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asticatory Muscle Exercise as an
djunctive Treatment for Open Bite Malocclusions

eryl D. English and Kamrin D.G. Olfert

The article distinguishes between dental open bite and skeletal open bite malocclusions
and reviews the etiologic factor and possible treatment options. The addition of light
masticatory muscle exercise on two mixed detention cases is illustrated. The patients were
treated with a bonded rapid palatal expander followed by a transpalatal arch and a
mandibular lingual arch, high-pull headgear therapy and light masticatory muscle exercises
for 1 minute five times per day. A third case illustrates an increase in the clenching
exercises of at least 5 minutes per hour for 6 hours. This patient had changed her mind on
orthognathic surgical treatment plans. Treatment results suggest that clenching exercises
helped to control the vertical dimension and assist in closure of open bite malocclusions.
More clinical research is required to ensure the optimum level of masticatory muscle
exercise for the treatment of open bite malocclusions.
Semin Orthod 11:164–169 © 2005 Elsevier Inc. All rights reserved.
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pen bite is defined as the lack of vertical overlap of the
anterior teeth in centric occlusion.1,2 An open bite of

reater than 2 mm occurs in less than 1% of the population
nd has five times greater prevalence in the black population
han in the white or Hispanic populations.3 Generally two
orms of open bite can be distinguished: dental and skeletal
pen bites. Dental open bite occurs when the abnormalities
re confined to the dentoalveolar region. This type is usually
elated to environmental factors, such as thumb sucking, and
an be treated successfully by orthodontic treatment alone.
he prognosis of a dental open bite is favorable, provided the
nvironmental factor can be controlled. The second type of
pen bite is skeletal open bite, which occurs when the patient
as an open bite that is not limited to the dentoalveolar re-
ion, but the etiology lies in the underlying skeletal structure
f the jaws. In skeletal open bites, the etiology may be related
o the vertical facial form as a result of excessive vertical
rowth. This skeletal pattern has been described as long-face
yndrome,4 high-angle case,5 or hyperdivergent growth pat-
ern.6 Skeletal open bites tend to have greater molar and
ncisor eruption whereas dental open bites are a result of
ntrusion of anterior teeth.
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The differentiation between dental and skeletal open bites
an be difficult to distinguish clinically. Age of the patient
nd the presence of a habit are important considerations
hen examining a patient. In 1984, Cangialosi7 developed a

ephalometric analysis to determine what constitutes a skel-
tal open bite. If 4 of the 6 cephalometric measurements
ratio of posterior to anterior facial height; ratio of upper to
ower facial height; SN-GoGn, gonial angle, SN-PP, PP-
oGn) recorded were within one standard deviation from the
orm and the remaining two were between one and two
tandard deviations from the norm, the open bite was con-
idered to be dentoalveolar in nature. Nahoum8 based his
iagnosis on the ratio of upper anterior facial height to lower
nterior facial height (UAFH:LAFH). If a patient had an open
ite and a UAFH:LAFH ratio of less than 0.65, then the open
ite was considered skeletal and could not be corrected by
rthodontic treatment alone. Although there appears to be no
oncrete formula or singular measurement that can be used
o diagnose skeletal open bites, most authors agree that they
ave some of the following characteristics: increased man-
ibular plane angle, increased lower facial height, increased
otal facial height, decreased posterior facial height, tipping
f the palatal plane, and a retrognathic mandible.9,10

It is generally accepted that excessive vertical growth is an
tiology of skeletal open bites.11 However, what causes the
keletal vertical growth remains in question. Heredity plays
n important role in the development of the orofacial com-
lex. Parents who have high mandibular plane angles and
ertical growth pattern may pass their traits on to their chil-

ren. A digit habit that is present for an extended period of
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Masticatory muscle exercise 165
ime could alter growth similar to a functional appliance and
ccentuate the vertical aspect of growth. Airway obstruction
as also been implicated in the cause of open bite.11 The
hought is that enlarged adenoid tissue causes restriction in
he airway, forcing the tongue anteriorly, which in turn
auses skeletal and dental open bite problems. These growth
hanges include rotation of the mandible downward and

Figure 1 Records for Patient 1. (A) The first set of record
month. (B) The second set is at the beginning of phase I
taken at age 13 years 11 months.
ackward in a clockwise direction.11 According to Proffit,12 r
ongue thrusting is considered the result of displaced incisors
nd not the cause of the tongue posturing.

The treatment of the skeletal open bite continues to chal-
enge contemporary orthodontists. In a recent study, Iscan13

eported successful correction of skeletal open bites by using
ertical chincaps. The chincaps successfully inhibited the
ertical growth of the mandibular posterior dentoalveolar

he pretreatment records for the female at age 9 years 1
ent; age 12 years 9 months. (C) The final records were
s are t
I treatm
egion, resulting in an anterior rotation of the mandible.
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166 J.D. English and K.D.G. Olfert
uster and Ingervall14 reported using two types of bite
locks, spring loaded and magnet repelling, to treat open
ites in growing patients. The authors reported an improve-
ent of 1.3 mm of anterior open bite with the spring-loaded

ite blocks and a 3-mm improvement with the repelling mag-
et bite block. However, the beneficial effects of the bite
lock had a tendency to relapse.

