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V

ertical control is of critical importance in orthodontic treatment, especially for patients with hyperdivergent growth patterns.1 Treatment mechanics are more likely to extrude the posterior segments in these patients, owing to their weaker bite forces and reduced masticatory muscle
volumes.2 Leveling a steep occlusal plane with preadjusted brackets in a
hyperdivergent patient may result in differential moments and extrusive forces on the molars.3

Proper diagnosis of the vertical growth pattern and avoidance of extrusive mechanics are the
keys to maintaining the profile and sagittal relationship in such a case. Various adjunctive treatment modalities, including high-pull headgear and
vertical holding appliances, have been used to
control vertical growth of the maxilla and prevent
downward and backward rotation of the mandible.4-7 More recently, the introduction of temporary
anchorage devices (TADs) has expanded the
boundaries of tooth movement. Intrusion of maxillary molars and posterior buccal segments with
skeletal anchorage can promote counterclockwise
rotation of the mandible, increased chin projection,
a more esthetic soft-tissue profile, and improved
lip-incisor and occlusal relationships.
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When selecting the biomechanical system
for TAD-based intrusion, it is important to consider such occlusal characteristics as contacts,
occlusal plane divergence, and the presence or
absence of open bite. For balanced intrusion, the
line of force application should pass through the
center of resistance (CR) of the unit being intruded, whether a single tooth or an entire segment.
Finite element analysis of posterior segmental intrusion (first premolars through second molars)
showed that placing two buccal and two palatal
mini-implants in the interproximal bone between
the premolars and molars in each segment produced the least amount of tipping and canting.8 On
the other hand, adding mini-implants not only
increased patient discomfort and pain, but also
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increased the likelihood of mini-implant failure.
Replacing the palatal mini-implants with one or
two palatal arches resulted in varying degrees of
buccolingual and mesiodistal tipping. In another
study reporting successful treatment of growing
hyperdivergent patients with TADs, maxillary
posterior segmental intrusion was effected by using two palatal mini-implants and a rapid palatal
expander (RPE) to prevent lingual tipping.9 The
mandible was rotated forward and soft- and
hard-tissue convexities were reduced, leading to
the conclusion that growing hyperdivergent patients benefited from intrusion or relative intrusion
(controlling the vertical dimension), depending on
the amount of growth remaining.
The possibility of modifying the line of force
application during treatment—that is, applying separate forces of different magnitudes and directions
to the molar and premolar areas—and incorporating the anterior segment to achieve full-arch intrusion with a minimum number of mini-implants has
rarely been addressed. This article documents the
management of maxillary vertical growth by intrusion of the entire maxillary dentition to achieve
forward rotation of the mandible, increased chin
projection, and reduced incisor display.
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Case Report
A 14-year-old female presented with the
chief complaint of crowding (Fig. 1). She had a
mildly convex facial profile with excessive lower
anterior facial height and obtuse nasolabial and
mentolabial angles, as well as a consonant smile
arc with 1mm of gingival display in smiling.
Intraoral examination found a 3mm overjet, a
1mm overbite at the incisor level, 2mm of open
bite in the canine regions, and Class I molar and
canine relationships.
Cephalometric analysis indicated a slightly
convex hard-tissue profile and mildly hyperdivergent growth pattern (Table 1). Vertically, the mandibular plane angle was slightly increased, and the
distances from the upper and lower incisor apices
to the palatal and mandibular planes were excessive. The upper and lower incisor inclinations
were normal.
Treatment started with leveling and alignment of both arches, using an archwire sequence
from .014" nickel titanium to .019" × .025" nickel
titanium. Full-time vertical seating elastics were
prescribed in the canine to premolar and incisor
regions to achieve an ideal overbite. Moderate
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TABLE 1
CEPHALOMETRIC ANALYSIS
Norm

