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he Role of the Headgear in Growth
odification

am S. Nanda and Tarisai C. Dandajena

A review of the literature reveals that the use of a cervical facebow headgear

can modify growth of the maxilla. Orthopedic forces that may be employed

with headgears not only distalize the molars but may have a restraining

effect on growth at the maxillary sutures. Short-term use of the headgear

may not produce a sustained growth modification. There is also the

“catch-up effect ” once the headgear has been discontinued. Our research

has shown that the negative effects attributed to the cervical headgear, such

as the downward tipping of the palatal, occlusal, and mandibular planes that

may increase the facial convexity and lower anterior facial height, may be

avoided or attenuated if the outer facebow is adjusted alternately up and

down in relation to the occlusal plane during the treatment. In the treatment

of Class II malocclusions, the use of cervical pull headgear deserves special

consideration because when used appropriately, it is a reliable method of

molar distalization and restraining of maxillary growth without collateral

negative effects. However, patient cooperation is an important issue that

requires both patient motivation and parental involvement. (Semin Orthod
2006;12:25-33.) © 2006 Elsevier Inc. All rights reserved.
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lass II Division 1 (Class II-1) presents as one
of the most common skeletal or dental de-

ormities that the orthodontist is routinely chal-
enged to manage. While the dental Class II

alocclusion can be effectively treated with ex-
ractions, correction of the skeletal Class II de-
ormity may require other approaches that in-
lude orthopedic restraint of maxillary growth
nd enhancement of mandibular growth in ad-
lescent patients and orthognathic surgery in
dults.

Orthopedic restraint of maxillary growth can
e achieved by extraoral traction using facebow
eadgear. The headgear has been used for Class
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I correction since the 19th century.1,2 Its use
as briefly abandoned in the early 20th century
ith the introduction of intermaxillary elastics.
his was not because the headgear was ineffec-

ive, but was considered an unnecessary com-
lexity.

The introduction of cephalometrics to orth-
dontics has helped clinicians to evaluate the re-
ults achieved from headgear usage effectively.3,4

uch comprehensive documentation using cepha-
ometric data started to appear in the 1940s.5 Dr.
ilas Kloehn was one of the early advocates when
e demonstrated successful results from cervical
eadgear use.6 Since then, a variety of headgear
pplications have been recommended to treat
ifferent malocclusions.

Some questions have been raised concerning
he effectiveness of the headgear and these in-
lude type of movement achieved and how the
eadgear affects craniofacial sutures, possibility
f catch-up growth on removal of the restraining
orce, and stability of the skeletal component
nd that of the retracted molars. Another impor-
ant question that has been asked is how ortho-

edic force to the maxilla may affect mandibular
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26 Nanda and Dandajena
rowth. These questions are to be addressed in
he discussion that follows.

keletal Changes and Evaluation of
rthopedic Changes

hile it is accepted that distal movement of
axillary molars can be achieved by use of the
eadgear, it is also true that the maxillary tuber-
sity is appositional during growth. Maxillary
rowth is described as downward and forward.7

he anterior aspect of the maxilla is resorptive
nd the posterior is appositional, and it is the
rowth from the posterior portion that in part
esults in the downward and forward growth.
ooking at this growth prospective, the follow-

ng questions may be asked: When forces are
pplied through the molars, are these teeth
oved distal or are they held at the same posi-

ion during growth? Which components of the
axillofacial complex are most affected by head-

ear use?
Due to the difficulty associated with making

ltimate determinations in living beings, holo-
raphic and finite element studies have been
onducted to elucidate if the forces applied
hrough the maxillary first molars are transmit-
ed to the rest of the maxillofacial complex.8

lso, animal studies on monkeys have been con-
ucted to determine headgear effects to the
axilla.9,10 The holographic, finite element and

nimal studies have shown that the forces ap-
lied through the maxillary molars can be ab-
orbed by the different sutural articulations of
he maxilla, temporal, zygomatic, and sphenoid
ones. These forces are distributed as vertical
nd horizontal stresses. The vertical forces result
n shear stress and the horizontal forces are
bsorbed as normal forces.8

