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Three-Dimensional Orthodontic
Diagnosis and Treatment
A Neuromuscular Approach

BERNARD JANKELSON, DMD

The use of electronicaily derived mea-
surements and objective, quantitative data to
diagnose the functional status of the musculo-
skeletal system of the head and neck is a sig-
nificant step forward in the evolution of ortho-
dontics into a major orthopedic specialty.

Musculoskeletal dysfunction of the head
and neck is often the primary etiology of a
diverse group of symptoms such as TMJ dys-
function, headaches, myalgia, otalgia, cer-
vicalgia, and neuralgias."® Before beginning
treatment, the orthodontist should consider
musculoskeletal dysfunction as a possible
cause of one or more of these symptoms or as
a presymptomatic potential for future dysfunc-
tion.* Today’'s superior diagnostic capabili-
ties can uncover and intercept presympto-
matic musculoskeletal disease that could be-
come acute and symptomatic under the added
stress of orthodontic procedures.

Modern instruments that track mandi-
bular movement clearly show the propriocep-
tive dominance of the occlusion over the
musculature. No matter how badly malposi-
tioned the occlusion or how much torquing
and twisting are required to occlude the teeth,
the muscles will proprioceptively and instan-
taneously accommodate to pull the mandible
to that occlusal position and maintain it there.
The fact that the patient can consistently bring
the teeth into full intercuspation with seeming
ease must no longer lull the orthodontist into
treating to an existing occlusal position, be-
cause that position will perpetuate, rather
than correct, an unrecognized musculoskele-
tal dysfunction (Fig. 1).

Measurement for the diagnosis of exist-

Dr. Jankelson is President, Myo-tronics Research, inc., 720 Olive
Way, Seattle, WA 98101.

‘EM2, Myo-tronics Research, Inc.
* *Mandibular Kinesiograph (MKG), Myo-tronics Research, Inc.

VOLUMEXVIIINUMBERS9

ing musculoskeletal dysfunction in the ortho-
dontic patient provides a needed additional
functional diagnosis to complement the con-
ventional use of cephalometric and TMJ
x-rays. The electromyograph (EM2)* (Fig. 2)
and mandibular kinesiograph (MKG)* * (Fig. 3)
respectively measure electrical activity of the
muscles and the skeletal relation of the mandi-
ble to the skuil. These data are essential forin-
itial diagnosis, monitoring of treatment pro-
gress, and verification that a relaxed neuro-

Fig. 1 Existing occlusal relationship (above) and re-
laxed myocentric relationship (below). (Photographs
courtesy of Dr. Yoshitaka Ogata, Seattle)
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Fig. 3 Mandibular kines

Fig. 2 Electromyograph (EM2).
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muscular environment—which is the goal of
functional orthodontic treatment—has been
obtained for the finished case.

The almost universal existence of varying
degrees of muscle accommodation and sus-
tained tension generated to accomplish an in-
tercuspal occlusion is becoming more and
more apparent with the increasing use of elec-
tromyography and kinesiometry in clinical
practice.?»* .

Essentials for Functional Diagnosis
Electromyographic (EMG) Data

The EM2 is an eight-channel elec-
tromyograph that processes action potential
levels derived from electrodes placed over
right and left middle masseter, anterior tem-
poralis, posterior temporalis, and anterior
digastric muscles. Action potential levels,
recorded during both rest and function
(clench), are graphicaily displayed as they
sweep across the CRT screen (Fig. 4). The EM2
microprocessor senses, computes, and in-

Rest Clench Clench

Fig. 4 EMG recording of action potentials during
rest and function {clench).
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tegrates 256 samples of data every five
seconds; it provides a printout documenting
the status of the patient’s muscles, which then
becomes a permanent file record.

Pretreatment EMG data document the
direction and degree to which muscles are be-
ing forced into sustained contracture as they
are proprioceptively directed to pull and hold
the mandible in a skeletal malrelation to ac-
complish intercuspation of a malpositioned
occlusion (Fig. 1).