Pretreatment

Post-Alignment

SNA

82.0° ± 3.5°

81.9°

81.7°

81.8°

82.0°

SNB

80.9° ± 3.4°

78.3°

77.6°

79.2°

78.9°

ANB

1.6° ± 1.5°

3.5°

4.0°

1.9°

3.0°

Wits appraisal

Post-Intrusion Post-Treatment

−1.0mm ± 1.0mm

−3.1mm

−3.2mm

−5.3mm

−2.8mm

Chin protrusion (Pg-NA perp) −4.0mm ± 5.3mm

−6.0mm

−8.7mm

−4.9mm

−5.4mm

MP-SN

33.0° ± 6.0°

35.0°

36.2°

34.3°

34.3°

U1-SN

102.8° ± 5.5°

103.5°

102.7°

109.8°

106.9°

IMPA

95.0° ± 7.0°

96.6°

101.0°

98.2°

97.1°

U1-NF

27.5mm ± 1.7mm

32.2mm

33.7mm

30.3mm

31.2mm

U6-NF

23.0mm ± 1.3mm

23.7mm

24.2mm

22.5mm

22.8mm

L1-MP

32.1mm ± 1.9mm

30.3mm

32.7mm

33.8mm

34.6mm

L6-MP

40.8mm ± 1.8mm

36.1mm

38.3mm

39.7mm

41.3mm

11.6°

16.0°

14.4°

14.5°

Facial convexity

12.0° ± 4.0°

Upper lip-SNPg′

3.0mm ± 1.0mm

4.7mm

5.1mm

3.5mm

4.9mm

Lower lip-SNPg′

2.0mm ± 1.0mm

5.3mm

5.9mm

5.0mm

4.6mm

compliance with the elastics improved as treatment
progressed.
Upper and lower .016" × .022" TMA* archwires were inserted prior to the finishing phase.
After 17 months of treatment, we noted an increased gingival display in smiling (3mm), lip incompetency (4mm of lip separation at rest), mentalis muscle strain, and a retrusive chin position
(Fig. 2). The lateral cephalometric superimposition
showed incisor extrusion and clockwise rotation of
the mandible due to vertical growth of the maxilla and slight extrusion of the molars during treatment. The clockwise mandibular rotation had increased the interlabial gap and convexity of the
facial profile and reduced the chin projection.
After reevaluation, the treatment objectives were
*Trademark of Ormco Corporation, Orange, CA; www.ormco.com.
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to reduce the gingival display and interlabial gap,
thus improving smile esthetics, as well as to reduce
lower anterior facial height by counterclockwise
mandibular rotation and control of maxillary vertical growth.
Two possible treatment modalities were presented to the patient and her mother. The first option was a combination of orthodontics and orthognathic surgery to address the vertical skeletal
problem, using a Le Fort I osteotomy to impact the
maxilla and a genioplasty for chin advancement.
The major concerns with this approach were its
cost and the risks associated with surgery. The
alternative was to use TADs to intrude the maxillary dentition, reducing gingival display and encouraging forward mandibular rotation. The family was opposed to orthognathic surgery and
accepted the second option.
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Fig. 1 14-year-old female patient with excessive lower anterior facial height,
hyperdivergent growth pattern, and Class I molar and canine relationships
before treatment.
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a

Fig. 2 A. After 17 months of leveling
and alignment, showing excessive
incisor and gingival display, increased
interlabial gap, and reduced chin projection, with adequate occlusal relationships. B. Superimposition of
pretreatment (black) and progress
(blue) cephalometric tracings, confirming backward mandibular rotation
and reduced chin prominence.

b
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a

a

b

c

Fig. 3 A. Customized splint for maxillary dentition provides skeletal anchorage for intrusion. B. Intrusive forces
and moments generated tend to constrict maxillary arch. C. Intrusive forces and moments generated tend to tip
maxillary arch. Anterior force on canines intrudes incisors and reduces gummy smile simultaneously with posterior
intrusion.