The SNA angle presents an easy way to eval-
ate the position of the maxilla and sella-nasion

ength (SN) is a measure of anterior cranial base
ength. Studies conducted during maximum
rowth periods have shown an increase in cra-
ial base length (SN length) during treatment
nd a reduction in SNA angle during use of the
eadgear.11,12 However, there is limited discus-
ion as to how this reduction occurs: either as a
esult of maxillary restraint, resorption at
-point due to distal movement of the maxillary
nterior teeth, or lengthening of the cranial

ase. The effective change in maxillary length h
hat has not been discussed extensively is impor-
ant because A-point is a dentoalveolar landmark
nd can be affected by dental movements.13-15 It
s not a true reflection of absolute maxillary
osition. It is the authors’ opinion that ANS
ould be a more reliable landmark for measure-
ent of maxillary length. Location of ANS can

e difficult, however, and one requires good
ephalograms to accurately visualize that ana-
omic landmark.

The palatal plane is a reliable reference plane
ince its inclination to the cranial base changes
ery little during growth.16,17 It has been ob-
erved that the palatal plane tips down to a more
orizontal position during use of the head-
ear.18-20 This is due to its clockwise rotation,
hich culminates from ANS moving down as
ell as distal.21 That movement is an orthopedic
ffect achieved through use of the headgear
ince similar change has not been observed in
hildren without Class II deformity. Also, chil-
ren with Class II malocclusion who have not
eceived headgear treatment do not show such
hange.11

Reduction in ANS is not localized to that
natomic location but is also a result of remod-
ling at the pterygomaxillary (PTM) suture.22

emodeling of the suture has been documented
y the observed distal movement of PTM in
reated cases. The sphenoid bone is also affected
ith resultant clockwise rotation. Similar phe-
omena have not been observed in untreated
atients.

The bony changes provide testimony to the
resumption that the movement of the molars
annot alone account for the Class II correc-
ion.22 One can conclude from these observa-
ions that the forces applied to the maxillary

olars are not limited to movement of the max-
llary teeth alone, but to the whole maxillofacial
omplex. Suffice to say that for such a result to
e achieved, the headgear has to be used con-
istently and for long periods of time.

eadgear Types

he facebow headgear can be designed in one
f three ways, dependent on the direction of
ull of force: high pull (occipital), straight pull,
r low pull (cervical). The terms occipital and
ervical have synonymously been used to mean

igh and low pull, respectively. High or low pull
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27Headgear in Growth Modification
ay be better terms since these terms describe
he point and direction of application of force
ith respect to the center of resistance of either

he molars or the maxilla.
The practitioner should use the appropriate

ype of headgear in as far as the direction of
orce is concerned. Knowledge of the centers of
esistance of the maxillary first molars and the
axilla can help the orthodontist deliver the

ppropriate force. Figure 1 demonstrates the
esultant forces and moments that can be
chieved from headgear use, dependent on the
oint of application of force.23,24

The cervical or low-pull headgear is the most
ommonly used of all three types of headgear. It
lso is the one that has been studied the most
nd is still a subject of study. This type of head-
ear is effective in restraining maxillary growth
s well as distal movement of the maxillary mo-
ars. It has the unwanted side effect, however, of

olar extrusion and distal tipping of the crown.
hat unwanted side effect can be controlled by
lternate adjustment of the outer bow at each
ubsequent visit.18,19 Investigators have shown
hat bending the outer bow upward of the oc-

igure 1. Forces and moments generated from the he
esult is extrusion, mesial moment, and distal movem
he effect is distal crown movement, clockwise momen
irection; the effect is extrusion, distal crown movem

vailable online.)
lusal plane an average of 10 ° to 20° can mini-
ize distal tipping of the maxillary molars.25

The cervical headgear is commonly referred
o as the “Kloehn type” headgear due to its
ssociation with Dr. Silas Kloehn. Efficacy of the
ethod used by Dr. Kloehn was evaluated at the
niversity of Oklahoma by using records from
is office.18,19 All patients who were evaluated
ere either in the transitional or early perma-
ent dentition before headgear treatment. A
ommon protocol that was followed in all the
atients was alternate adjustment of the outer
ow above or below the occlusal plane every 6 to
2 weeks. By so doing, there was minimal extru-
ion or distal tipping of the maxillary molars.
he anterior face height was not affected, but

here was a small change in the palatal plane
1.5°).