Mandibular Kinesiograph (MKG) Data

The mandibular kinesiograph (MKG) elec-
tronically tracks mandibular movement and
position. It displays three-dimensional spatial
data on the CRT screen at variable magnifica-
tions (Fig. 5).25:2®

In the pretreatment orthodontic examina-
tion, the MKG displays the direction and ex-
tent to which the mandibie deviates from its
relaxed trajectory as the muscles close the
teeth to a maipositioned occlusion. This
skeletal relation information correiates with

Fig. 5 MKG recording of three-dimensional spatial
data on mandibuiar movement.
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and confirms the electromyographic data,
shedding light on the cause of increased elec-
trical activity in various muscles.

Electronically Relaxed Muscles

If EMG and MKG data show existing
myostatic contracture and skeletal malrela-

Fig. epetitive
monitor pulsing.

tion, the next step is to use the Myo-
monitor*** (Fig. 6) to relax the various
craniomandibular muscles simultaneously to
their resting lengths by stimulating repetitive
muscle contractions (Fig. 7).

Reduction of hyperactive electrical firing
is most effectively accomplished with neuro-
stimulation by the Myo-monitor through the
fifth and seventh cranial nerves.®* In most
cases, significant deconditioning occurs
within one appointment, but if EMG measure-
ment indicates that the desired resting leveis
have not been attained at that appointment,
subsequent visits and an interim splint may be
necessary.

To obtain verifiable resting levels, it is
necessary to decondition the musclesdownto
resting levels of 2-3 microvolts as measured by
the electromyograph. The mandible will then
be at neuromuscular rest position (NRP). As
the muscles relax, an increase in muscle
length is reflected in an increase in freeway
space, as shown in typical before-and-after
MKG measurements (Fig. 8). The difference in
the measurements of electrical activity and

-+ J-3 Myo-monitor, Myo-tronics Research, Inc.
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Fig. 8 MKG recording and measurement of in-
creased muscle length after Myo-monitor puising.

muscle length before and after relaxation
represents the extent of muscle accommoda-
tion that the patient presents.

Attempting to determine rest position by
asking the patient to voluntarily let the mandi-
ble relax is ineffective and deceptive. The man-
dible will still be at an adaptive holding posi-
tion that is dictated by a proprioceptive re-
sponse to the occlusion, and EMG data will
show that a significant portion of muscle ten-
sion still exists, despite the patient’s attempt
to relax the head and neck muscles voluntarily.

MKG Index
After the EMG data establish that the
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Fig. 9 Maxillomandibular registration for mounting
casts to the myocentric position. (Photographs
courtesy of Dr. Yoshitaka Ogata, Seattle)



THREE-DIMENSIONAL DIAGNOSIS AND TREATMENT

various craniomandibular muscles are at their
resting lengths and the MKG data establish
that the skeletal relation of the mandible to the
skull is stable at that position, the orthodontist
registers the neuromuscularly coordinated oc-
clusal position (myocentric) with an index,
which is an interocclusal maxillomandibular
registration at the myocentric occlusal posi-
tion (Fig. 9).

The resuiting myocentric registration is
used to mount the casts to this neuro-
muscularly coordinated skeletal position, to
which orthodontic diagnosis and treatment
must be directed in order to achieve a relaxed
neuromuscular environment for the finished
case.

Three-Dimensional Orthodontic
Diagnosis and Treatment

A most important finding over the years
has been the three-dimensional nature of the
skeletal relation of the mandible to the skull,
as dictated by occlusal position. Change in
vertical dimension inevitably aiters the
horizontal relations of the mandible to the
skull. The prevalence of skeletal distortion in
the population becomes apparent once the
musculature is deconditioned and the neuro-

muscularly relaxed occlusal position is com-
pared with the existing centric occlusion.

Data clearly establish that in orthodontic
practice we are commonly dealing with mus-
cle-accommodated occlusions that are
achieved by muscle stress, involving twisting,
torquing, and skewing of the mandibie in all
directions. Varying degrees of undiagnosed
musculoskeletal dysfunction result from sus-
tained muscle contracture and chronic short-
ening of muscles as they pull the mandible to
an existing occlusion that is inharmonious
with a relaxed musculature. The findings em-
phasize the need for precise, objective, quan-
titative diagnostic data for every orthodontic
patient regarding the extent of musculo-
skeletal dysfunction of the head and neck that
stems from an existing malpositioned occlu-
sion.

