdivergent facial pat-
terns. We compared the skeletal and dentoalveolar
changes induced by 2 treatment regimens: bonded
RME combined with VPCC followed by a fixed appli-
ance phase and continued use of the VPCC, and bonded

Table I. Demographics of treatment times

T1

Treatment
group

Age (y)

Mean SD Min Max

RME-VPCC
Boys (13) 8.9 0.9 7.2 10.8
Girls (16) 9.2 1.1 7.2 11.6
Total (29) 9.1 1.0 7.2 11.6

RME-only
Boys (13) 8.9 1.0 7.2 10.2
Girls (16) 9.2 1.1 7.8 11.4
Total (29) 9.0 1.0 7.2 11.4

Min, minimum; Max, maximum.
RME only, followed by a phase of fixed appliances.
MATERIAL AND METHODS

The bonded RME and VPCC (RME-VPCC) sample
was obtained from a group of 37 patients from 2 private
orthodontic practices. Both clinicians used similar
treatment protocols and were experienced in the clinical
manipulation of the chincup and the bonded expander.
They were asked to submit cephalograms of all patients
treated with the RME-VPCC protocol regardless of
treatment results or compliance. To be included in the
study, patients were required to meet the following
criteria:

1. Two-phase treatment consisting of bonded RME-
VPCC wear followed by preadjusted edgewise
orthodontic treatment associated with VPCC wear.

2. Pretreatment Angle Class I or Class II malocclusion.
3. No permanent teeth extracted before or during

treatment.
4. No functional appliance therapy.
5. Three consecutive, good-quality lateral cephalo-

grams with adequate landmark visualization and

Fig 1. Bonded acrylic-splint RME (from McNamara and
Brudon4).

T1-T2 T2-T3 T1-T3

(y) (y) (y)

an SD Mean SD Mean SD

.2 1.1 2.7 0.8 5.8 1.2

.4 1.5 3.1 0.7 5.5 1.5

.8 1.3 2.9 0.8 5.7 1.4

.1 1.0 2.4 1.1 6.6 1.0

.3 1.0 1.8 0.7 5.0 1.1

.9 1.1 2.3 0.9 6.2 1.3
Me

3
2
2

4
3
3

minimal or no rotation of the head, taken before
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phase 1 treatment (T1), before phase 2 treatment
(T2), and after phase 2 treatment (T3).

6. As derived from the cephalometric analysis at T1,
mandibular plane angle (to Frankfort horizontal) of
25° or greater.24

Twenty-nine of the 37 subjects (16 girls and 13
boys) met the inclusion criteria. The average age of the
RME-VPCC group at T1 and the mean treatment
intervals for the sample and its sex subgroups are
summarized in Table I.

The source of the bonded RME-only (RME-only)
group records was a private group orthodontic practice.
The practitioners were asked to provide records of all
patients treated with the appliances regardless of treat-
ment results or compliance. The same inclusion rules as
in the RME-VPCC sample, with the exception of
VPCC use, were applied to the RME-only sample.

The RME-only group was selected according to a
case-control matching criterion. The main variables for
the match between the 2 groups were age, sex, and
values for mandibular plane angle and lower anterior
facial height at T1. The final sample of 29 patients
treated with bonded RME only during phase 1 treat-
ment included 16 girls and 13 boys, the same sex
distribution as the RME-VPCC group. The average age
at T1 and the mean treatment intervals for the sample
and its 2 subgroups are summarized in Table I.

Treatment protocols

In the RME-VPCC group, phase 1 treatment in-
volved RME accompanied by VPCC therapy in the
mixed dentition. Patients were treated with acrylic-

Fig 2. Frontal and lateral views of
splint RME composed of Hyrax-type screw (Leone,
Sesto Fiorentino, Italy) embedded into a wire-and-
acrylic framework (Fig 1). The splint, made from 3-mm
thick, heat-formed acrylic (Splint Biocryl, Great Lakes
Orthodontics, Tonawanda, NY), was bonded to the
deciduous molars and the permanent first molars. The
expansion screw was turned once a day until the palatal
cusps of the maxillary posterior teeth approximated the
buccal cusps of the mandibular posterior teeth; then the
appliance was left in place for 8 weeks. Immediately
after RME removal, an occlusal-coverage maxillary
retainer was fabricated to be worn full-time until phase
2 treatment.