While the low-pull facebow headgear is more
ffective in achieving maxillary restraint and dis-
al molar movement compared with the high-
ull headgear, the high-pull headgear is effec-
ive in controlling the vertical dimension.26,27

he facebow headgear with a high-pull compo-
ent can be used to treat skeletal openbite pa-

ear. (A) Force is above center of resistance (CR); the
f the root. (B) Force below CR in upward direction;
an intrusive effect. (C) Force below CR in downward

, and clockwise moment. (Color version of figure is
adg
ent o
t, and

ent
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28 Nanda and Dandajena
ients if they also have a Class II malocclusion
ince openbite can be diagnosed as early as 6
ears of age.28 An unwanted side effect from the
se of the high-pull facebow headgear is the
ompensatory eruption of the mandibular mo-
ars. The compensatory eruption of the mandib-
lar molars, however, can be controlled through
oncomitant use of the fixed lingual arch.29 A
ombination of high-pull and low-pull head-
ears can yield a force that is a resultant of both
eadgears.23,24

rch Width and Arch Length Changes
ith HG Treatment

lass II malocclusion may be accompanied by a
arrow maxilla that may or may not require
xpansion. “Narrow” in this description does not
efer to the existence of a crossbite. Orthodon-
ists routinely expand the maxillary arch so as to
mprove arch form and “to loosen” the sutures
efore engagement of the headgear. Another
eason to expand is the belief that expansion
an augment Class II correction. While it is true
hat molar derotation aids in the treatment of
lass II malocclusion, the same may not be true
bout expansion.30

Investigations into the use of the headgear
ave shown that maxillary expansion can be
chieved by use of the headgear alone without
se of the expander.31,32 Such expansion can be
chieved by active expansion of the inner bow
nd that expansion may not be limited only to
he dentoalveolar portion. It extends to the na-
al cavity and the whole maxilla.31 The dentoal-
eolar changes include increases in intermolar
nd intercanine widths. Arch width in general
nd length increase and an appreciable reduc-
ion in overjet can be obtained by use of the
eadgear alone.32

Figure 2 demonstrates a patient who had a
arrow, tapered arch that was treated by head-
ear. The patient used the headgear for a period
f 1 year with no other appliances placed in the
axillary arch. At the end of treatment, the
axillary arch was well rounded and the molars
ere in Class I.

The changes in arch length during headgear
se should be interpreted with caution since
ifferent investigators have reported conflicting
esults. Some investigators have reported little

hange in overjet,33-35 while others have ob- t
erved a reduction.32,36 This may be due to dif-
erential positioning of the bow: against or 3 mm
way from the incisor teeth. Lengthening of the
rch can be due to either distal movement of the
olars with the incisors remaining static or flar-

ng of the maxillary incisors.33-35 Comprehensive
reatment with fixed appliances, however, will be
equired for intrusion of the anterior segment in
eep bite cases and for complete alignment.
uch movements cannot be achieved by the
eadgear alone.

reatment Timing

here are important factors that should be
aken into consideration when determining time
f treatment and these include severity of mal-
cclusion, facial morphology (deep or open
ite), patient compliance, and age of the pa-
ient.

Two types of data have been used to deter-
ine facial types: longitudinal and cross-sec-

ional. Longitudinal material provides the best
pproximation of individual variability in
rowth. Such material has been used to under-
tand the development of facial types and mal-
cclusions. An understanding of the age at
hich serious malocclusions or adverse facial

ypes can be diagnosed provides an opportunity
o the dental specialist to handle these cases
arly.

Class II malocclusions can be diagnosed as
arly as the primary dentition. Disto-occlusions
ever develop into normal Class I but remain
lass II whereas a flush terminal plane can go
ither way.37 Once established at an early age,
lass I occlusion can be maintained irrespective
f the different growth velocities of the two jaws.
im and coworkers38 have shown that the den-

oalveolar complex can compensate for adverse
rowths of the maxilla and mandible. For exam-
le, Class I occlusion was maintained in subjects
hat had excessive growth of one jaw with respect
o the other. This indicated that it was important
o establish Class I occlusion early.