Because of the hidden subtleties of mus-
cle accommodation, the orthodontist cannot
rely on subjective evaluation of muscle relaxa-
tion. Diagnosis and treatment based on objec-
tive, electronically derived measurements
represent a giant step forward in everyday
practice.

Conventional orthodontic diagnosis com-
monly focuses on horizontal tooth-to-tooth
relationships with the teeth in existing occlu-

Fig. 10 A. Case scheduied for bicuspid extractions. B. Relaxing muscles increased vertical dimension and
repositioned mandible in three dimensions, allowing case to be treated nonextraction.
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sion. This ‘““plaster-on-the-bench’’, two-
dimensional approach largely precludes a
functional three-dimensional diagnosis that
includes vertical dimension.

For teeth to be moved primarily in horizon-
tal directions, there must be space in which{o
move. If teeth are crowded, the extraction of
bicuspids or second molars often becomes
necessary. However, moving teeth horizontal-
ly into space provided by extraction does not
address the functional three-dimensional
problem—that of correcting the musculoskel
etal dysfunction caused and perpetuated by
the existing occlusal position to which we are
treating.

The three-dimensional approach ex-
pedites orthodontic treatment. The relation-
ship of the mandible to the skull is aitered
three-dimensionally when the muscles are
relaxed to their resting lengths. As the
muscles are deconditioned of their tensions
and released from the physical restriction of
the existing malpositioned occlusion, Angle's
classification is often changed. Whenever
relaxation results in increased vertical dimen-
sion, the neuromuscular occlusal position
automatically provides space for tooth move-
ment, reducing the need for extractions.

This phenomenon is illustrated in a case

that had been recommended for multiple

space-making extractions (Fig. 10). Relaxing
the muscles and increasing vertical dimen-
sion freed the mandible from the propriocep-
tive and mechanical restriction of the mal-
posed occlusion. The mandible repositioned

three-dimensionally, and the teeth could be-

moved orthodontically without extractions.
The goal of a relaxed neuromuscular environ-
ment for the finished case could be achieved.

in Class |l cases, which are often over-
closed, release from the restriction of the ex-
isting occlusion is significant to the diagnosis
because it may eliminate the need for extrac-
tions and simplify treatment, whiie correcting
any musculoskeletal dysfunction. In Class |li
cases, identification of muscle tension and
consequent overclosure at the existing oc-
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clusal level often simplifies the therapeutic
approach and improves the prognosis. More-
over, the retention phase of treatment be-
comes shorter and much less eventful with a
quiet, relaxed musculature.

With the realization that eruption of teeth
is active throughout life, and with the develop-
ment of clinical technigues for erupting teeth
and increasing vertical dimension, there is a
growing demand for functional orthodontic
treatment of musculoskeletal dysfunction and
its consequences for people of all ages. In
cases in which the cuspal anatomy has not yet
been unduly defaced by wear, orthodontic
eruption alone is the treatment of choice for
musculoskeletal dysfunction, rather than add-
ing to tooth height by prosthodontic recon-
struction.

In cases in which the occlusal anatomy
has been badly worn and must be recon-
structed, or in cases with pronounced over-
closure and excessive freeway space when
the muscles are relaxed, prosthodontists are
now recommending orthodontic intervention
to avoid an unfavorable crown-root ratio and to
erupt the posterior teeth before proceeding
with the reconstruction.

Diagnosis Prior to Orthognathic Surgery

The diagnostic significance of the in-
crease in vertical dimension and its accompa-
nying horizontal change in mandibular posi-
tion confirms the need for quantitative data of
existing muscle tension and skeletal malrela-
tion in evaluating the indications for surgical
correction of prognathism.

