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Class Il malocclusion treatment using
high-pull headgear with a splint: A systematic review

Helder B. Jacob!, Peter H. Buschang?, Ary dos Santos-Pinto*

Objective: To systematically review the scientific evidence pertaining to the effectiveness of high-pull headgear in
growing Class II subjects.

Methods: A literature survey was performed by electronic database search. The survey covered the period from
January 1966 to December 2008 and used Medical Subject Headings (MeSH). Articles were initially selected based
on their titles and abstracts; the full articles were then retrieved. The inclusion criteria included growing subjects be-
tween 8 to 15 years of age, Class I malocclusion treatment with high-pull headgear, and a control group with Class I1
malocclusion. References from selected articles were hand-searched for additional publications. Selected studies were

evaluated methodologically.

Results: Four articles were selected; none were randomized controlled trials. All of the articles clearly formulated
their objectives and used appropriate measures. The studies showed that high-pull headgear treatment improves skel-
etal and dental relationship, distal displacement of the maxilla, vertical eruption control and upper molars distalization.
One of the studies showed a slight clockwise rotation of the palatal plane; the others showed no significant treatment

effect. The mandible was not aftected by the treatment.
Conclusion: While there is still a lack of strong evidence demonstrating the effects of high-pull headgear with a splint,
other studies indicate that the AP relations improve due to distalization of the maxilla and upper molars, with little or no

treatment effects in the mandible. Greater attention to the design should be given to improve the quality of such trials.
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INTRODUCTION

Class I malocclusion can be dental and/or skel-
etal, involving mandibular deficiency, maxillary
excess, or a combination of both."* Hyperdiver-
gent patients with Class II malocclusion typically
present with numerous three-dimensional skel-
etal and dental problems.® They exhibit retrogna-
thic mandibles,* long anterior facial heights,® large
mandibular plane angle,* large gonial angles,” and
greater than average anterior facial height ratio.>*’
Dentally, they often present with open bite” and
overerupted incisors and molars in both arches.?

Orthodontists have attempted to address the
vertical dimension of growing hyperdivergent pa-
tients in various ways (e.g. bite-blocks, extraction
therapy, vertical-pull chin, etc.), with high-pull
headgear being perhaps the most common ap-
proach. The use of extraoral high-pull forces to
modify maxilla growth has a long history. The
type of extraoral traction device, as well as the
magnitude of force applied and the direction of
pull, have been shown to be important consid-
erations.™” High-pull headgear has been shown
to modify maxillary growth;"" when attached to
a splint directs maxillary growth towards a more
posterosuperior direction.'™'? To date, the treat-
ment effects of high-pull headgear have not been
systematically studied.

The purpose of this study was to systematical-
ly review clinical studies that have evaluated how
high-pull headgear treatment with a splint affects
growing Class II hyperdivergent patients. The re-
view will foccused on:

» Changes in the amount and direction of skel-

etal growth.

» Control of maxillary and mandibular molar

eruption.

» Improvements of the vertical and AP skeletal

relationship.

MATERIAL AND METHODS

In order to identify all studies that examined treat-
ment with high-pull headgear in patients with Class
II malocclusion, a literature survey was performed
using PubMed and Scopus databases. The survey
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covered the period from January 1966 to December
2008. Using the Medical Subject Heading (MeSH)
term “orthodontics”, crossed with the MeSH terms
“malocclusion, Class II malocclusion” and “ex-
traoral traction appliance”, a total of 442 studies
were identified. Only randomized controlled trials
(RCTs) or non-randomized controlled trials (using
untreated Class II hyperdivergent patients as con-
trols) were included (Table 1). At the first view no
distinction was made between high-pull headgear
with a maxillary splint or banded molars. The refer-
ence list of each article was hand-searched for ad-
ditional relevant publications that may have been
missed in the database searches.

Following the recommendations by Petrén et
al,’® the articles were described based on the fol-
lowing: study design, sample size, male and female
distribution, mean age of groups, type of orth-
odontic treatment, treatment duration, success,
and authors’ conclusion (Table 2).

To document the methodological soundness
of each article, a modified version of the quality
evaluation described by Antczak et al'*'® was used
(Table 3). The adequacy of sample was determined
based on post-hoc power analyses of the primary
variable used in each study to evaluate the AP
treatment effects on the maxilla. The total qual-
ity score was based on assigning 1 point for each
“Yes” in the Table, zero points for each “No”, and
1 point for each controlled clinical trial (CCT).
Prospective and retrospective studies were given
one and zero points, respectively. The total num-
ber of points possible was 10.

