~4

y -~
- ;
.

A REPRINT

| Kinesiometric ihstrumehtation:

a new technology

Bernard Jankelson, DMD" G
__ Carroll W. Swain, BSEE . . . . i
~ Patrick F. Crane, MS
~ John C. Radke, BM

Journal of the American Dental Association

Vol. 90, April, 1975, pp.834-840



A methad. of monltormg mandlbular* inthree dimensions
4 o IS described whereby a permanent magn : ng'to the mandible, ..

- e and magnetometers are located relativet6*the- permanent magnet. ¢ -

B , , ' 80 as.to sense changes in-the magnetic field
- o o o ..~ .which fesult from mandibular movement.
—_— . T ' ' The outputs of the magnetometers are processed. electronically
e S o obtaln three-discrete analog voltages, each directly proportionai
Coe ‘ ' ' - to a specific: dlstance—vertlcal anteroposterior, orlateral—from the

R S - I, - magnet to the particular magnetometer The vertical-distance output

A The?study of mandlbular kmesmlogy is '.essentlal
to: analys1s of the: ‘muscular; hgamentous bony,
-~and ‘occlusal* components™of: masticatory: func-

earch and- diagnostic purposes. Dysfunctlon OF
mcoordmatlon of the various components of the

effect on- the 0vera.ll functlonal capac1ty of the
systems- - . “
.. Progress in the ﬁeld of mandlbular kmesmlogy
-has been:limited by the- capability of instrumen--
tation available. to trace: mandibular movement~
‘andto- 1dent1fy tooth: contact while. patlents en--
gage in functions such as-eating, swallowmg, and.
speakmg and in pa:afunctlonal acts such as brux~ !
L mg and clenchmg Instrumentation for the i inves-
" 7% tigation of stomatognathic physiology has by-and
"~ large reflected the status of contemporary tedh-
nology. Techniques progressed from cinema-

.- tography of a moving reflective point in 1931! to

‘ cmeﬂuorography in 1940;2 stroboscoptc photog—
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‘tiom: Theé. information fs needed. for both re-

'stomatognathtclsystem w1ll have a.-deleterious- ' .

tromyography in- 1964/ "provxded addltlonal re-

‘ |s dlfferentlateo‘ electromca[!y to provude a measurement of acceleration. _J .

s

‘Mandibular- Ki'nes_io_gfraph:‘-pro\'(ides:new- capabilities:
: or.diagnosis. and: reséarch in: dentistry..

raphy in- 1942 3. and mecfxamcal tracmg of cher .
1ng ‘strokes in 1951.¢ Electronic. recording. tech-. ;
. niques ‘were first reported in 19535 to- record the
occurrence "and. duration- of occlusal: contacts
thIe mastlcatory movements ‘were bemg mon-
. itored. In this system,. tooth contact was record-
ed<on an oscillograph as opposing metallic tooth
sm:faces formed ‘‘make-or-break’” switches.
- _: The concept of* recordmg contacts with make- o
orbreak sw1tches was pursued in subsequent::
years. The utilizatior of occlusal telemetry in.
'~ 19618 and the introduction of simultaneous. elec-

ﬁnements to the original concept.. Instrumenta~ .
- dion to trace the actual movement pattern of the-
mandible ‘during the wide. variety of functional
‘and parafunctional excursions followed. 5 -
- Limitations inherent in the available systems
became apparent as the need for more refined
" data. crystallized. Clearly, the implantation- of L
.. switches on the oeclusal plane gave only infor- -

¢




matron on maxﬂlomandlbular contact, w1th sys-

" tem accuracy defined principally by the geom-.

- etry-of the, contacts. The elaborate transmitter

;';":,;isystems required large expend1tures of time: and -
--meney .and were limited to patients. havmg a-suf-
» ficiently large edentulous space to house the-

‘

to track mandibular movement as well as. tooth
“"contact, photoelectric transducers were mount-
ed. on clutches affixed to the maxillary and man-
dibular- arches. The interference of these pro-
truding elements and the mechanical oscillations

- of the supported assemblies introduced the: pos-
sibility of an altered propnoceptlve response by .

~'the musculature. .

A further limitation to pi progress in the study of
mandibular kinesiology has been.the use of cus-
tom circuitry for each person. Thus, data pro-

duced by these studies have not been subjected

" to critical analyses by other competent investi-
gators using the same mstrumentatlon tech— ’

- mques. AR e

= Functlonal requzrements af the mandzbular )
tracking system: On the basis of the pioneering " .-

work of prior investigators and the rigid require-

ments of a total systems approach to stomato- - g

- gnathic analysis, these criteria were defined as
essential for an acceptable system.
—The relationship of the mandible to the max-

" illa must be determined in thiée dimensions.