Figure 2 Records for Patient 2. (A) The first set of record
months. (B) The second set is at the beginning of phase I
taken at age 12 years 0 months.
Once growth is complete, clinicians cannot utilize growth t
odification to address the skeletal problem. Many proce-
ures and types of mechanics have been developed, and most
f the procedures are designed to intrude the posterior teeth
n an attempt to reduce or control anterior facial height.
nfortunately, most (if not all) of these procedures produce
hanges in the dentoalveolar region to compensate for the
keletal problem. The many nonsurgical options include an-

he pretreatment records for the female at age 8 years 9
ent, age 10 years 7 months. (C) The final records were
s are t
I treatm
erior vertical elastics, posterior bite blocks, high-pull head-
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Masticatory muscle exercise 167
ear, vertical pull chincaps, and implants. Nonsurgical op-
ions usually require longer treatment time and more patient
ompliance.15 Titanium miniplates have gathered popularity
ecently in the treatment of open bite. Sherwood and co-
orkers16 in 2002 obtained a mean molar intrusion of 2 mm

nd closure of the incisors by 3.6 mm by using titanium
iniplates in the maxilla. Umemori and coworkers17 in 1999

btained intrusion of the mandibular molars by 3 to 5 mm by
sing titanium miniplates. A recent study by Sugawara et al18

howed intrusion of the mandibular first and second molars
y 1.7 mm and 2.8 mm, respectively. The average relapse
ates were 27% in the first molars and 30% in the second
olars. Severe skeletal open bites in nongrowing patients are

est treated with a combined orthodontic-surgical approach.
Le Fort I osteotomy with superior repositioning of the
axilla is indicated for patients with excessive vertical max-

llary growth. The superior repositioning allows for the coun-
erclockwise rotation of the mandible and resultant de-
reased lower face height and elimination of the open bite.
pdebeeck and Bell19 stated: “Vertical dysplasias, however,

re difficult to describe within the framework of traditional

Figure 3 Records for Patient 2. (A) The first set of records
The final records were taken at the completion of treatm
nteroposterior classifications. In addition, such dysplasias t
re in many cases associated with, and may indeed be at the
rigin of, anteroposterior dysplasias.” It is because of this
elationship that many skeletal open bite cases will also re-
uire a mandibular advancement procedure to correct the
etrognathic mandible. A combined surgical-orthodontic ap-
roach still remains as the treatment of choice for skeletal
pen bites. Unfortunately, surgery is not always a valid op-
ion for the patients. Insurance companies have become more
eluctant to approve orthognathic surgery, and hospital costs
re rising. The objective of the present article is to propose a
ovel approach in the treatment of anterior open bite.
In a prospective cephalometric study, the combined effect

f a bonded rapid palatal expander (RPE) followed by a trans-
alatal arch and a mandibular lingual arch, high-pull head-
ear therapy and light masticatory muscle exercises on the
raniofacial morphology of skeletal open bite patients was
valuated.20 Thirty-one patients were treated with a bonded
apid palatal expander that was fabricated to exceed the free-
ay space by 2 to 3 mm and act as a posterior bite block. The

xpansion appliance was turned one turn per day (1/4 mm)
ntil the maxillary molars approached a buccal crossbite. The

e pretreatment records for this female adult patient. (B)
are th
ransverse dimension was stabilized with the expansion ap-
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168 J.D. English and K.D.G. Olfert
liance for 3 months. After the RPE was removed, a trans-
alatal arch (TPA) was placed to maintain the intermolar
idth. An acrylic button (15 mm in diameter) was placed on

he TPA in the middle of the palate, approximately 2 to 3 mm
ff the palatal tissue. Patients were instructed to wear a high-
ull headgear for at least 12 hours per day. The force deliv-
red was approximately 500 g per side. To maintain the man-
ibular arch length and avoid molar extrusion, a fixed lingual
rch was placed and remained throughout the treatment
ime. The mean age of the patients was 9.3 � 1.3 years and
he average treatment time was 23 � 4.7 months. After com-
letion of expansion, subjects were randomly assigned to
ither an exercise or nonexercise group. Patients in the exer-
ise group were instructed to clench on a soft bite wafer for 1
inute, five times a day. Each 1-minute session included 5

econds of isometric clenching (80% of maximum), followed
y 5 seconds’ rest, and repeated six times for a total of 1
inute. The exercise was repeated five times a day. Morpho-

ogical data were derived from pre- and posttreatment lateral
ephalograms. Lateral cephalograms of untreated subjects
hat were matched by age, sex, and mandibular plane angle
ere used as the control group. These patients were selected

rom the files of the Baylor College of Dentistry, Department
f Orthodontics. Maximum and submaximal bite forces, to-
ether with associated masseter muscle activity, were re-
orded before and after exercise training. The linear relation-
hip between electromyographic (EMG) activity and bite-
lenching exercises helped to control the vertical dimension.
igh-pull headgear therapy alone increased overbite and had

n intrusive effect on the maxillary molars. Exercise in com-
ination with high-pull headgear produced significant re-
uctions in the ANB (average �0.9°) and gonial angles (av-
rage �1.3°) and mandibular autorotation (average 2.2°). As
ith any compliance-related regimen, treatment results will
ary with patient cooperation. Maximal bite forces and EMG/
orce slopes showed no significant group differences. Al-
hough isometric clenching exercises did not strengthen mas-
icatory muscles, its effects on facial morphology may help to
educe aberrant vertical growth patterns.

