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osteotomy with maxillary impaction 
and a mandibular bilateral sagittal 
split osteotomy. With recent advanc-
es in the use of skeletal anchorage, 
however, double-arch intrusion has 
become an alternative to surgery, 
producing a favorable counter-
clockwise rotation of the mandible 
and thus increasing chin projection 
and enhancing the profile.1

Common clinical findings in pa-
tients with skeletal Class II 
malocclusions and hyper-

divergent growth patterns include 
excessive gingival display in smiling, 
lip incompetence, and elongated 
lower faces. To reduce gingival ex-
posure and improve facial esthetics, 
treatment often involves double-jaw 
orthognathic surgery: a Le Fort I 
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This article describes the high-pull palatal 
gear (HPPG) technique, a simple method that cre-
ates force vectors similar to those of traditional 
high-pull headgear, without the associated discom-
fort and possibility of noncompliance. In this ap-
proach, a single midpalatal miniscrew is used to 
intrude the entire maxillary dentition on a rigid 
archwire, with light forces applied directly to lin-
gual buttons on the lateral incisors. In combination 

with lower-arch intrusion anchored by bilateral 
miniscrews, the HPPG technique can be an effec-
tive alternative to surgery in the treatment of 
hyperdivergent Class II malocclusions.

The HPPG Technique
The anterior palate is a favorable site for 

skeletal anchorage because of its optimal bone 
quality and low risk of root contact. While a num-
ber of appliances with palatal miniscrews have 
shown promise in achieving various tooth move-
ments, their fabrication often requires sophisticat-
ed laboratory work.2,3 The HPPG technique in-
stead uses a single palatal miniscrew, simplifying 
preparation and enabling more accurate force di-
rection (Fig. 1A).

The precise position of the miniscrew and 
hence the line of force relative to the center of re-
sistance of the upper dentition will depend on the 
depth of the overbite, the desired change in the 
upper occlusal plane, and the planned upper-incisor 
positions.4 To promote counter clockwise rotation 
of the upper occlusal plane, an intrusive force 
should be applied in front of the center of resistance 
of the maxillary dentition. This can be accom-

KRAVITZ KEYS
	³ The HPPG technique uses a single midpalatal 

miniscrew (1.5mm × 8mm) to intrude and retract 
the maxillary dentition, much like a high-pull 
headgear.
	³ In this case, the HPPG technique, along with 

premolar extractions, was used to treat an adult 
with a hyperdivergent Class II malocclusion.
	³ An additional two miniscrews were inserted 

mesial to the lower first molars to provide intru-
sive forces, enable counterclockwise rotation 
of the mandibular plane, and improve the soft- 
tissue profile.

Fig. 1 High-pull palatal gear (HPPG) technique. A. Palatal miniscrew inserted in anterior portion of T-Zone and 
connected with elastomeric chains to lingual buttons on lateral incisors. B. Retracting lateral incisors on rigid 
archwire (above) transmits intrusion force to entire dentition; soft archwire (below) demonstrates side effects of 
force system (Cr(A) = center of resistance of anterior segment, Cr(T) = center of resistance of total arch). C. HPPG 
technique, with bilateral miniscrews inserted between lower first premolars and first molars, used for intrusion of 
both upper and lower dentitions.
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In a hyperdivergent Class II case, intrusion 
of the lower arch is often indicated to reduce low-
er facial height while preventing overintrusion of 
the upper incisors and avoiding anterior dental 
interferences. To promote clockwise rotation of 
the lower occlusal plane, more intrusion is need-
ed in the anterior than the posterior region. Api-
cally positioned lower miniscrews are inserted 
bilaterally to deliver intrusive forces in front of 
the center of resistance of the lower dentition 
(Fig. 1C).

plished by inserting a miniscrew in the anterior 
portion of the T-Zone, just behind the palatal rugae, 
where the failure rate is reported to be only 2.1%.5

Elastomeric chains are attached directly from 
the miniscrew to lingual buttons bonded to the 
lateral incisors, without extension arms, to deliver 
a reliable, vertically directed intrusive force. When 
a rigid archwire is inserted after space closure is 
nearly complete, this force can be transmitted to 
the whole arch, enabling intrusion and retraction 
of the entire maxillary dentition (Fig. 1B).