After obtaining informed consent, we placed
two 1.8mm × 8mm mini-implants** in the palatal
shelves, along a line extending between the first
and second premolars and adjacent to the midpalatal suture (Fig. 3A). A customized appliance was
designed with four power arms fabricated from
.040" stainless steel wire and soldered to O-caps.**
The appliance was affixed to the mini-implant
heads using glass ionomer cement,*** and the
maxillary posterior teeth were splinted with an
.019" × .025" stainless steel archwire. From the
lingual aspect, the appliance also included a Hyrax† screw soldered to the first-molar bands, occlusal rests on the second molars, and two rigid
bars extending anteriorly with pads bonded to the
first and second premolars. Buttons were bonded
to the lingual aspects of both upper canines, and
bilateral intrusive forces of 150-200g were applied
with elastomeric chains from the power arms to
the hooks on the appliance and the canine buttons
(Fig. 3B,C). A smooth progression of maxillary
intrusion was obtained by titrating the anterior or
posterior intrusive forces as needed to control the
occlusal plane (Fig. 4).
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About 14 months later, 20° of labial crown
torque was added to the upper canines to compensate for the torque changes that had occurred
during intrusion. The finishing phase was completed using .017" × .025" TMA archwires, with the
occlusal rests and extension arms cut off to allow
settling of the occlusion.
After 42 months of treatment, the appliances
were debonded and the mini-implants were removed (Fig. 5). A lower 3-3 lingual retainer was
bonded, and a vacuformed upper retainer was delivered.
Post-treatment records showed a significant
improvement in smile esthetics, correction of the
excessive gingival display, reduction of the interlabial gap, and an increase in chin projection. Ideal overjet and overbite were achieved, and the Class
I canine and molar relationships were maintained.
The panoramic radiograph demonstrated adequate
**Unitek, trademark of 3M, Monrovia, CA; www.3M.com.
***Fuji ORTHO, trademark of GC America, Alsip, IL; www.
gcamerica.com.
†Registered trademark of Dentaurum, Inc., Newtown, PA; www.
dentaurum.com.
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a

a
Fig. 4 A. After eight months of intrusion. B. Superimposition of preintrusion (blue) and post-intrusion
(green) cephalometric tracings.

b

root parallelism with no evidence of substantial
apical root resorption. Cephalometric analysis confirmed the increased chin prominence (Pg-NA
perp) and reduced mandibular plane angle (MPSN) due to counterclockwise rotation of the mandible after maxillary intrusion (Table 1). The distance from the upper molars and incisors to the
nasal floor was reduced, and the upper and lower
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incisor inclinations were maintained.
Treatment with the customized appliance resulted in significant intrusion of the maxillary dentition and control of maxillary vertical growth, with
counterclockwise rotation of the mandible and improvements in pogonion and soft-tissue chin position
(Fig. 5B). The vertical growth of the ramus contributed to extrusion of the lower molars and incisors.
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Fig. 5 A. Patient after 42 months of treatment (continued on next page).

a

Discussion
This case—a Class I malocclusion with a
mildly hyperdivergent growth tendency—did not
appear to be complex at first. After 17 months of
leveling and alignment, however, we observed significant vertical growth of the maxilla, extrusion
of the maxillary dentition, and clockwise rotation
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of the mandible due to an unfavorable growth pattern and extrusive mechanics. The increased vertical dimension resulted from extrusion of the
lower premolars and molars after the lower curve
of Spee had been leveled with continuous archwires. Extrusion of the upper and lower anterior
teeth and the increased gingival display were attributable to two factors: elevated palatal cusps on
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b

c

Fig. 5 (cont.) B. Superimposition of post-intrusion (green) and post-treatment (red) cephalometric tracings. C. Super
imposition of pretreatment (black) and post-treatment (red) cephalometric tracings.

