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arly Timely Treatment of Class III Malocclusion
eter Ngan

The protraction facemask has been widely used in the treatment of Class III malocclusion
with maxillary deficiencies. However, the benefit of this early treatment modality is not
clear. One of the reasons orthodontists are reluctant to render early orthopedic treatment
in Class III patients is the inability to predict mandibular growth. The use of a single
cephalometric radiograph to predict excessive mandibular growth has severe limitations.
The use of serial cephalometric radiographs taken a few years after facemask treatment,
and a Growth Treatment Response Vector (GTRV) analysis to individualize and enhance the
accuracy in predicting excessive mandibular growth, is presented and proposed. This
article discusses the rationale for early “timely” treatment of Class III malocclusion, the
indications and contraindications for early Class III treatment, and provides a method of
predicting excessive mandibular growth using the GTRV analysis.
Semin Orthod 11:140–145 © 2005 Elsevier Inc. All rights reserved.
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he occurrence of Class III malocclusion is believed to be
hereditary although environmental factors such as habits

nd mouth breathing may play a role.1,2 The prevalence of
lass III malocclusion varies among different ethnic groups.
he incidence in Caucasians ranges between 1% and 4%
epending on the method of classifying the malocclusion and
he age group evaluated.3-5 In Asian societies, the frequency
f Class III malocclusions is higher due to a large percentage
f patients with maxillary deficiency. The incidence ranges
etween 4% and 5% among the Japanese and 4% and 14%
mong the Chinese.6,7

Individuals with Class III malocclusion may have combi-
ations of skeletal and dentoalveolar components. According
o Guyer and coworkers, 57% of the patients with either a
ormal or prognathic mandible showed a deficiency in the
axilla.8 Protraction facemask therapy has been advocated in

he treatment of Class III patients with maxillary defi-
iency.9-11 The dental and skeletal effects of this appliance are
ell documented in the literature.12-16 However, one of the

easons orthodontists are reluctant to render early orthope-
ic treatment in Class III patients is the inability to predict
andibular growth.17 Patients who have received early or-

hopedic treatment could still require surgical treatment at
he end of the growth period. The ability to identify Class III
atients with excessive mandibular growth at an early age
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ould help orthodontists to plan for future orthodontic care.
he use of a single cephalometric radiograph to predict man-
ibular growth has limitations. Discriminant analysis from

ong-term results of early treatment identified several cepha-
ometric variables such as the position of the mandible, cor-
us length, gonial angle, and ramal height that have predic-
ive values.18-20 However, these predictive formulae are better
n predicting successful outcomes than unsuccessful out-
omes.

ationale for Early
imely Treatment of
lass III Malocclusions

he objective of early orthodontic treatment is to create an
nvironment in which a more favorable dentofacial develop-
ent can occur.21 The goals of early Class III treatment may

nclude the following:

1. To prevent progressive irreversible soft tissue or bony
changes. Class III malocclusion is often accompanied
with an anterior crossbite. Uncorrected anterior cross-
bite may lead to abnormal wear of the lower incisors,
dental compensation of mandibular incisors, leading to
thinning of the labial alveolar plate and/or gingival re-
cession.22

2. To improve skeletal discrepancies and provide a more
favorable environment for future growth. Excessive
mandibular growth is often accompanied by dental
compensation of the mandibular incisors. Early ortho-

pedic treatment using facemask or chin cup therapy
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Class III malocclusion 141
improves the skeletal relationships, which in turn min-
imize excessive dental compensation such as overclo-
sure of the mandible and retroclination of the mandib-
ular incisors.

3. To improve occlusal function. Class III malocclusion
with an anterior crossbite is often accompanied by a
functional shift. Early orthopedic treatment may help
in eliminating centric occlusion/centric relation (CO/
CR) discrepancies and avoid adverse growth potential.

4. To simplify phase II comprehensive treatment. In mild
and moderate Class III patients, early orthodontic or
orthopedic treatment may eliminate the necessity for
orthognathic surgery treatment. Even if surgery is even-
tually needed, early correction of the transverse dimen-
sion and maximizing the growth potential of the max-
illa may minimize the extent of the surgical procedures.