Throughout the expansion phase and the retention
period, the VPCC (Unitek Corporation, Monrovia,
Calif) was worn (Fig 2). It consisted of a padded band
that extended coronally, secured to the back of the head
by a cloth strap. A spring mechanism was activated by
pulling the tab inferiorly and attaching the tab to a hook
on the hard chincup. The vector of force (500 g [16 oz])
was directed approximately 90° to the occlusal plane.
The VPCC was custom fitted for each patient, and the
straps were stapled so as to fit the patient’s head
comfortably. The patients were instructed to wear it
about 12 hours a day.

Phase 2 of treatment for the RME-VPCC group
consisted of preadjusted fixed appliances. In addition to
a standard archwire sequence, precision-adjusted, .036-
in, stainless steel mandibular lingual and transpalatal
arches were used. Patients were instructed to continue
wearing it for 12 hours a day.

In the RME-only group, phase 1 treatment involved
expansion with an acrylic RME appliance of the same

 (from McNamara and Brudon4).
 VPCC
type used in the RME-VPCC group. The expansion screw
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was turned once a day until the palatal cusps of the
maxillary posterior teeth approximated the buccal cusps of
the mandibular posterior teeth. The appliance then was left
in place for approximately 5 months after expansion was
complete. Immediately after RME debonding, a remov-
able acrylic stabilization plate with arrow or ball clasp
retention was fabricated for the maxilla. The patient was
instructed to wear this full-time for at least 1 year and then
at night until phase 2 treatment.

The fixed phase of treatment for the RME-only
group also consisted of preadjusted fixed appliances.

Table II. Comparison of starting forms (T1)

Cephalometric
measures

RME-VPCC
(n � 29)

Mean SD

Maxillary skeletal
SNA (°) 79.1 3.6
PtA to nasion perp (mm) �1.0 3.2
Co-Pt A (mm) 84.9 4.1

Mandibular skeletal
SNB (°) 75.2 3.4
Pog to nasion perp (mm) �8.5 4.6
Co-Gn (mm) 108.5 4.9

Maxillary/mandibular
ANB (°) 3.9 2.1
Wits (mm) �0.2 3.1
Max/mand difference (mm) 23.6 3.1

Vertical skeletal
MPA (°) 29.3 3.5
ANS to Me (mm) LAFH 66.0 4.3
Ar-Goi (mm) 39.4 3.8
N-Me (mm) AFH 112.6 5.8
Gonial angle (°) 131.7 5.4
Co-Go (mm) 54.5 4.0
FH to occlusal plane (°) 10.8 3.3
FH to palatal plane (°) 2.5 2.6

Interdental
Overbite (mm) 2.4 2.3
Overjet (mm) 4.7 2.0
Interincisal angle (°) 128.1 7.5
Molar relationship (mm) 0.8 1.7

Maxillary dentoalveolar
U1 to Pt A vert (mm) 4.4 1.8
U1 to Frankfort (°) 112.7 6.0
U6 to Frankfort (°) 76.6 3.6

Mandibular dentoalveolar
L1 to Pt A Pg (mm) 1.4 1.7
L1 to MPA (°) 89.8 5.1

Soft tissue
UL to E plane (mm) �2.3 2.0
LL to E plane (mm) 0.4 1.9
Nasolabial angle (°) 114.3 10.3

*P � .01.
**P � .001.
NS, Not significant.
Stainless steel, .036-in transpalatal arches were used as
adjuncts to a standard archwire sequence. No extraoral
forces were used.