Modified pitchfork diagrams were used to sum-
marize the rotations, displacements and tooth
movements associated with the high-pull headgear
treatments. Rotations were based on the angular
changes of the palatal and mandibular planes. The
horizontal and vertical displacements of the max-
illa and mandible were based on cranial base su-
perimpositions. Tooth migration and eruption was
based on maxillary and mandibular superimposi-
tions. Estimates were based on averages of the four
studies that provided tooth movements based on
maxillary and mandibular superimpositions.

Dental Press J Orthod. 2013 Mar-Apr;18(2):21.e1-7



Table 1 - Inclusion and exclusion criteria used to select the articles.

Inclusion criteria

Exclusion criteria
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Meta-analyses, randomized clinical trials, prospective and retrospective studies
Articles published from January 1966 and December 2008

Studies with Class Il malocclusion

Studies with growing patients 8-15 years

Studies with extraoral high-pull headgear, using maxillary splints or banded
molars

Cephalometric data provided

Case reports, case series, descriptive studies, opinion articles or abstracts

Studies with casts

Not human studies or laboratorial studies
Adjunctive treatments

Full or partially banded appliances
Subjects with TMJ diseases

No control group or control group with normal malocclusion

Table 2 - Summarized data of the studies included in the review.

Treatment
Success

duration

Authors’ conclusion

Authors Study Sample Orthodontic
and year design size treatment
HG:
M=10.23(y) )
Caldwell Maxillary
47 HG HG: 45% F=10.19(y) .
et al®? CCT splint
52 CG CG: 52% CG: )
(1984) appliance
M=10.36(y)
F=10.21(y)
_ HG: _
Martins Maxillary
17 HG HG: 24% 8.61(y) )
etal’® CCT . splint
17 CG CG: 47% CG: :
(2008) appliance
8.9(y)
HG: )
Orton Maxillary
26 HG HG: 42% 114(y) )
etal®® CCT splint
26 CG CG: 42% CG: )
(1992) appliance
11(y)
. . HG: :
Uner, Yucel- Maxillary
) 13 HG HG: 46% 10.76y )
Eroglu®® CCT 5 splint
13 CG CG: 46% CG: )
(1996) appliance
10.39(y)

Between Not declared
4 and 20(m) (100% - implicit)
HG:
1.70(y) Not declared
CG: (100% - implicit)
140(y)
HG:
11y) Not declared
CG: (100% - implicit)
1.7(y)
HG:
11.00(m) .
cc: 84%
11.31(m)

The maxillary dentition was both
tipped and displaced distally, and
downward development was
inhibited or even slightly reversed

The HG corrected the Class |l
primarily by dentoalveolar
changes

Slight maxillary restraint in both
sagittal and vertical planes was
obtained showing that principal
effect was in the maxillary teeth

The HG revealed that the
splint had both orthopedic and
orthodontic effects on the growth
pattern of the dentoskeletal
structures

Table 3 - Quality evaluation of the 6 selected studies (CCT: control clinical trial).

Auth Objective Adequacy Adequate Appropriate  Retrospective Appropriate Description of e Quality
uthors ]
clearly of selection sample  measurement /prospective statistical method error score /
and year o . : : measurement
formulated description size method study analysis analysis total
Caldwell et al®? .
Yes CCT No Yes Yes Retrospective No No No 4
(1984)
Martins et al’® .
Yes CCT Yes Yes Yes Prospective Yes Yes No 7
(2008)
Orton et al® .
Yes CCT Yes Yes Yes Retrospective Yes No No 6
(1992)
Uner,
Yicel-Eroglu®® Yes CCT Yes Yes Yes Retrospective Yes Yes No 7
(1996)
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RESULTS

Based on the information provided in the titles
and abstracts of the 442 articles identified, 17 of
the studies were pre-selected (Fig 1). The main
reasons for exclusion were: Different types of ap-
pliances used (e.g. high-pull headgear associated
with functional appliance or bonded brackets), the
direction of force application (cervical or combi-
nation traction), no cephalometric data provided,
and case reports. Of the 17 studies identified, only
4 used untreated Class II control.'2!8-2

Sample sizes of the treatment groups ranged from
13 to 47, with comparable numbers of controls (Ta-
ble 2). While the sex ratio ranged from 24 to 46%
of males, none of the studies analyzed sex differ-
ences. Pretreatment ages and treatment durations
ranged from 8.6 to 11.4 years and 4 to 20 months,
respectively. All four selected studies compared
maxillary orthopedic splint versus no treatment.

Potentially relevant Reason for exclusion of trials:

trials identified and « Case reports, opinion articles, case series.
screened for retrieval « Studies with casts
(n = 442) « Studies in adults.
¢7 » No human studies or laboratorial studies.
« Appliances used were not appropriate for

Potentially

study.

appropriate trials to « Subjects with TMJ diseases.

be included in the

review (n = 17)
Reasons for exclusion of trials:
» No untreated Class Il group control.