5. To provide more pleasing facial esthetics, thus improv-
ing the psychosocial development of a child.23 Studies
have shown that treatment with facemask and/or chin
cap improves lip posture and facial appearance.24,25

ndications and
ontraindications

or Early Class III Treatment
urpin developed a list of positive and negative factors to aid

n deciding when to intercept a developing Class III maloc-
lusion.26 The positive factors include good facial esthetics,
ild skeletal disharmony, no familial prognathism, presence

f anteroposterior functional shift, convergent facial type,
ymmetric condylar growth, and growing patients with ex-
ected good cooperation. The negative factors include poor
acial esthetics, severe skeletal disharmony, familial pattern
stablished, no anteroposterior shift, divergent facial type,
symmetric condylar growth, growth complete, and poor
ooperation. Turpin recommends that early treatment
hould be considered for a patient that presents with positive
haracteristics. For individuals who present with negative
haracteristics, treatment can be delayed until growth is com-
leted.26 Patients should be aware that surgery may be
eeded at a later date, even when an initial phase of treatment
ay be successful.

arly Treatment of
keletal Class III Malocclusions
hin Cup Therapy

keletal malocclusion with a relatively normal maxilla and a
oderately protrusive mandible may be treated with the use

f a chin cup. This treatment modality is popular among the
sian population because of its favorable effects on the sag-

ttal and vertical dimensions. The objective of early treatment
ith the use of a chin cup is to provide growth inhibition or

edirection and posterior positioning of the mandible.
The orthopedic effects of a chin cup on the mandible in-
lude redirection of mandibular growth vertically, backward o
epositioning (rotation) of the mandible, and remodeling of
he mandible with closure of the gonial angle. To date, there
s no agreement in the literature as to whether chin cup
herapy may or may not inhibit the growth of the mandi-
le.27-29 However, chin cup therapy has been shown to pro-
uce a change in the mandible associated with a downward
nd backward rotation and a decrease in the angle of the
andible.28-31 In addition, there is less incremental increase

n mandibular length together with posterior movement of
he mandible. Because of the backward mandibular rotation
f the mandible, control of vertical growth is difficult to man-
ge, especially in long-face patients.

Chin cups are divided into two types: the occipital-pull
hin cup that is used for patients with mandibular protrusion
nd the vertical-pull chin cup that is used in patients present-
ng with a steep mandibular plane angle and excessive ante-
ior facial height. Most of the reported studies recommended
n orthopedic force of 300 to 500 g per side.6,32,33 Patients are
nstructed to wear the appliance 14 hours per day. The or-
hopedic force is usually directed either through the condyle
r below the condyle.
Evidence suggests that treatment of mandibular protru-

ion is more successful when it is started in the primary or
arly mixed dentition.30,32,34 The treatment time varies from 1
ear to as long as 4 years, depending on the severity of the
alocclusion. The stability of chin cup treatment remains
nclear. Several investigators reported a tendency to return
o the original growth pattern after the chin cup is discontin-
ed.33,36 Sugawara and coworkers published a report on the

ong-term effects of the chin cup on three groups of Japanese
irls who started treatment at 7, 9, and 11 years of age.35 The
uthors found that patients who started at an early age had a
atch-up mandibular displacement in a forward and down-
ard direction before growth was completed. However, sev-

ral investigators believe that early correction of anterior
rossbite reinforces the horizontal growth of the maxilla and
revents deterioration of horizontal jaw relationships.33,34

rotraction Facemask Therapy
he protraction facemask has been used in the treatment of
atients with Class III malocclusions and a maxillary defi-
iency. The facemask has an adjustable anterior wire that can
ccommodate a downward and forward pull on the maxilla
ith elastics. To minimize the tipping of the palatal plane, the
rotraction elastics are attached near the maxillary canines
ith a downward and forward pull of 30° from the occlusal
lane.11,12 Maxillary protraction usually requires 300 to 600 g
f force per side, depending on the age of the patient. Patients
re instructed to wear the appliance for 12 hours per day.