Cephalometric analysis

T1, T2, and T3 cephalograms were hand-traced by
one investigator (S.O.S.) and verified for landmark
location by a second (J.A.M.). Any disagreements were
resolved by retracing the landmark or structure to the
satisfaction of both observers. Cephalometric software
(Dentofacial Planner, version 2.5; Dentofacial Soft-
ware, Toronto, Ontario, Canada) was used for a cus-

RME-only
(n � 29)

Difference SignificanceMean SD

79.6 3.3 0.5 NS
�1.6 2.5 0.6 NS
86.9 4.6 5.0 NS

75.9 2.7 0.7 NS
�9.4 4.8 0.9 NS
108.1 5.4 0.4 NS

3.6 2.0 0.3 NS
�0.9 2.5 0.7 NS
21.2 3.0 2.4 *

29.6 3.8 0.3 NS
63.7 4.8 2.3 NS
38.5 3.6 0.9 NS

110.7 7.1 1.9 NS
132.9 5.7 1.2 NS
49.6 3.6 4.9 **
11.3 2.7 0.5 NS
0.4 2.8 2.1 *

2.5 2.3 0.1 NS
4.8 1.7 0.1 NS

125.5 7.4 2.6 NS
0.7 1.0 0.1 NS

3.8 2.0 0.6 NS
113.8 5.5 1.1 NS
74.6 4.1 2.0 NS

0.9 1.4 0.5 NS
91.2 6.0 1.4 NS

�1.9 1.9 0.4 NS
�0.1 2.3 0.5 NS
113.4 13.1 0.9 NS
tomized digitization regimen that included 78 land-
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marks and 4 fiducial markers. This program allowed for
analysis of cephalometric data and superimposition
among serial cephalograms according to the specific
needs of the study.

Lateral cephalograms for each patient at T1, T2, and
T3 were digitized, and 50 variables were generated for
each film. The magnification factor of cephalograms was
standardized at 8%. A cephalometric and regional super-
imposition analysis containing measures chosen from the
analyses of McNamara,25 McNamara et al,26,27 Ricketts,28

Steiner,29 and the Wits appraisal30 was performed on each
cephalogram.

Cranial base superimpositions were performed by
aligning the basion-nasion line and registering at the most
posterosuperior aspect of the pterygomaxillary fis-
sure.25,28 In addition, the posterior cranial outline was
used to verify the superimposition of cranial-base struc-
tures. From this superimposition, changes in position of
the maxilla and the mandible were measured. To super-
impose the maxilla along the palatal plane, the superior
and inferior surfaces of the hard palate and the internal
structures of the maxilla superior to the incisors were used
as landmarks. From this superimposition, movement of
the maxillary incisors and molars could be assessed.
Mandibular superimposition included the mandibular ca-
nal and tooth germs posteriorly and the internal structures
of the symphysis and contour of the chin anteriorly,
allowing measurement of movement of the mandibular

Fig 3. Average cephalometric forms for RME-VPCC
group at T1 (black), T2 (blue), and T3 (red).
teeth.
Cervical vertebral maturation analysis

Subjects in both groups were analyzed at T1, T2, and
T3 with the recently improved version of the cervical
vertebral maturation (CVM) method, a reliable means of
assessing skeletal maturity.31

Statistical analysis

Means and standard deviations were calculated for
age, duration of treatment, and all cephalometric measures
at T1, T2, and T3 for the RME-VPCC and RME-only
groups. Additionally, mean differences and standard de-
viations were calculated for the changes between T2 and
T1, T3 and T2, and T3 and T1 for each group. The data
were analyzed with software (version 10.0; SPSS, Inc,
Chicago, Ill). Statistical significance was tested at the P �
.05, P � .01, and P � .001 levels. The error of the data
acquisition method has been described previously by
McNamara et al.27

Starting forms and mean change differences at differ-
ent time intervals (T2-T1, T3-T2, and T3-T1) were com-
pared in the 2 groups with independent-sample t tests.
Because of sample sizes in both groups (n � 29),
differences in vertical dimension change between treat-
ment group effects were considered clinically significant
if they were equal to or greater than 2 mm or 2° (statistical

Fig 4. Average cephalometric forms for RME-only
group at T1 (black), T2 (blue), and T3 (red).
power of the study � 0.8).
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RESULTS

Descriptive statistics including means and standard
deviations for both groups at the start of treatment are
presented in Table II. The mean value of the mandibular
plane relative to Frankfort horizontal for both groups was

Table III. Comparison of change during phase I treatme

Cephalometric
measures

RME-VPCC
(n � 29)

Mean SD

Maxillary skeletal
SNA (°) 0.5 1.7
PtA to nasion perp (mm) 0.2 1.5
Co-Pt A (mm) 3.5 2.2