The type of treatment can also be determined
y the facial type: long face or short face.
anda28 has shown that facial morphology can
e diagnosed as early as age 6 years. He showed
hat openbite patients have higher lower face
eight compared with upper face height while
he opposite is true for deep-bite patients.
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igure 2. A Class II-1 malocclusion treated by headgear. (A) Pretreatment extraoral photographs. (B) Posttreat-
ent extraoral photographs. (C) Pretreatment and posttreatment intraoral photographs. (D) Pre-, progress, and

osttreatment maxillary occlusal photographs. Take note of the change in arch form as the treatment progressed

rom pretreatment to finish. (Color version of figure is available online.)
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30 Nanda and Dandajena
nowledge of the facial morphology in a Class II
atient can help determine the type of headgear

o be used. A low-pull headgear may be appro-
riate in low angle patients but is contraindi-
ated in openbite cases due to its extrusive ef-
ects to the maxillary molars.

Orthopedic effects can be achieved if treat-
ent is delivered at the appropriate age. As

uch, the young preadolescent patient39,40 may
e the best candidate to whom headgear treat-
ent should be administered because of two

mportant reasons: compliance and the ability to
odify growth. The young preadolescent pa-

ient is more compliant compared with the ado-
escent and postadolescent patients, and girls
end to have better compliance scores compared
ith boys.41

SNA is affected more if treatment is started at
n early age with a significant reduction in angle
NB being observed at the younger age com-
ared with the older age group.42 In a study
onducted by Kirjavainen and coworkers,11

ounger patients (7.2 years) responded better
han older patients (12.4 years). They demon-
trated a statistically significant reduction in
NA.

The noncompliant patient may not get the
aximum benefit from use of the headgear

ince the amount of maxillary retraction by the
eadgear is affected by the duration the head-
ear is used: the longer the time that the appli-
nce is used, the more effective will the treat-
ent be.39 Treatment time in the study

onducted by Kirjavainen and coworkers11 was
rom 0.9 years to 3.1 years.

Caution should be exercised concerning the
ength of time that the headgear can be used.
he authors have observed that use of the head-
ear for an extended period of time may result
n delayed eruption of the second molars. Figure
demonstrates a case that was treated with head-
ear for a period of 6 years. Treatment was
ompleted when the patient was 13 years of age
nd the second molars had not yet erupted. Out
f concern, the orthodontist consulted a pediat-
ic dentist who felt that the second molars would
ever erupt due to their adverse inclination. A

ollow-up radiograph at 21 years of age showed
hat the second molars had erupted. In this case,
rolonged use of the headgear resulted in de-
ayed eruption of the second molars. t
Chronological age may be an easy way to
udge compliance, but skeletal age is the best

ethod to assess skeletal response.12 Appear-
nce and ossification of the sesamoid bone43 is a
ositive indicator of the completion of growth.
hile the pubertal growth spurt of both jaws

elates well to that of other long bones, maxillary
rowth terminates earlier than that of the man-
ible.44-46 Maxillary orthopedic treatment, then,
hould be initiated early. The best response is
btained during maximum growth velocity as

udged by hand-wrist radiographs. This is the
eriod 4 to 7 as described by Fishman47 using
keletal maturation indicators.

etention After HG Use

lthough there is no question as to the success-
ul correction of Class II malocclusion by head-
ear, maintenance of the achieved results is de-
ated. Some investigators have followed their
atients over 10-year periods and found the
eadgear results to be stable.48 On the other
and, other investigators have described a
atch-up period49 in which the observed growth
irection changes to the original but at a much
aster rate than in untreated individuals. In one
uch study, Melsen and Dalstra50 reported a
ownward and backward rotation of the maxilla
uring cervical traction, which returned to
ownward and forward direction after removal
f the headgear.

The distal molar movement obtained
hrough use of the headgear may be lost on
emoval of the restraining force of the headgear.
he observed relapse is limited to the teeth and
ot the maxillary complex, however, suggesting

hat the skeletal effect is permanent. Other au-
hors have reported a mesial drift of the molars
ut not necessarily to a previous position.50 The
onclusion from these authors50 was that the
lass II correction was maintained through a
ore pronounced growth in the mandible and

ot necessarily from the molar correction. As
uch, Melsen and Dalstra50 have questioned the
esults obtained from headgear use. The refer-
nce sample was treated for 7 months.