In the mixed dentition, a banded or bonded expansion
ppliance can be fabricated as anchorage for maxillary pro-
raction. The expansion appliance is activated twice daily
0.25 mm per turn) by the patient or parent for 7 to 10 days.
n patients with a more constricted maxilla, activation of the
ppliance is performed for 2 weeks or more.

Several facial sutures play an important role in the devel-

pment of the nasomaxillary complex (frontomaxillary,
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142 P. Ngan
asomaxillary, zygomaticotemporal, zygomaticomaxillary,
terygopalatine, intermaxillary, ethmomaxillary, and the lac-
imomaxillary sutures). Animal studies have shown that the
axillary complex can be displaced anteriorly with signifi-

ant changes in these facial sutures.36-38 Maxillary protrac-
ion, however, does not always result in forward movement
f the maxilla. With the same line of force, different midfacial
ones were displaced in different directions depending on
he moments of force generated at the sutures.38 The center of
esistance of the maxilla was found to be located at the distal
ontacts of the maxillary first molars one half the distances
rom the functional occlusal plane to the inferior border of
he orbit.39 Protraction of the maxilla below the center of
esistance produces counterclockwise rotation of the maxilla,
hich may not be favorable for patients with an open bite

endency.40

Clinically, anterior crossbite can be corrected with 3 to 4
onths of maxillary expansion and protraction depending

n the severity of the malocclusion. Improvement in overbite
nd molar relationship can be expected with an additional 4
o 6 months of treatment. In a prospective clinical trial, over-
et correction was found to be the result of forward maxillary

ovement (31%), backward movement of the mandible
21%), labial movement of the maxillary incisors (28%), and
ingual movement of the mandibular incisors (20%).41 Over-
orrection of the overjet and molar relationship was highly
ecommended in anticipation of unfavorable mandibular
rowth. Overbite was improved by eruption of the posterior
eeth. The total facial height was increased by inferior move-
ent of the maxilla and downward and backward rotation of

he mandible.
The question arises as to when is the best time to start

rotraction facemask treatment. The main objective of early
acemask treatment is to enhance forward displacement of
he maxilla by sutural growth. It has been shown by Melsen
n her histological findings that the midpalatal suture was
road and smooth during the “infantile” stage (8 to 10 years
f age) and the suture became more squamous and overlap-
ing in the “juvenile” stage (10 to 13 years).42,43 Clinically,
tudies have shown that maxillary protraction was effective in
he primary, mixed as well as early permanent dentitions.
everal studies suggested that a greater degree of anterior
axillary displacement can be found when treatment was

nitiated in the primary or early mixed dentition.14,44 The
ptimal time to intervene a Class III malocclusion is at the
ime of the initial eruption of the maxillary incisors. A posi-
ive overjet and overbite at the end of the facemask treatment
ppears to maintain the anterior occlusion. Biologically, the
ircummaxillary sutures are smooth and broad before age 8
nd become more heavily interdigitated around puberty.42

Another question is whether early treatment can sustain
ubsequent mandibular growth during pubertal growth
purt. In a prospective clinical trial, protraction facemask
reatment starting in the mixed dentition was found to be
table 2 years after the removal of the appliances.12 This is
robably due to the overcorrection and the use of a functional
ppliance as retainer for 1 year. When these patients were

ollowed for another 2 years 15 of the 20 patients maintained t
positive overjet.41 In patients who relapsed back to a nega-
ive overjet, the mandible outgrew the maxilla in the horizon-
al direction. When these patients were followed for another
years (8 years after treatment until about 17.5 years of age),
4 of 20 patients (67%) maintained a positive overjet.45 For
he patients who relapsed back into a reverse overjet, the
andible outgrew the maxilla by four times, compared with

wice that in the stable group. These results suggest that in a
andom clinical trial when patients are followed until after
ompletion of pubertal growth, two of three patients or 67%
ill have a favorable outcome. About one third of the patients
ight be candidates for orthognathic surgery later in life

ecause of an unfavorable growth pattern. In an implant
tudy, Bjork and Skieller examined the normal and abnormal
rowth of the mandible found that condylar growth does not
ollow a circular or logarithmic spiral course.47 It is charac-
erized by individual variations both in the rate and growth
irection. In addition, the rotation of the maxilla also varied
rom child to adulthood. This then raises the question as to
hether it is possible to predict excess mandibular growth.