Mandibular skeletal
SNB (°) 0.8 1.4
Pog to nasion perp (mm) 1.2 2.2
Co-Gn (mm) 5.1 3.0

Maxillary/mandibular
ANB (°) �0.3 1.6
WITS (mm) 0.4 2.4
Max/mand difference (mm) 1.6 2.6

Vertical skeletal
MPA (°) �1.3 1.5
ANS to Me (mm) LAFH 1.0 2.6
Ar-Goi (mm) 2.6 2.8
N-Me (mm) AFH 4.7 3.5
Co-Go (mm) 2.4 2.3
Gonial angle (°) �2.2 2.7
FH to occlusal plane (°) �1.4 2.8
FH to palatal plane (°) �1.2 1.6

Interdental
Overbite (mm) 1.6 2.1
Overjet (mm) �0.4 1.8
Interincisal angle (°) 0.1 5.7
Molar relationship (mm) 1.0 1.9

Maxillary dentoalveolar
U1 to Pt A vert (mm) 0.5 1.3
U1 horizontal (mm) 0.2 1.5
U1 vertical (mm) 1.0 1.9
U6 horizontal (mm) 0.5 1.6
U6 vertical (mm) �0.1 1.9

Mandibular dentoalveolar
L1 to Pt A Pg (mm) 0.4 1.5
L1 horizontal (mm) 0.2 1.3
L1 vertical (mm) 2.1 1.2
L6 horizontal (mm) 1.5 1.3
L6 vertical (mm) 1.1 1.8
L1 to MPA (°) 1.2 4.1

Soft tissue
UL to E plane (mm) �1.7 1.5
LL to E plane (mm) �0.8 1.6
Nasolabial angle (°) 1.5 7.7

*P � .05.
**P � .01.
***P � .001.
NS, Not significant.
29° (range 25° to 38°). The RME-VPCC group initially
had a larger mandibular ramus height (Co-Go) and a
larger maxillary-mandibular discrepancy. In addition, the
anterior portion of the palatal plane was inclined more
superiorly in the RME-VPCC group than in the RME-
only group. No other significant differences were found

1 to T2)

RME-only
(n � 29)

Difference SignificanceMean SD

0.0 1.4 0.5 NS
�0.4 1.2 0.6 NS

4.2 2.2 0.7 NS

1.0 1.4 0.2 NS
1.7 2.5 0.5 NS
8.9 3.8 3.8 **

�1.0 1.3 0.7 NS
�1.0 1.9 1.4 NS

4.7 3.0 3.1 ***

�0.3 1.7 1.0 NS
3.8 2.3 2.8 **
4.1 3.3 1.5 NS
8.9 4.0 4.2 *
3.4 2.8 1.0 NS

�1.8 2.8 0.4 NS
�0.8 2.3 0.6 NS
�1.4 1.3 0.2 NS

0.9 1.6 0.7 NS
�0.5 1.6 0.1 NS
�0.7 5.5 0.8 NS

0.9 1.5 0.1 NS

1.3 1.8 0.8 NS
1.5 2.0 1.3 NS
2.0 1.4 1.0 NS
2.1 1.8 1.6 *
1.3 1.4 1.4 *

0.9 1.5 0.5 NS
-0.1 1.5 0.3 NS
3.0 1.2 0.9 NS
1.1 1.3 0.4 NS
2.6 1.1 1.5 *
0.0 3.4 1.2 NS

�2.0 1.7 0.3 NS
�1.0 2.2 0.2 NS
�0.3 7.7 1.8 NS
nt (T
between the 2 groups at T1.
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There were no significant differences between the 2
groups for any maxillary measures in the sagittal plane
from T1 to T2 (phase 1 treatment) (Table III). Total
mandibular length (Co-Gn) showed a significantly
larger increase in the RME-only group when compared
with the RME-VPCC group (3.8 mm). No other signif-
icant changes in mandibular measures could be de-
tected. During phase 1 treatment, the RME-only group

Table IV. Comparison of changes during phase 2 treatm

Cephalometric
measures

RME -VPCC
n � 29

Mean SD

Maxillary skeletal
SNA (°) �1.5 1.9
PtA to nasion perp (mm) �1.5 2.0
Co-Pt A (mm) 2.5 2.3