Trials included in the

review
(n=4)

Figure 1 - Flow diagram summarizing literature search.
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Three of the studies implied a 100% success
Class II correction; the Uner and Yiicel-Eroglu®
study reported an 84% success rate.

The quality evaluation scores of the four stud-
ies ranged from 4 to 7 (Table 2). None of the articles
were RCT; all studies were controlled clinical trials.
None of the articles blinded the measurement pro-
cess. Only one of the studies was prospective and only
two described the methods used for the error analysis.
Three of the studies adequately described the selection
of their subjects and three used appropriate statistical
techniques. All of the articles clearly formulated their
objectives and all used appropriate measures.

Treatment effects produced by
high-pull headgear

Treatments consistently improved the AP skel-
etal relationships (with the ANB angle decreas-
ing from 0.9 to 1.5 degrees and the Wits de-
creasing from 0.6 to 1.5 mm), decreased overjet
(2.6 to 6.5 mm), and corrected the Class IT maloc-
clusions (Table 4).

Maxillary treatment effects

Although the studies used different criteria to
measure the anteroposterior displacement, they all
reported statistically significant posterior displace-
ment of the maxilla (ranging from 0.1 to 0.5 mm)
for the treated group, versus anterior displacement
for the untreated controls (Fig 2). Of the three stud-
ies that evaluated the palatal plane angle, just one
study showed statistically significant clockwise rota-
tion between the treated and control groups (Fig 3).
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Figure 2 - Modified pitchforks of average horizontal (mm) changes reported for
(A) patient treated with headgear and (B) matched untreated controls, along
with (C) differences between high-pull headgear and controls.
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Figure 3 - Modified pitchforks of average vertical (mm) and angular (degrees)
changes reported for (A) patient treated with headgear and (B) matched untreat-
ed controls, along with (C) differences between high-pull headgear and controls.
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Table 4 - Treatment effects based on significant differences between patients and untreated controls.

Dental-mandibular
changes

Authors Antero-posterior Skeletal-mandibular

relationships

Skeletal-maxillary
changes

Dental-maxillary
changes

and year

changes

Posterior displacement; Distalized molars; Anterior displacement NS; Mesialized molar NS;

Caldwell et al? Decreased ANB;

extruded molar NS;
(1984) decreased overjet

backward rotation of intruded molars; retroclined backward mandibular

palatal plane incisor; intruded incisors rotation incisor retroclined

Mesialized molar NS;
incisor proclined NS;

Greater decreased
ANB and Wits than

Distalized molars;

Martins et al*® Posterior displacement; Anterior displacement NS;

intrusion NE;

(2008) palatal plane angle NE . o mandibular rotation NS .
expected retroclined incisors vertical NE
) Posterior displacement; Distalized molars; intruded . . Mesialized molar NS;
Orton et al? Reduction of ANB; . . o Anterior displacement NS;
. backward rotation of the molars; retroclined incisors; ) . extruded molars;
(1992) decreased overjet . o mandibular rotation NS y .
palatal plane intruded incisors incisor retroclined NS
Uner and Correction of Class |l Posterior displacement; Distalized molars; molar

Anterior displacement NS; Molar movements NS;

Ylcel-Eroglu®® molar relations;

(1996) decreased overjet

NS in palatal plane intrusion NS; proclined

mandibular rotation NS incisors retroclined

rotation incisors; intruded incisors

(NS=no significant group differences; NE=not evaluated).

All of the studies reported significant distaliza-
tion of the maxillary molar (ranging between 0.5
and 3.3 mm) and two showed maxillary molar in-
trusion (between 0.4 and 0.7 mm). The control
groups typically showed mesial drift and eruption
of the maxillary molars (Figs 2 and 3). Three stud-
ies reported statistically significant retroclination
(between 4.4 and 11.0 degrees) and intrusion of
the maxillary incisors (between 0.2 and 2.1 mm).

Treatment effects on the mandible

All four articles showed no treatment effect on
the AP position of the mandible (Fig 2). All stud-
ies evaluated the mandibular plane rotation and
reported no significant differences between the
treated and control groups (Figs 2 and 3).

All studies reported similar amounts of me-
sial movement of the mandibular molars (ranging
between 0.8 mm and 1.2 mm) for the treated and
control groups (Fig 2). Of the three studies that
evaluated the vertical movements of the molars, all
showed no treatment effects, but just one showed
relative molar extrusion (Fig 3). Of the four articles
that evaluated the incisors, three showed incisor ret-
roclination (ranging from 0.2 to 1.9 degrees), and
one showed incisor proclination (1.0 degree) with
no significant difference between both groups.
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DISCUSSION

The goal of orthopedic headgear treatment is to
correct the dental malocclusion, normalize AP skel-
etal relationships, and improve, or prevent worsen-
ing of the vertical skeletal relationships. The results
clearly showed improvement of the dental and AP
skeletal relationships. The ANB and Wits appraisal
decreased in the treated group; Class II correction
was successful in 3 of the studies. Based on the man-
dibular plane angle, the vertical skeletal relations
were generally maintained.