rowth Prediction of
lass III Malocclusion

everal investigators have attempted to predict the progres-
ion of Class III malocclusions.18,20,31,47-49 Schulhof and asso-
iates compared several morphological characteristics of
lass III patients with the norm (molar relationship, cranial
eflection, porion location, and ramus positions).47 Using the
ocky Mountain Data System47 (Sherman Oaks, CA), if the
um of the deviations is greater than four, the computer
arns the orthodontist of excessive mandibular growth. The

ccuracy of prediction is around 70% to 80%. Mito and co-
orkers suggested the use of cervical vertebral bone age to
redict mandibular growth potential.48 The authors noted
hat this method is only useful in skeletal Class I patients with
verage growth pattern. Discriminant analysis of long-term
esults of early treatment identified several variables that had
redictive values. Franchi and coworkers found the inclina-
ion of the condylar head, the maxillomandibular vertical
elationship together with the width of the mandibular arch,
ould predict success or failure of early treatment.18 Ghiz and
oworkers found that the position of the mandible, the ramal
ength, the corpus length, and the gonial angle can predict
uccessful outcomes with 95% degree of accuracy.20 How-
ver, using a single cephalogram, the prediction formula can
nly accurately diagnose unsuccessful cases with only a 70%
egree of accuracy. The present author proposes the use of
erial cephalometric radiographs of patients taken a few years
part after facemask treatment and the use of a Growth Treat-
ent Response Vector analysis to individualize and enhance

he success of predicting excessive mandibular growth in
lass III patients. The diagnostic procedure is usually per-

ormed during the early mixed dentition once a patient is
iagnosed with maxillary deficiency. The patient will then be
reated with maxillary expansion and a protraction facemask

o eliminate the anterior crossbite, CO/CR discrepancy, and
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Class III malocclusion 143
aximize the growth potential of the nasomaxillary complex.
he patient is followed for 3 to 4 years for growth observa-

ion. A GTRV analysis will then be performed during the
arly permanent dentition to allow clinicians to decide
hether the malocclusion can be camouflaged by orthodon-

ic treatment or whether a surgical intervention is necessary
hen growth is completed.

rowth Treatment
esponse Vector (GTRV) Analysis
atients who presented with a Class III malocclusion and
axillary deficiency were treated with maxillary expansion

nd protraction facemask to eliminate anterior crossbite,
O/CR discrepancy, and maximize the growth potential of

he nasomaxillary complex. Lateral cephalometric radio-
raphs were taken after facemask treatment (Fig 1) and dur-
ng the 3- to 4-year follow-up visit (Fig 2). The horizontal
rowth changes of the maxilla and mandible between the
osttreatment radiograph and the follow-up radiograph are

igure 1 Lateral cephalometric radiograph of patient with Class III
alocclusion immediately after protraction facemask treatment.

igure 2 Lateral cephalometric radiograph of the same patient 3.8

hears following protraction facemask treatment.
etermined by locating the A point and B point on the post-
reatment radiograph (Fig 3). The occlusal plane (O) is con-
tructed by using the mesial buccal cusp of the maxillary
olars and the incisal tip of the maxillary incisors as land-
arks. The lines AO and BO are then constructed by con-
ecting point A and B perpendicular to the occlusal plane
imilar to the “Wits” analysis.49