A clinical study on 8-year-old children con-
ucted by Wieslander51 that involved headgear
se and the Herbst appliance showed relapse in

he mandible but stable results in the maxilla.
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igure 3. Orthopantomographs of a patient who had Class II-1 malocclusion that was treated with cervical
eadgear. (A) Treatment was initiated at age 7 and was completed at age 13. (B) Follow-up radiograph at 16 years
f age indicated that the molars were at fairly the same position and were not erupting. (C) A follow-up

adiograph at 21 years of age showed that the second molars had eventually erupted.



A
f

l
p
c
s
s
t
c
W
l
a
m
e
t
d
h

o
s
c
i
m
i
c
t
m
t

t
a
h
fi
t
a
m
t
d

S

I
a

1

2

3

4

5

R

1

1

1

1

1

1

1

1

32 Nanda and Dandajena
gain, this indicated that orthopedic effects
rom headgear could be maintained.

Wheeler and coworkers41 showed more re-
apse in patients treated with headgear com-
ared with activator. They also showed that half-
usp Class II relationships are more likely to
elf-correct compared with full-cusp relation-
hips. Both headgear and activator can effec-
ively correct Class II malocclusion,52 but the
ommon problem in both cases is retention.
ithout retention, treatment achieved may be

ost, and as previously mentioned, that loss is
ttributed to dental rather than skeletal move-
ents.41,52 The skeletal changes can be consid-

red to be permanent. As such, the best time to
reat with headgear may be the late transitional
entition with a close follow-up with compre-
ensive full appliance treatment.

Kim and coworkers38 have shown that the
cclusion established early may not change de-
pite the differential growth of the jaws. People
an have greater mandibular growth than max-
llary or vice versa, but the occlusion can be

aintained. As such, the authors believe it is
mportant to correct Class II Division 1 maloc-
lusions early and maintain the Class I. For pa-
ients treated with headgear, the headgear itself

ay be the best form of retention until such
ime that fixed appliances can be used.

An appliance routinely used to hold the re-
racted maxillary molars is the Nance holding
rch. The Nance appliance is not as effective in
olding the molars back in the maxilla as the
xed lingual arch is in maintaining E-space in

he mandible. A modified Nance holding appli-
nce, the vertical holding appliance (VHA),53,54

ay be more successful in such instances since
he force exerted by the tongue is vertical and
irected to the posterior.

ummary and Conclusion

n summary, the following can be concluded
bout the headgear:

. It is effective in distal movement of the mo-
lars.

. The observed correction of Class II is not due
to distal movement of the molars alone but
that of the maxilla as a whole.

. To achieve effective and long-term results,

the headgear needs to be used consistently
and over a long period of time. A 6-month
period can be considered to be the mini-
mum.

. If used in the early transitional dentition, it is
advisable to use the headgear to retain the
achieved result till the rest of the permanent
teeth erupt.

. Alternatively, treatment can be initiated dur-
ing the late transitional dentition and during
the maximum skeletal growth spurt. The
maximum skeletal growth spurt can be veri-
fied by means of the hand and wrist x-ray.

eferences
1. Kingsley NW: Treatise on Oral Deformities. New York,

Appleton, 1880
2. Angle EH: Treatment of Malocclusion of the Teeth.

Philadelphia, SS White Dental Manufacturing, 1907
3. Pacini AJ: Roentgen ray anthropometry of the skull. J

Radiol 3:230-238, 1922
4. Broadbent BH: A new x-ray technique and its applica-

tion to orthodontia. Angle Orthod 1:45-60, 1931
5. Oppenheim A: Biologic orthodontic therapy and reality.