High-pull headgear treatment restricted the
forward growth of the maxilla. Based on SNA
changes, there was, on average, approximately 1.1
degree posterior repositioning of the maxilla in
the treated subjects, compared to slight anterior
repositioning for the untreated controls. Studies
consistently report that headgears used to correct
Class II malocclusions are generally effective in re-

directing the maxillary growth posteriorly'’2!2

or
in limiting the forward growth of the maxilla.?
High-pull headgear appears to produce a slight
clockwise rotation of the palatal plane. However, this
effect was small (less than 0.8 degrees on average)
and inconsistent across studies of high-pull headgear.
Other studies evaluating the effects of combined,

cervical or high-pull headgear have also reported a

Dental Press J Orthod. 2013 Mar-Apr;18(2):21.e1-7



lack of consistent results.'”* Clockwise rotation of
the palatal plane might be expected considering that
the headgear forces are directly through the posterior
maxilla, resulting in relatively greater inferior dis-
placement of the anterior maxilla. If the force is ap-
plied in the canine area, high-pull headgear has been
shown to decrease the palatal plane angle.**
Bowden®’ previously emphasized how impor-
tant the point of force application was for under-
standing changes of the palatal plane angle. If the
force vector passes through the center of resistance
of the maxilla, which is approximately located at
the superior and posterior part of the zygomato-

2526 no moment will be created

maxillary suture,
and no rotation should be expected. If however,
the force vector pass posterior to the center of re-
sistance, clockwise rotation of the maxilla might be
expected. The direction and moment created will
depend upon the shortest perpendicular distance
from the force vector to the center of resistance.
Dentoalveolar changes were largely responsible
for the correction of the Class II malocclusions.
The maxillary molars were moved and tipped dis-
tally. Based on the averages derived from the stud-
ies, distal molar movement accounted for approxi-
mately 2.1 mm (between 849% and 100%) of the
correction. Headgears generally maintain or move
the maxillary first molars distally.** Vertically,
high-pull headgear is used to control the vertical
movements of the maxillary molars, and may even
intrude them slightly, whereas cervical headgear has
little or no effects on vertical molar changes.!*2*%
Although, on average, the maxillary incisors
were retroclined and intruded, there was great vari-
ability (from -1.7 to -4.5 mm in horizontal direc-
tion and from -2.1 to 0.2 mm in vertical direction)
in the changes reported in the six studies evalu-
ated. The literature is also inconsistent in terms of
incisor changes for headgear studies in general.”’
The variability could be attributed to differences
in the force directions and study appliances used.
There were only very limited effects of the appli-
ance on the mandible. Mandibular sagittal changes
were effectively similar in the treated and untreated
groups. Of the studies that evaluated the AP position

of the mandible, all four reported no treatment effect.
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As such, headgear improves the sagittal intermaxillary
relationship almost exclusively by holding the maxilla.
This effect on sagittal intermaxillary relationship is in
contrast to functional appliances, which have shown
improve sagittal intermaxillary relationship with treat-
ment effects on the mandible.””* Slight clockwise
rotation of the mandible occurred in only one study,
indicating adequate vertical control. Compared with
cervical headgear, the high-pull headgear therapy ap-
pears to provide better vertical control.?’

With respect to mandibular tooth movements,
the studies showed retroclination of the incisors.
This can be explained by anterior contact of these
teeth with the acrylic splint that covers the maxil-
lary incisors, exerting a distal force on the incisors.
When upper molars are intruded with the high-
pull headgear, the lower molar extruded might be
expected in order to maintain occlusal contact.'"*
The lack of significant extrusion in the lower mo-
lars in the studies reviewed is associated with the
maxillary splints that were used, acting like a bite
block to maintain the position of the lower molars.
Treatment had no effect on the mesial movements
of the mandible molars.

CONCLUSION

While there is a lack of strong evidence dem-
onstrating the effects of high-pull headgear with
a splint, based on the information provided in this
systematic review of four clinically controlled tri-
als evaluating the effects of high-pull headgear on
subjects with Class II malocclusions, the following
conclusions could be drawn:

1. High-pull headgear displaced the maxilla
posteriorly and slightly rotated the palatal
plane clockwise.

2. The upper molars were distalized and the
vertical position was maintained by high-
pull headgear. Treatment eftects on the low-
er incisors were inconsistent.

3. High-pull headgear treatment consistently
improved the AP skeletal relationships, but
not the vertical skeletal relationships.

4. Greater attention to the design and report of
studies should be given to improve the qual-
ity of such trials.
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