Mandibular skeletal
SNB (°) �0.3 1.2
Pog to nasion perp (mm) 0.1 2.6
Co-Gn (mm) 7.5 3.3

Maxillary/mandibular
ANB (°) �1.2 1.5
WITS (mm) �0.6 2.8
Max/mand difference (mm) 5.1 2.4

Vertical skeletal
MPA (°) �0.2 1.8
ANS to Me (mm) LAFH 4.5 2.8
Ar-Goi (mm) 4.0 2.7
N-Me (mm) AFH 8.2 4.2
Co-Go (mm) 4.1 2.9
Gonial angle (°) �2.3 2.7
FH to occlusal plane (°) �1.3 3.2
FH to palatal plane (°) �1.0 1.7

Interdental
Overbite (mm) �1.7 1.8
Overjet (mm) �1.3 1.8
Interincisal angle (°) -6.5 9.9
Molar relationship (mm) 0.2 2.0

Maxillary dentoalveolar
U1 to Pt A vert (mm) 0.5 2.0
U1 horizontal (mm) 0.4 2.1
U1 vertical (mm) 0.6 1.7
U6 horizontal (mm) 2.1 2.2
U6 vertical (mm) 1.2 1.6

Mandibular dentoalveolar
L1 to Pt A Pg (mm) 1.3 1.7
L1 horizontal (mm) 0.5 1.5
L1 vertical (mm) 2.4 1.5
L6 horizontal (mm) 1.1 1.3
L6 vertical (mm) 3.6 2.1
L1 to MPA (°) 3.5 6.0

Soft tissue
UL to E plane (mm) �2.0 1.6
LL to E plane (mm) �1.3 1.5
Nasolabial angle (°) �0.6 9.2

NS, Not significant.
had a significantly greater increase in maxillary-man-
dibular differential (3.1 mm). The changes in the Wits
appraisal and the ANB angle were not significantly
different in the 2 groups.

Significantly greater differences were found for the
increase in lower anterior facial height (ANS to Me) in
the RME-only group (2.8 mm). Similarly, the increase
in the total anterior facial height (N-Me) was signifi-
cantly greater in the RME-only group than in the

T2 to T3)

RME-only
n � 29

Difference SignificanceMean SD

�0.7 1.6 0.8 NS
�0.8 1.8 0.7 NS

2.3 2.4 0.2 NS

�0.3 1.4 0.0 NS
�0.3 2.7 0.4 NS

5.7 3.7 1.8 NS

�0.5 1.6 0.7 NS
�0.1 1.6 0.5 NS

3.5 2.5 1.6 NS

0.6 1.9 0.8 NS
4.3 2.4 0.2 NS
3.0 3.0 1.0 NS
7.3 4.0 0.9 NS
3.1 4.1 1.0 NS

�1.0 2.7 1.0 NS
�0.3 2.1 1.0 NS
�0.9 1.6 0.1 NS

�1.8 1.6 0.1 NS
�1.3 1.5 0.0 NS

-3.0 8.2 3.5 NS
0.7 1.4 0.5 NS

�0.3 2.4 0.8 NS
-0.8 2.0 1.2 NS
0.2 1.3 0.4 NS
1.2 1.6 0.9 NS
0.9 1.5 0.3 NS

0.9 1.7 0.4 NS
0.3 1.3 0.2 NS
2.6 1.8 0.2 NS
1.4 1.2 0.3 NS
3.3 1.6 0.3 NS
1.6 4.4 1.4 NS

�1.6 2.0 0.4 NS
�0.6 1.9 0.7 NS

3.8 7.1 4.4 NS
ent (
RME-VPCC group (4.2 mm).
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Significantly greater treatment changes were noted
for the position of the maxillary first molar in both the
horizontal and vertical planes in the RME-only group
(approximately 1.5 mm for both horizontal and verti-
cal). A significantly larger increase in the vertical
position of the mandibular first molar was recorded in

Table V. Comparison of changes during overall treatm

Cephalometric
measures

RME-VPCC
n � 29

Mean SD

Maxillary skeletal
SNA (°) �1.0 2.5
PtA to nasion perp (mm) �1.3 2.4
Co-Pt A (mm) 5.9 3.1