TABLE 1
CEPHALOMETRIC ANALYSIS

 Norm Pretreatment Post-Treatment

Skeletal

SNA 81.5° ± 3.5° 77.7° 77.7°

SNB 77.7° ± 3.2° 71.8° 72.9°

ANB 4.0° ± 1.8° 5.9° 4.8°

SN-MP 33.0° ± 1.8° 43.0° 39.3°

Anterior facial height 136.4mm ± 6.8mm 139.6mm 134.7mm

Lower anterior facial height 74.6mm ± 5mm 76.9mm 72.9mm

Posterior:anterior  
facial height ratio 66.0% ± 5.0% 66.0% 68.6%

Facial plane to SN 81.8° ± 1.2° 71.3° 72.9°

Y-axis 70.9° ± 3.4° 78.3° 76.7°

SN-OP 16.0° ± 2.0° 28.2° 27.5°

PP-OP 7.8° ± 4.3° 10.8° 10.1°

MP-OP 19.8° ± 4.1° 14.8° 11.8°

PP-MP 22.2° ± 4.4° 25.6° 21.9°

Dental

U1-SN 108.2° ± 5.4° 113.2° 96.3°

L1-MP 96.8° ± 6.4° 105.8° 94.5°

Soft tissue

Upper lip to E-line –1.1mm ± 2.2mm 4.6mm –1.3mm

Lower lip to E-line –0.5mm ± 2.5mm 7.8mm –1.7mm
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Fig. 2 25-year-old male patient with 
hyperdivergent Class II malocclusion, 
perioral protrusion, and excessive 
gingival display in smiling before 
treatment.
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the sagittal and vertical discrepancies would require 
correction. When the patient refused double- jaw 
orthognathic surgery, a nonsurgical approach was 
designed. The treatment plan involved extraction of 
the upper first and lower second premolars to make 
space for anterior retraction, as well as extraction 
of all third molars. The upper arch would be intrud-
ed with the HPPG technique, while bilateral mini-
screws between the lower first premolars and first 
molars would anchor intrusion of the lower arch, 
thus promoting counterclockwise rotation of the 
upper occlusal and mandibular planes.

Treatment began with the bonding of .018" 
self-ligating brackets* in both arches for an initial 
stage of leveling and alignment with sequential 
nickel titanium wires. During this phase, the up-
righting of the proclined upper incisors resulted in 
their relative extrusion and hence a steepening of 
the upper occlusal plane, necessitating more verti-
cal control at a later stage.

After five months of leveling and alignment, 
the upper first and lower second premolars were 
extracted. Space closure began on .016" × .022" 
stainless steel wires in both arches, with an anti-
bowing curve added to each wire to help prevent 
torque loss and keep the roots inside the alveolus, 
thus minimizing the risk of resorption.

Case Report
A 25-year-old male presented with the chief 

complaints of perioral protrusion and a gummy 
smile. Clinical examination showed a convex pro-
file with a retrusive mandible and a long lower 
face, along with protrusive lips and an acute naso-
labial angle (Fig. 2). The patient’s excessive gingi-
val display in smiling and pronounced mentalis 
strain upon lip closure indicated significant verti-
cal disharmony. A slight facial asymmetry was 
noted, with the maxillary dental midline deviated 
1mm to the right of the facial midline and the man-
dibular midline 1mm to the right of the maxillary 
midline. The chin was also deviated 1.5mm to the 
right of the facial midline. A Class II canine rela-
tionship was present on the right side and a Class 
I canine relationship on the left, with bilateral 
Class I molar relationships. The overjet was 4mm, 
and the overbite was 2mm.

The panoramic radiograph revealed the im-
paction of all four third molars. The patient’s over-
all periodontal status was fair. Cephalometric anal-
ysis (Table 1) indicated a skeletal Class II 
malocclusion (SNA = 77.7°, SNB = 71.8°, ANB = 
5.9°) with a high mandibular plane angle (SN-MP 
= 43°). The upper and lower incisors were pro-
clined (U1-SN = 113.2°, L1-MP = 105.8°).

To improve the appearance of the profile, both *Clippy, Tomy, Inc., Tokyo, Japan; www.tomyinc.co.jp.

Fig. 3 Gradual reduction in gingival display in smiling. A. After eight months of active treatment. B. After 12 
months. C. After 21 months.

A B C



404 JCO/JULY 2024

HIGH-PULL PALATAL GEAR TECHNIQUE

After seven months of active treatment, a 
1.5mm × 8mm midpalatal miniscrew** was insert-
ed, and elastomeric chains were attached from the 
screw to lingual buttons bonded to the upper lat-
eral incisors. Because the lateral incisors are near 
the center of resistance of the anterior segment, 
proper torque control and efficient intrusion of the 
upper anterior segment could be achieved during 
closure of the extraction spaces. The rate of space 
closure in each arch was coordinated to avoid pro-
ducing anterior interferences. Over the course of 
treatment, a gradual improvement was observed in 
the gummy smile (Fig. 3).

After 22 months of treatment, the extraction 
spaces had almost closed. The upper archwire 
was changed to .017" × .025" stainless steel to 
reduce the play between the bracket slot and wire6 
and to enable en-masse intrusion and distalization 
by the HPPG (Fig. 4). In the lower arch, tapered 
1.4mm × 6mm bilateral miniscrews*** were in-
serted between the first premolars and first mo-
lars at the level of the mucogingival junction for 
delivery of an intrusive force; the lower archwire 
was also changed to .017" × .025" stainless steel 
to enhance en-masse intrusion with the miniscrew 
anchorage.

After a total 32 months of active treatment, 
all appliances were removed. Upper and lower 

Hawley retainers were delivered to be worn full-
time for the first six months and then at night.