The following questions are frequently asked by clinicians
sing this technique and we have included a few case reports

llustrating treatment results.

oes the Masticatory
xercise Have an Effect on
atients with Open Bite
alocclusions?

he results of the preliminary study suggest that isometric
xercises in combination with a high-pull headgear have a
ositive effect by facilitating autorotation, decreasing ANB,
nd closing the gonial angle in the mixed dentition. Although
xercise training did not strengthen masticatory muscles, its
ffects on facial morphology may help to reduce aberrant

ertical growth patterns. a
hat Is the
uration of the Exercise?

atients were instructed to clench on a soft bite wafer (GAC
nternational, Bohemia, NY) for 1 minute, five times a day.
ach 1-minute session included 5 seconds of isometric
lenching (80% of maximum), followed by 5 seconds’ rest.
his cycle was repeated six times, for a total of 1 minute.

ould This
reatment Technique Be
eneficial to All Types of
ases?

he exercise regimen is beneficial for both skeletal open bites
orthopedic effect) and dental open bites (orthodontic ef-
ect). It would not be beneficial in open bite cases where the
tiology lies in the condyle, that is, idiopathic condylar re-
orption or rheumatoid arthritis. In the case where the open
ite is a result of primary failure of eruption, the exercises
ould also be of no benefit.

ould This Technique
e Helpful in Retaining the
orrection of the Open Bite?

es! Positioners have been long been regarded as the retainer
f choice for open bite malocclusions. The clenching exer-
ises would have a positive effect, aiding in retention and in
revention of the open bite relapse.

ould This Technique
e Harmful to the TMJ?

o, temporomandibular disorder is primarily a result of
arafunctional habits, not a conscious exercise program.

ase Reports
atient 1 (Fig 1), a female, age 9 years 1 month, with an open
ite malocclusion, presented to the clinic with a chief com-
laint of “crooked anterior teeth.” A bonded RPE was placed
hat exceeded the freeway space by 3 mm. The patient was
nstructed to turn the jackscrew one turn per day (1/4 mm/
ay). Once the maxillary molars approached buccal cross-
ite, the expansion screw was tied off, and the RPE was left in
lace for 3 months. On removal of the RPE, a transpalatal
rch with an acrylic button (15 mm diameter, 3 mm off of the
alatal tissue) was placed to maintain the intermolar width. A
igh-pull headgear was fitted to deliver 500 g per side, and
he patient was instructed to wear the headgear for 12 hours
er day. A fixed lingual arch was placed, and instructions
ere given for the masticatory exercises. The exercise regi-
en was continued for 1 year. Full phase II treatment began
t age 12 years 9 months and completed at age 13 years 11
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Masticatory muscle exercise 169
onths. The SN-MP angle was 52.5° pretreatment and 44.8°
osttreatment, resulting in a decrease of 7.7°.
Patient 2 (Fig 2), a female, age 8 years 9 months, with an

pen bite malocclusion, presented to the clinic with a chief
omplaint of crossbite. The same treatment regimen was used
s for Patient 1. Full phase II treatment began at age 10 years
months and was completed at age 12 years 0 months. The

N-MP angle was 34.5° pretreatment and 31.8° posttreat-
ent, resulting in a decrease of 2.7°.
Patient 3 is an adult patient with an open bite malocclusion

ho decided against an orthognathic surgical treatment plan
Fig 3). She was asked to significantly increase the amount of
ime per day devoted to a masticatory muscle exercise regi-
en originally proposed by one of the authors (J.E.) in the
rospective mixed dentition study of open bite malocclu-
ions. This patient was asked to “clench” her teeth on the bite
afer for as much time as she could, but at least 5 minutes per
our for 6 hours as a minimum. She was extremely compliant
ith the clenching exercises. The SN-MP angle was 37.7°
retreatment and 33.5° at the completion of treatment, re-
ulting in a decrease of 4.2°.

onclusions
keletal open bite treatment is difficult and, unless the surgi-
al route is taken, relapse is a significant problem. Early di-
gnosis and implementation of treatment is critical if surgery
s to be avoided. The results of this pilot study suggest an
lternative treatment for open bite patients with promising
esults. Mastication exercises in conjunction with concen-
rated vertical control seemed to reduce aberrant vertical
rowth patterns in the patients.
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