Mandibular skeletal
SNB (°) 0.6 1.9
Pog to nasion perp (mm) 1.4 3.1
Co-Gn (mm) 12.6 4.7

Maxillary/mandibular
ANB (°) �1.6 2.0
WITS (mm) �0.2 3.4
Max/mand difference (mm) 6.7 3.4

Vertical skeletal
MPA (°) �1.6 1.9
ANS to Me (mm) LAFH 5.5 4.1
Ar-Goi (mm) 6.7 2.9
N-Me (mm) AFH 12.9 5.8
Co-Go (mm) 6.5 3.1
Gonial angle (°) �4.6 3.1
FH to occlusal plane (°) �2.7 3.5
FH to palatal plane (°) �2.3 1.9

Interdental
Overbite (mm) �0.1 2.3
Overjet (mm) �1.7 2.1
Interincisal angle (°) �6.4 10.1
Molar relationship (mm) 1.2 1.9

Maxillary dentoalveolar
U1 to Pt A vert (mm) 1.0 2.1
U1 horizontal (mm) 0.6 2.6
U1 vertical (mm) 1.6 1.8
U6 horizontal (mm) 2.6 2.3
U6 vertical (mm) 1.1 2.0

Mandibular dentoalveolar
L1 to Pt A Pg (mm) 1.7 2.1
L1 horizontal (mm) 0.7 1.9
L1 vertical (mm) 4.5 2.1
L6 horizontal (mm) 2.7 1.7
L6 vertical (mm) 4.7 2.7
L1 to MPA (°) 4.8 6.0

Soft tissue
UL to E plane (mm) �3.7 1.8
LL to E plane (mm) �2.0 1.6
Nasolabial angle (°) 0.9 8.7

*P � .05;
**P � .01.
NS, Not significant.
the RME-only group compared with the RME-VPCC
group (1.5 mm). No significant between-group differ-
ences were found for the T1-to-T2 changes in interden-
tal relationships.

No significant differences in soft tissue measure-
ments were found for the T1-to-T2 changes between
the 2 groups.

1 to T3)

RME-only
n � 29

Difference SignificanceMean SD

�0.7 1.8 0.3 NS
�1.2 1.9 0.1 NS

6.5 3.1 0.6 NS

0.7 2.2 0.1 NS
1.4 4.1 0.0 NS

14.7 4.7 2.1 NS

�1.4 1.7 0.2 NS
�1.1 2.0 0.9 NS

8.2 2.8 1.5 NS

0.2 2.8 1.8 **
8.1 2.8 2.6 **
7.1 3.6 0.4 NS

16.2 4.5 3.3 *
6.6 3.7 0.1 NS

�2.8 3.6 1.8 NS
�1.1 3.1 1.6 NS
�2.3 1.8 0.0 NS

�0.9 2.2 0.8 NS
�1.8 1.6 0.1 NS
�3.7 9.3 2.7 NS

1.6 1.1 0.4 NS

1.0 3.0 0.0 NS
0.7 2.4 0.1 NS
2.2 1.6 0.6 NS
3.3 2.1 0.7 NS
2.3 1.4 1.2 NS

1.8 1.5 0.1 NS
0.1 1.7 0.6 NS
5.6 2.4 1.1 NS
2.6 1.8 0.1 NS
5.9 1.9 1.2 NS
1.6 4.0 3.2 NS

�3.6 1.7 0.1 NS
�1.5 2.2 0.5 NS

3.5 8.3 2.6 NS
ent (T
No significant differences were found between the
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groups for the changes from T2 to T3 (phase 2
treatment) for any cephalometric measures (Table IV).

When the overall treatment changes were examined
from T1 to T3 (approximately a 6-year treatment
period), significant between-group differences were
confined to vertical skeletal measures (Table V). The
RME-VPCC group showed significantly smaller in-
creases in mandibular plane angle, lower anterior facial
height, and total anterior facial height. The mandibular
plane angle increased 1.8° less in the RME-VPCC
group than in the RME-only group. Similar trends were
recorded for the other 2 measures, which demonstrated
2.6 mm less increase in lower anterior facial height and
3.3 mm less increase in total anterior facial height in the
RME-VPCC group.