The patient expressed satisfaction with the 
treatment results (Fig. 5A). Class I canine and mo-
lar relationships were achieved on both sides. The 
lip protrusion and gingival display were reduced, 
and the chin projection improved considerably. 
The panoramic radiograph showed no obvious root 
resorption of the upper anterior teeth. Super-
impositions of pre- and post-treatment cephalo-
metric tracings confirmed intrusion of the entire 
maxillary and mandibular dentitions (Fig. 5B). 
The upper incisors were retracted 8mm and in-
truded 3.5mm, and the upper first molars were 
mesialized 1.5mm and intruded 1.5mm. The low-
er incisors were retracted 6mm and intruded 2mm, 
while the lower first molars were mesialized 
1.5mm and intruded 1mm. Cephalometric analysis 
(Table 1) showed counterclockwise rotation of the 
mandible, with a 3.7° reduction in the mandibular 
plane angle (SN-MP = 39.3°). B point and pogon-
ion moved upward and forward, while the ANB 
angle was reduced from 5.9° to 4.8°. The distanc-
es from the upper and lower lips to the E-line were 
brought into the normal range.

Fig. 4 After 23 months of treatment.

**A1-P, Bioray Biotech Corporation, Taipei, Taiwan; www.dental-
bio-ray.com.
***AbsoAnchor, Dentos Co., Daegu, Korea; www.dentos.co.kr.
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Fig. 5 A. Patient after 32 months of treatment. B. Superimposition of pretreatment (black) and post-treatment 
(red) cephalometric tracings.
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The patient wore the retainers as directed, 
helping to preserve a harmonious facial profile and 
stable occlusion (Fig. 6).

Discussion
Vertical maxillary excess has been a com-

mon finding in multiethnic Asian skeletal Class II 
patients seeking orthognathic surgery, with a re-
ported prevalence of 47%.7 Other than surgery, 
common methods for reducing the overjet and 
controlling the vertical dimension in hyper-

divergent Class II cases include the use of fixed 
functional appliances, high-pull headgear, and pre-
molar extractions. Heavy reliance on Class II elas-
tics is contraindicated, since they can extrude the 
lower first molars, resulting in clockwise rotation 
of the mandible.

In recent years, the availability of skeletal 
anchorage has led to the proposal of various cam-
ouflage methods for treating hyperdivergent Class 
II cases by means of miniscrew-assisted upper-arch 
intrusion.1,8-11 Although interradicular buccal mini-
screw placement is common, it increases the risk 

Fig. 6 21 months after treatment, showing stable occlusion and preservation of facial profile.
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or interferences between the upper and lower inci-
sors may also induce downward rotation of the 
mandible, worsening a retrusive chin. While the 
force system can be modified with additional an-
chorage in the incisor region, the resultant force 
can be unpredictable due to the differential forces 
and moments exerted by the anterior and posterior 
miniscrews (Fig. 7B). By contrast, the single screw 

of root contact, which is the major cause of screw 
failure and consequent treatment interruption.12 
Furthermore, with posterior positioning of buccal 
interradicular miniscrews, the line of force often 
passes below the center of resistance of the upper 
arch, resulting in clockwise rotation of the occlusal 
plane and hence extrusion of the anterior teeth and 
exacerbation of a gummy smile (Fig. 7A). Anteri-

Fig. 7 Force systems created by different miniscrew positions (Cr(A) 
= center of resistance of anterior segment, Cr(P) = center of resis-
tance of posterior segment, Cr(T) = center of resistance of total 
arch). A. Posterior buccal interradicular miniscrews can induce 
clockwise rotation of upper dentition and downward rotation of man-
dible due to occlusal interferences. B. Differential forces exerted 
by anterior and posterior miniscrews create unpredictable resultant 
force, which can be exerted in front of (blue arrows) or behind (red 
arrows) anterior segment’s center of resistance. C. HPPG technique 
exerts force closer to center of resistance of anterior segment, in 
front of center of resistance of entire maxillary dentition.
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used in the HPPG technique delivers a force clos-
er to the center of resistance of the anterior seg-
ment, with more predictable results (Fig. 7C).

The center of resistance is not a fixed point; 
it moves during space closure. In a finite-element 
study by Song and colleagues, the upper incisors 
tended to extrude below the original occlusal plane 
during the initial closure of premolar-extraction 
spaces, promoting clockwise rotation of the upper 
occlusal plane regardless of screw position.13 Once 
the extraction spaces were nearly closed, however, 
a higher miniscrew position—as used in the HPPG 
technique—delivered the more vertically directed 
force needed for counterclockwise rotation of the 
upper occlusal plane. The entire maxillary arch 
can thus be intruded above the original occlusal 
plane, with more intrusion at the incisors and less 
in the molar regions.

By enabling careful control of sagittal and 
vertical movements, a combination of the HPPG 
technique and mandibular miniscrews can correct 
the pitch of the occlusal plane,14 producing a pleas-
ant profile and improved smile esthetics in a hyper-
divergent Class II patient.
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