Angle Orthod 6:69-79, 1936
6. Kloehn SJ: Orthodontics—force or persuasion. Angle

Orthod 23:56-66, 1953
7. Enlow DH, Hans MG: Essentials of facial growth. Phila-

delphia, WB Saunders, 1996
8. Tanne K, Matsubara S, Sakuda M: Stress distribution in

the maxillary complex from orthopedic headgear forces.
Angle Orthod 63:111-118, 1993

9. Adam CD, Meikle MC, Norwick KW, Turpin DL: Dento-
facial remodeling produced by intermaxillary forces on
Macaca mulatta. Arch Oral Biol 17:1519-1535, 1972

0. Droschl H: The effect of heavy orthopedic forces on the
maxilla in the growing Saimiri sciureus (squirrel mon-
key). Am J Orthod 63:449-461, 1973

1. Kirjavainen M, Kirjavainen T, Hurmerinta K, Haavikko
K: Orthopedic cervical headgear with an expanded in-
ner bow in class II correction. Angle Orthod 70:317-325,
2000

2. Kopecky GR, Fishman LS: Timing of cervical headgear
treatment based on skeletal maturation. Am J Orthod
Dentofacial Orthop 104:162-169, 1993

3. Gianelly AA, Valentini V: The role of “orthopedics” and
orthodontics in the treatment of Class II, Division 1
malocclusions. Am J Orthod 69:668-678, 1976

4. Mitchell DL, Kinder FD: A comparison of 2 torquing
techniques on the maxillary central incisors. Am J
Orthod 63:407-413, 1973

5. Gianelly AA: Bidimensional Technique: Theory and
Practice. Central Islip, NY, GAC International, 2000, p
256

6. Nanda SK: Growth patterns in subjects with long and
short faces. Am J Orthod Dentofacial Orthop 98:247-
258, 1990

7. Nanda RS, Merrill RM: Cephalometric assessment of
sagittal relationship between maxilla and mandible.

Am J Orthod Dentofacial Orthop 105:328-344, 1994



1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

5

5

5

5

5

33Headgear in Growth Modification
8. Hubbard GW: A cephalometric evaluation of non-extrac-
tion cervical headgear treatment in Class II malocclu-
sion [thesis]. Oklahoma City, Health Sciences Center,
University of Oklahoma, 1992

9. Hubbard GW, Nanda RS, Currier GF: A cephalometric
evaluation of non-extraction cervical headgear treat-
ment in Class II malocclusion. Angle Orthod 60:359-370,
1994

0. Cangialosi TJ, Meistrel ME, Leung MA, Ko JY: A cepha-
lometric appraisal of edgewise Class II nonextraction
treatment with extraoral force. Am J Orthod Dentofacial
Orthop 93:315-324, 1988

1. Klein PL: An evaluation of cervical traction on the max-
illa and the upper first permanent molar. Angle Orthod
27:61-68, 1957

2. Wieslander L: The effect of force on craniofacial devel-
opment. Am J Orthod 65:531-538, 1974

3. Armstrong MM: Controlling the magnitude, direction
and duration of extraoral force. Am J Orthod 59:217-
243, 1971

4. Contasti GI, Legan HL: Biomechanical guidelines for
headgear application. J Clin Orthod 16:308-312, 1982

5. Lima-Filho RMA, Lima LA, Ruellas O: Longitudinal
study of anteroposterior and vertical maxillary changes
in skeletal Class II patients treated with Kloehn cervical
headgear. Angle Orthod 73:187-193, 2003

6. Ucem TT, Yuksel S: Effects of different vectors of forces
applied by combined headgear. Am J Orthod Dentofa-
cial Orthop 113:316-323, 1998

7. Poulton DR: The influence of extraoral traction. Am J
Orthod 53:8-18, 1967

8. Nanda SK: Patterns of vertical growth in the face. Am J
Orthod Dentofacial Orthop 93:103-116, 1988

9. Villalobos FJ, Sinha PK, Nanda RS: Longitudinal assess-
ment of vertical and sagittal control in the mandibular
arch by the mandibular fixed lingual arch. Am J Orthod
Dentofacial Orthop 118:366-370, 2000

0. Gianelly AA: Rapid palatal expansion in the absence of
crossbites: added value? Am J Orthod Dentofacial Or-
thop 124:362-365, 2003

1. Kirjavainen M, Kirjavainen T: Maxillary expansion in
Class II correction with orthopedic cervical headgear. A
posteroanterior cephalometric study. Angle Orthod 73:
281-285, 2003

2. Kirjavainen M, Kirjavainen T, Haavikko K: Changes in
dental arch dimensions by use of an orthopedic cervical
headgear in Class II correction. Am J Orthod Dentofa-
cial Orthop 111:59-66, 1997

3. Mantysaari R, Kantomaa T, Pirttiniemi P, Pykalainen A:
The effects of early headgear treatment on dental arches
and craniofacial morphology: a report of a 2 year ran-
domized study. Eur J Orthod 26:59-64, 2004

4. Ghafari J, Shofer FS, Jacobsson-Hunt U, et al: Headgear
versus function regulator in the early treatment of Class
II, Division 1 malocclusion: a randomized clinical trial.