The first tracing is superimposed on the follow-up radio-
raph using the stable landmarks on the midsagittal cranial
tructure46 (Fig 4). The A point and B point on the follow-up
adiograph are located and the lines AO and BO are then
onstructed by connecting point A and point B of the fol-
ow-up radiograph to the occlusal plane of the first tracing.
he distance between the A point of the two tracings along

he occlusal plane represented the growth changes of the
axilla and the distance on the occlusal plane of the B point

f the two tracings represented the growth changes of the
andible.
The GTRV ratio was calculated by using the following

ormula:

GTRV �
Horizontal growth changes of the maxilla

Horizontal growth changes of the mandible

The arrows show the growth vector of the maxilla and the
andible after facemask treatment (Fig 4). Clinicians can

ompare the growth changes of their Class III patients with
he normal skeletal growth pattern derived from the Bolton
rowth Study (Fig 5). The GTRV ratio of an individual with
ormal growth pattern from age 8 to 16 is calculated to be
.77. That means the mandible usually exceed the maxilla in

igure 3 The horizontal growth changes of the maxilla and the man-
ible between the posttreatment radiograph and the follow-up ra-
iograph were determined by locating the A point and B point on
he first radiograph. The occlusal plane (O) was constructed by
sing the mesial buccal cusp of the maxillary molars and the incisal
ip of the maxillary incisors as landmarks. The line AO and BO were
hen constructed by connecting A and B point perpendicular to the
cclusal plane.
orizontal growth by 23% to maintain a good skeletal rela-
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144 P. Ngan
ionship. What about in patients with Class III growth pat-
ern?

A study on 20 patients who were successfully treated with
acemask therapy and 20 patients who were unsuccessfully
reated with facemask therapy indicated that the GTRV ratio
f the successful and unsuccessful groups were significantly
ifferent from each other (P � 0.05).50 The mean GTRV ratio
or the successful group was 0.49 � 0.14 with a range of 0.33
o 0.88. The mandible outgrowth the maxilla by 51% during
his observation period compared with 23% for individuals
ith normal skeletal growth pattern. The mean GTRV ratio

or the unsuccessful group was 0.22 � 0.10 with a range of
.06 to 0.38. The mandible exceed the maxilla in growth by
8% compared with 23% for individuals with normal skele-
al growth pattern. These results suggest that Class III pa-
ients with maxillary deficiency and a GTRV ratio that falls
etween 0.33 and 0.88 can be successfully camouflaged with
rthodontic treatment. Class III patients with excessive man-
ibular growth together with a GTRV ratio that falls below
.38 should be warned of the future need for orthognathic
urgery.

onclusions
t has been shown that in a random clinical trial when pa-
ients are followed until after completion of pubertal growth,
ne out of three patients may be candidates for orthognathic
urgery later in life because of an unfavorable growth pattern.
arly treatment of Class III patients with maxillary deficiency
sing appliances such as the protraction facemask can be
sed to eliminate anterior crossbite, CO/CR discrepancy, and
aximize the growth potential of the nasomaxillary complex.

n addition, it can be used together with the GTRV analysis as
tool to help clinicians in predicting patients with excessive
andibular growth that may not be able to be camouflaged

igure 4 The first tracing was superimposed on the follow-up radio-
raph by using the stable landmarks on the midsagittal cranial struc-
ure. The distance between the A point of the two tracings along the
cclusal plane represented the growth changes of the maxilla and
he distance on the occlusal plane of the B point represented the
rowth changes of the mandible. GTRV ratio was then calculated by

sing the formula as depicted in the text.
ith orthodontic treatment. Protraction facemask treatment
s ideally performed in the early mixed dentition. A follow-up
ateral cephalogram can be taken 2 to 3 years after comple-
ion of protraction facemask treatment to determine the hor-
zontal growth of the maxilla and the mandible as well as the
rowth vector or direction. The Growth Treatment Response
ector (GTRV) ratio calculated during the early permanent
entition period will allow clinicians to inform patients
hether malocclusion can be camouflaged with orthodontic

reatment or if surgical treatment will be required at a later
ge.10
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