In a case scheduled for orthognathic
surgery to correct prognathism (Fig. 11),
freeway space increased 13mm when the Myo-
monitor was used to relax the tense, pro-
prioceptively shortened muscles to their
resting lengths. Since the mandible on aver-
age moves posteriorly Tmm for every 2mm of
increased vertical opening (1:2 A/V ratio), the
mere act of vertically repositioning the mandi-
ble 13mm to the more open, relaxed position
concomitantiy moved the mandible 6.5mm
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Fig. 11 A.B. Case scheduled for orthognathic
surgery. B.MKGindex. C.Case seven months later
after nonsurgical resolution. (Photographs courtesy
of Dr. Richard Philbrick, Seattle)

Fig. 12 A. Case similar to thatin Figure 10. B. MKG
indexed position. (Photographs courtesy of Dr.
Yoshitaka Ogata, Seattle)

posteriorly, altering the Angle classification.
A simitar Class Ill case and its conserva-
tive nonsurgical resolution is shown (Fig. 12).

MKG and Tongue Thrust

The MKG also clearly identifies the occur-
rence and nature of a deviate swallow (Fig. 13).
It displays the thickness of tongue between
the teeth during that swallow and the direction
and extent of mandibular thrusts that result
during deglutition. As treatment proceeds, the
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Fig. 13 MKG recording of deviate swallow before
and after correction.

orthodontist can monitor on the the MKG
screen whether treatment—as usually oc-
curs—has automatically corrected the prob-
lem. If myofunctional therapy is instituted, the
MKG display serves as an effective biofeed-
back adjunct that the patient can follow visual-
ly during myofunctional training sessions.

Summary

Improvement of appearance is a primary
motivation for patients seeking orthodontic
_treatment. However, every orthodontic patient
is also a neuromuscular patient. Alleviation of
the head and neck pain of musculoskeletal
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dysfunction must become an equally strong
motivation for orthodontic care, as health-care
professionals and the public become increas-
ingly aware of its effectiveness and availability.

it is essential in the diagnosis of every pa-
tient, before instituting therapy, to derive
precise, quantitative data that reveal whether
the skeletal relation of the mandible to the
skull is distorted or not, and document the ex-
tent of musculoskeletal dysfunction of the
head and neck stemming from an existing mal-
positioned occlusion. With today's state-of-
the-art diagnostic tools, orthodontics has pro-
gressed beyond the two-dimensional diagnos-
tic approach to a more comprehensive and
realistic three-dimensional diagnosis, and to
treatment targeted to the neuromuscularly
relaxed (myocentric) position of occlusion.

Structural diagnosis based on cephalo-
metric and other x-rays gains in significance
when supported by functional data of muscu-
loskeletal status. The increasing emphasis on
the orthopedic correction of skeletal malrela-
tion of the mandible to the skull inevitably ex-
pands the scope and changes the image of or-
thodontic practice. As EMG and MKG data
show. the significance of the orthopedic
capability of orthodontics extends beyond the
jaws alone to the entire musculoskeletal
system of the head and neck; and, as func-
tional considerations become paramount, the
orthodontist becomes the primary orthopedic
specialist in treatment of head and neck pain.

The influx of adult dysfunction patients
into orthodontic practices greatly enlarges the
scope of orthodontics and the demand for or-
thodontic services. It brings new opportunity,
responsibility, and gratification to the or-
thodontist as a primary therapist in alleviating
human suffering.

REFERENCES

1. Cooper, B.C. and Rabuzzi, D.E.: Myofascial Pain
Dysfunction Syndrome—A Clinical Study of Asympto-
matic Patients, Laryngoscope 94, Jan. 1984.

2. Jankelson, B.: Neuromuscular Aspects of Occlusion,
Dental Clinics of North America 23, April 1979.

3. Jankelson, B.: Research Findings and Resultant



THREE-DIMENSIONAL DIAGNOSIS AND TREATMENT

1.

12.
13.

14.

15.

17.

18.

18.

20.

21,

22.

Management of Craniomandibular (“TMJ") Symptom
Cluster Syndrome, Proc. Sec. Int. Pros. Congress, C.V.
Mosby Co., St. Louis, 1979.