Am J Orthod Dentofacial Orthop 113:51-61, 1998
5. Ferro F, Monsurro A, Perillo L: Sagittal and vertical
changes after treatment of Class II Division 1 malocclu-
sion according to the Cetlin method. Am J Orthod
Dentofacial Orthop 118:150-158, 2000

6. Cook AH, Sellke TA, BeGole EA: Control of the vertical
dimension in Class II correction using cervical headgear
and lower utility arch in growing patients. Part I. Am J
Orthod Dentofacial Orthop 106:376-388, 1994

7. Arya BS, Savara BS, Thomas DR: Prediction of first molar
occlusion. Am J Orthod 63:610-621, 1973

8. Kim YE, Nanda RS, Sinha PK: Transition of molar rela-
tionships in different skeletal growth patterns. Am J
Orthod Dentofacial Orthop 121:280-290, 2002

9. King EW: Cervical anchorage in Class II, Division 1
treatment, a cephalometric appraisal. Angle Orthod 27:
98-104, 1957

0. Kloehn SJ: At what age should treatment be started?
Am J Orthod 41:262-278, 1955

1. Wheeler TT, McGorray SP, Dolce C, et al: Effectiveness
of early treatment of Class II malocclusion. Am J Orthod
Dentofacial Orthop 121:9-17, 2002

2. Wieslander L: Early or late cervical traction therapy of
Class II malocclusion in the mixed dentition. Am J
Orthod 67:432-439, 1975

3. Grave KC, Brown T: Skeletal ossification and the adoles-
cent growth spurt. Am J Orthod 69:611-669, 1976

4. Nanda RS: Growth changes in skeletal-facial profile and
their significance in orthodontic diagnosis. Am J Orthod
59:501-513, 1971

5. Nanda RS: The rates of growth of several facial compo-
nents measured from serial cephalometric roentgeno-
grams. Am J Orthod 41:658-673, 1955

6. Björk A: Sutural growth of the upper face studied by the
implant method. Acta Orthop Scand 24:109-127, 1966

7. Fishman LS: Radiographic evaluation of skeletal matu-
ration, a clinically oriented study based on hand-wrist
films. Angle Orthod 52:88-112, 1982

8. Wieslander L, Buck DL: Physiologic recovery after cervi-
cal traction treatment. Am J Orthod 66:295-301, 1974

9. Melsen B: Effects of cervical anchorage during and after
treatment: an implant study. Am J Orthod 73:526-540,
1978

0. Melsen B, Dalstra M: Distal molar movement with
Kloehn headgear: is it stable? Am J Orthod Dentofacial
Orthop 123:374-378, 2003

1. Wieslander L: Long-term effect of treatment with the
headgear-Herbst appliance in the early mixed dentition.
Stability or relapse? Am J Orthod Dentofacial Orthop
104:319-329, 1993

2. Keeling SD, Wheeler TT, King GJ, et al: Anteroposterior
skeletal and dental changes after early Class II treatment
with bionators and headgear. Am J Orthod Dentofacial
Orthop 113:40-50, 1998

3. Wilson MD: Vertical control of maxillary molar position
with a palatal appliance [thesis]. Oklahoma City, Health
Sciences Center, University of Oklahoma, 1996

4. DeBerardinis M, Stretesky T, Sinha PK, Nanda RS: Am J

Orthod Dentofacial Orthop 117:700-705, 2000


	The Role of the Headgear in Growth Modification
	Skeletal Changes and Evaluation of Orthopedic Changes
	Headgear Types
	Arch Width and Arch Length Changes with HG Treatment
	Treatment Timing
	Retention After HG Use
	Summary and Conclusion
	References