A graphic representation of treatment change for
the RME-VPCC group is given in the composite tracing
of treatment forms at T1, T2, and T3 (Fig 3). Figure 4
is a composite tracing of the RME-only group at each
of these time periods.

At T1, the 2 groups had identical outcomes, with
equal distributions of the CVM stages (CVMS) (CVMS
I � 17; CVMS II � 2; CVMS III � 1). The distribution
of the maturational stages in the 2 groups was different
at T2. The percentage of subjects who went through
their pubertal growth spurts during the T1-T2 interval
in the RME-only group (69%) was almost twice that of
subjects in the RME-VPCC group (38%). At the end of
fixed appliance treatment, 2 patients in the RME-VPCC
group still had not experienced their growth peaks as
measured by the CVM method. Only 6 (21%) subjects
in the RME-VPCC group had reached CVMS V at the
end of orthodontic treatment, compared with 14 (48%)
of the RME-only group.

DISCUSSION

This study examined the effectiveness of VPCC
therapy during an initial RME phase and secondary
fixed orthodontic therapy in growing subjects with
mild-to-severe hyperdivergent facial patterns. No pre-
vious data were found in the literature evaluating
treatment of patients with increased vertical dimensions
that included a second phase of comprehensive fixed
appliance therapy.

The 2 groups examined in this study were well
matched as to starting forms. Significant between-
group differences were noted for only a few measures.
The RME-VPCC group initially had a greater mandib-
ular ramus height and a larger maxillary-mandibular
discrepancy. The anterior portion of the palatal plane
was inclined more superiorly in the RME-VPCC group
than in the RME-only group. Because the 2 groups

were clinically managed nearly identically over the 2
phases of therapy, with the exception of the extraoral
orthopedic force used in the RME-VPCC group, it can
be inferred that the differences in treatment outcomes
were due mostly to the use of the VPCC.

Treatment effects

After phase 1 treatment, there was an effective
reduction in the vertical measures for anterior facial
height as a result of VPCC wear, which resulted in
smaller increases in both lower and total anterior facial
heights (2.8 mm and 4.0 mm, respectively) in compar-
ison with the RME-only group. These differences were
significant both statistically and clinically.

The reduced increase in vertical dimension during
phase 1 treatment with the VPCC was associated with
significantly less extrusion of both the maxillary and
mandibular first molars. These teeth demonstrated 1.5
mm less extrusion in the RME-VPCC group than in the
RME-only group. This combined increase in posterior
dentoalveolar height (3 mm) for the RME-only group is
reflected in the difference of the net change in lower
anterior facial height for the 2 groups at the start of
fixed appliance therapy. Both the dentoalveolar and
skeletal changes in the vertical dimension occurred
without a significant change in the inclination of the
mandibular plane angle, which showed a nonsignificant
1° difference between the 2 groups after phase 1
treatment. These results are similar to those reported by
Pearson and Pearson22 and Basciftci and Karaman.21

A highly significant difference in the increase in
total mandibular length (Co-Gn) from T1 to T2 was
recorded between the 2 groups, with the RME-VPCC
group showing almost 4.0 mm less growth than the
RME-only group at the end of phase 1. Two explana-
tions are proposed for the observed difference in
mandibular growth. The first hypothesis takes into
account a possible restrictive effect of chincup wear on
mandibular growth. Because of the vertical direction of
the orthopedic force, the effect on anteroposterior
growth might be limited; however, some restrictive
effect on mandibular growth is not out of the question
in view of the compressive force on the mandibular
condyle. The investigations by Petrovic et al32 and
Petrovic33 showed that increases in mandibular length
are less when compressive forces are placed against the
mandibular condyle, at least over the short term.

The second explanation is the possibility of a
significant difference in the maturational status of the
patients in the 2 groups during phase 1 treatment.
Analysis of CVM on the lateral cephalograms at T1 and
T2 shows that 70% of the subjects in the RME-only
group experienced the pubertal peak in mandibular

growth during phase 1. In contrast, only 40% of the
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subjects in the RME-VPCC group had their growth
spurts during that phase. Duration of treatment time
also might have played a role in the difference in
mandibular growth changes. The RME-only group
phase 1 treatment interval (including the so-called
interim period between phase 1 and phase 2) was longer
(47 months) than the interval for the RME-VPCC group
(34 months).