the upper posterior teeth following arch expansion
and concomitant vertical forces created by elastics
intended to prevent bite opening. Since vertical
ramal growth was insufficient to compensate for
backward rotation of the mandible, the cumulative
side effects of the mechanics required a modified
treatment approach. Intrusion of the entire maxillary arch was incorporated into the treatment plan
to encourage forward mandibular autorotation and
to address the lip incompetency and excessive gingival display in smiling.
Buccal or palatal TADs have been used to
support intrusion of the posterior teeth and correction of anterior open bite, especially in adult patients.10,11 From a biomechanical perspective, to
intrude the entire maxillary dentition, the appliance design should allow the application of force
vectors of different magnitudes in multiple directions. In this case, the cemented appliance with
power arms and the modified RPE with hooks for
force application provided the versatility and rigidity needed to achieve full-arch intrusion with
only two palatal TADs.
The modified RPE was specifically designed
to consolidate the upper right and left posterior
segments and to prevent lingual tipping of the upper molars and premolars during intrusion. An
RPE provided more stiffness and rigidity than a
transpalatal arch would, considering the force required to intrude the full dentition. The expansion
screw was a safety mechanism to mitigate any lingual tipping caused by the intrusive forces. In this
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patient, because some maxillary expansion was
achieved with the archwires during leveling and
alignment, no further expansion was needed during
the intrusion phase.
The hooks of the customized appliance were
positioned anteriorly and posteriorly to the CR of
the maxillary dentition to counteract the moments
generated by the applied forces, thus preventing
any steepening of the occlusal plane during intrusion. Since the line of action of the intrusive force
was lingual to the CR of the anterior teeth, labial
crown torque was added to the archwires at the
level of the canines to maintain their buccolingual
inclination throughout treatment. A similar design,
involving a rigid lingual arch splinted to all the
upper teeth, was successfully used by Hong and
colleagues to treat a gummy smile in an adult patient (except that the initial alignment was performed with clear aligners, rather than fixed appliances).12
In our case, the effective treatment changes
resulted from a combination of maxillary intrusion, using the custom-designed appliance, and
favorable vertical growth of the ramus. Cephalometric superimposition of the pre- and postintrusion phases showed substantial intrusion of
the entire maxillary dentition (Fig. 4B). About
3.4mm of incisor intrusion reduced the incisor display by 3mm; a 1.7mm intrusion of the first and
second molars reduced the mandibular plane angle
(MP-SN) by 1.9° and the facial convexity by 1.6°
(Table 1). As a result of the mandibular autorota-
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tion, the bony chin projection increased by 3.8mm
(Pg-NA perp). The positive orthopedic effects of
intrusion in this case were similar to those reported by Buschang and colleagues.9 The results were
maintained during the finishing stage by avoiding
extrusive mechanics and emphasizing vertical control of the molars. Despite the significant amount
of vertical growth during treatment, the mandibular plane angle, incisor display, and vertical molar
position relative to the nasal floor were basically
unchanged. This maxillary vertical control resulted in anterior positioning of the chin point.
The mandibular molars were not intruded
in this case, but their vertical position was controlled with a rigid archwire. Regional superimposition of the mandible showed significant extrusion of the lower molars and incisors into the
interocclusal space created by the vertical growth
of the ramus and the intrusion of the maxillary
molars. It has been suggested that intrusion of
both upper and lower molars is necessary in patients with severe open bites.9,13 In this patient,
however, because eruption of the upper molars
was controlled during treatment, the entire compensatory eruption of the posterior teeth occurred
in the mandibular arch. Moreover, since a successful outcome was observed after maxillary
intrusion, the lower molars did not need to be
intruded or maintained with skeletal anchorage.
A more notable projection of the mandible, in
conjunction with less maxillary molar intrusion,
might have been achieved with the incorporation
of mandibular TADs.
Soft-tissue changes following maxillary intrusion resulted in a significant enhancement of
this patient’s smile esthetics. Lip incompetency
was improved by the counterclockwise rotation of
the mandible, and gingival display was reduced as
the upper anterior teeth were intruded. In a
non-growing patient, any long-term soft-tissue relapse after intrusion would be expected to be clinically insignificant.14

Conclusion
This case demonstrates that close monitoring
of vertical growth during orthodontic treatment can
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play a pivotal role in achieving esthetic treatment
results. Intrusion of the entire maxillary dentition
using palatal TADs can be a viable treatment option to address the skeletal and soft-tissue problems
associated with a hyperdivergent growth pattern.
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