. Jankelson, B.: Modern diagnosis and management of

musculoskeletal dysfunction of the head and neck, in
Diseases of the Temporomandibular Apparatus, Mor-
gan et al,, 2nd ed., C.V. Mosby Co., St. Louis, 1982,

. Principato, J.J.: Prefabricated Diagnostic Occlusal

Devices for Temporomandibular Joint Dysfunction,
presentation to Am. Acad. Otolaryngology, New
Orleans, Oct. 20, 1982.

. DeBiasi, S. and Neironi, P.: Analisi Kinesiografica ed

Elettiomiografica dei muscoli Masticatori nella sin-
drome di Moebius, Rivista ltaliana di Stomalogia 11,
1982,

. Dinham, R.: Treatment of Tic Douloureux With

Jankelson Myo-monitor, J. Hawaii Dent. Assoc. 3,
1970.

. Gernet, W. et al.: Use of the Myo-monitor in the func-

tionally disturbed system, Deutsche Zahnarztliche
Zeitschrift, 35(6), Eng. Abstract, German J., June 1980.

. Vesanen, E. and Vesanen, R.: The Jankelson Myo-

monitor and Its Clinical Use, Proc. Finnish Dent. Soc.
68, 1973.

. Weiss, M.H.: Case Report, Successful Treatment of

Bell’s Palsy, Dent. Surv., Aug. 1976.

Wessberg, G. et. al.: Transcutaneous Electrical
Stimulation as an Adjunct in the Management of Myo-
fascial Pain-Dysfunction Syndrome, J. Pros. Dent. 45,
March 1981.

Bazzoti, L.: Manuale Pratico di Kinesiologic, Centro
ricerche scientifiche applicate odontolatrico ed Orto-
dentice, Milano, Oct. 12, 128C.

Choi, B.B. and Mitani, H.: On the Mandibular Position
Regulated by Myo-monitor Stimutation, J. Jap. Prosth.
Soc. 17:79-96, 1973.

Schwartz, L.: Pain Associated with the Temporoman-
dibular Joint, J. Am. Dent. Assoc. 51:394, 1955.
Thomson, H.: Mandibular Dysfunction Syndrome, Brit.
Dent. J. 130-187, 1971.

. Cartsson, G.: Neuromuscutar Problems. in Orofacial

Region, Int. Dent. J., Sept. 30, 1981.

Reik, L. and Hale, M.: Temporomandibular Joint Dys-
function: A Cause of Headache, Headache 21:151-156,
1981.

Farrar, W.B.: The TMJ Dilemma, J. Alabama Dent.
Assoc. 63:19-26, 1979.

Geilb, H. et al: Clinical Management of Head, Neck,
and TMJ Pain and Dysfunction, W.B. Saunders Co.,
Philadelphia, 1978.

De Steno, C.V.: The Pathophysiology of TMJ Dysfunc-
tion and Related Pain, in Clinical Management of
Head, Neck, and TMJ Pain Dysfunction, W.B.
Saunders Co., Philadelphia, 1977.

Laskin, D.M., Etiology of the Pain Dysfunction Syn-
drome, J. Am. Dent. Assoc. 79:144, 1969.

Mikhail, M. and Rosen, H.: History and Etiology of
M.P.D., J. Pros. Dent. 44:438, 1980.

23.

24,

25.

26.

27.

28.

Burton, R.: The Problem of Facial Pain, J. Am. Dent.
Assoc. 79:93, 1969.

Jankelson, R.R.: Electromyography in Dental Practice,
EM2 Clinical Manual, Myo-tronics Research, Inc., Seat-
tle, 1984.

Jankelison, B. et al.: Kinesiometric Instrumentation: A
New Technology, J. Am. Dent. Assoc. 90, April 1975.
Jankelson, B. and Radke, J.C.: The Myo-monitor: Its
Use and Abuse, Quintessence international 9, Febru-
ary-March 1978.

Woodside, D.G.: A Consideration of Some Aspects of
the Vertical Dimension in Orthodontic Treatment Plan-
ning, Parts 1 and 2, Am. Assoc. of Orthodontists, St.
Louis.

Jankelson, B.: Measurement Accuracy of the Man-
dibular Kinesiograph— A Computerized Study, J. Pros.
Dent. 44:656-666.

JCO/SEPTEMBER 1984