The VPCC appears to have little effect on the
cephalometric parameters of vertical change during
fixed appliance therapy. Changes from T2 toT3 for
patients treated without extraoral force (RME-only
group) were not statistically different from those ob-
served in the RME-VPCC group. In fact, the between-
group differences during this phase were almost negli-
gible and certainly were not clinically significant.

Mandibular anteroposterior growth showed a re-
verse pattern from phase 1 during the T2-T3 interval,
with a 2.0 mm greater increase in the RME-VPCC
group than in the RME-only group. This difference
might be because more subjects in the RME-VPCC
group (50%) than in the RME-only group (30%)
underwent the pubertal peak in mandibular growth
during this period.

The effectiveness of the VPCC as a means to
control vertical hyperdivergence was tested on the
overall changes from T1 to T3. Because the treatment
regimens and times for the 2 groups were nearly
identical, it can be concluded that the VPCC is respon-
sible for differences between the groups. Through the
combination of phase 1 and phase 2 treatment out-
comes, VPCC wear resulted in significantly smaller
increases in lower anterior facial height (–2.6 mm),
total anterior facial height (–3.4 mm), and inclination of
the mandibular plane to Frankfort (–1.8°). The changes
in these parameters were statistically significant when
compared with the RME-only group. Additionally, a
greater, though not significantly different, closure of the
gonial angle (–1.8°) was observed in the RME-VPCC
group.

No statistically significant differences in vertical
dentoalveolar changes were concurrent with the vertical
skeletal changes. The RME-VPCC group experienced 2
mm less extrusion of both the maxillary and mandibular
molars when compared with the RME-only group, but
the difference was not statistically significant.

The analysis of the overall changes for total man-
dibular length from T1 to T3 showed a 2 mm greater
increase in length in the RME-only group. This finding
can be explained on the basis of the higher percentage
of treated subjects having completed active growth
(CVMS V) at T3 in the RME-only group (50%) with

respect to the RME-VPCC group (20%).
Although the VPCC was relatively more effective
in controlling the vertical dimension, the bonded RME
did not increase the severity of the hyperdivergence to
a clinically significant degree. The primary treatment
objective for RME therapy is not correction of the
vertical skeletal imbalance, as is the case with the
VPCC. Therefore, the bonded RME treatment modality
can be used with a reasonable level of confidence for
the treatment of various dentoskeletal problems (eg,
posterior crossbite, maxillary transverse deficiency,
tooth size–arch size discrepancy, mild Class II maloc-
clusion) in the hyperdivergent patient.

The VPCC can partially control posterior dental
eruption and vertical dimension increases. However,
the clinical significance of increases of 2° less in
mandibular plane angle and 2.5 mm less in lower
anterior face height over 2 phases of treatment (5.7
years) seems small when one considers the burden of
chincup wear over the course of treatment compared
with RME-only treatment. The VPCC was most effec-
tive during the initial (RME) phase of treatment but of
minimal benefit during the fixed-appliance phase.

CONCLUSIONS
1. Over a 2-phase treatment period (5.7 years), wear-

ing a VPCC in combination with a bonded acrylic
splint extender during phase 1 and later with fixed
appliances can significantly limit the increases in
mandibular plane angle (to about 2°), lower anterior
facial height (to about 2.5 mm), and total anterior
facial height (to about 3.5 mm) when compared
with subjects treated with expanders (RME) and
fixed appliances only.

2. No statistically significant differences in vertical
dentoalveolar changes were concurrent with the
vertical skeletal changes in subjects treated with the
VPCC compared with the RME-only group.

3. When the overall treatment effects are evaluated,
most of the positive effects attributed to the VPCC
were achieved during the RME phase (phase 1),
whereas only a minor benefit of the extraoral
appliance was seen during phase 2, the comprehen-
sive, fixed-appliance phase.

We thank Drs Lloyd Pearson and Ronald Snyder,
who provided treatment records for the RME and
VPCC samples, and Drs Patrick Nolan and Kristine
West, who collaborated with Dr McNamara in collect-
ing records for the RME-only sample.
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