-transmitter.. In other instrumentation designed -

‘eral years. The system.senses the Spatial. loca-
tion of a permanent magnet that is mounted on*
.- the mandibular incisors ‘with a dental plastic as

- shown in Figure 2. (Setup time for each patient is
.~ about three minutes.) The system does not alter
. proprioceptive input either by interfering with -
. the occlusal plane or by limiting the normal range

. of mandibular function. :

" '—Data output must be continuous to- permit
analysis of the dyna.mrc components of mandlb- B
ular function. :
—The system cannot encroach on the occlusal '
plane so asto alter proprioception, ~ -\ .
—To avoid unnatural propnoceptlve mput;
and’ minimize mechanical limitations; on.. man-
dlbular movement, no- supportmg ‘structure:
irés’ should- protrude from the mouth
- The practxcaL use-of the system reqmres that
setup time be: ‘minimal ‘and ‘that ‘the system: ‘be
self-contamed ‘that is, compatlble w1th but m-

System descrlptxon and theory ot

»

operation Rt T

The Mandibular Kinesiograph* pictured in. Fig:
ure 1 is the result of system evelution over sev-




. Fig 1 'w. Mandibular Kinesiograph, . '
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.:"'; matlon on maxﬂlomandlbu]ar contact w1th sys-

- etry-of the. contacts." The elaborate transmitter

_to track mandibular movement as well as. tooth
“contact, photoelectric transducers were .mount-
ed.on clutches. affixed to the maxillary and man-
dibular: arches. The interference of these pro-
truding elements and the mechanical oscillations

- . - of the supported assemblies introduced the:pos- ' -~
sibility of an altered propnoceptrve response by .

'the musculature. .
A further limitation to progress in the study of

v . mandibular kinesiology has been.the use of cus-

tom circuitry for each person. Thus, data pro-
duced by these studies have not been subjected

i " to critical analyses by other competent investi- . .
' gators usmg the sarne mstrumentatron tech- ’

- niques. ...

work of prior investigators and the rigid require-

ments of atotal systems approach to stomato- - L

- gnathic analysis, these criteria were defined as
essential for an acceptable system.
—The relationship of the mandible to the max-

.. —Data output must be continuous to- permit’
analysrs of the dynamlc components of mandrb-"-

" tem accuracy defined principally by the geom-.

-systems.required large expendltures of time: and -
- +_.money and were limited to patients. havmg a suf- .
T T .ficrently large edentulous space to house the-
transmitter.. In: other instrumentation de51gned :

tion of a permanent magnet that is mounted on.”
""" the mandibular incisors ‘with a dental plastic as
. shown in Figure 2. (Setup time for each patient is
" about three minutes.) The system does not alter
. proprioceptive input either by interfering with -

’ -Functional re'qdirerhehts ‘of the mandibular
tracking system: On the basis of the pioneering -~~~

of mandibular function.
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illa must be determined in thrée dimensions.” "

lar functlon. : 3

plane sO as to alter proprroceptron, L
\—To avmd unnatural proprxoceptlve mpu

irés should protrude from the mouth
= The practlca} use of the system: requn'es tha
setup time- ‘be- mxmmal and ‘that the system "Be
se]f-contamed “that is, compatrble wrth ‘but
dependent of, any computérs or hlghly sopIns
cated ancillary equipment. : '
‘—Measurement in the vicinity of the occlusal
plane should be accurate within +0.1 mm, .
- —Thesystem should be wrdely ~ava11able and

electromc trammg

System descrlptlon and theory of ‘
.operation . R O L

The Mandlbular Kmesmgraph* pxctured in. Frg-
ure 1 is the result of system evelution over sev
ral years, The system senses the spatiak loca-

the occlusal plane or by limiting the norma.l range
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by the use of magnetically shielded rooms or
other special low noise areas, but our experience
has shown that such increased accuracy is of
limited value in a diagnostic or clinical situation.

The Mandibular Kinesiograph provides an
accuracy of 0.1 mm for resolution of mandibu-
lar positions in the vicinity of occlusion. At a
vertical opening of 20 mm, the geometric error is
approximately —3% in the vertical channel,
+5.7% in the anteroposterior channel, and, of
course, 0% in the lateral channel because of its
differential nature. There is, however, a cor-
responding gain-loss error in the lateral channel
of about —6% when the mandible is deviated

10 mm left or right at a 20-mm vertical opening;
(that is, if the jaw is positioned 10 mm to the left

of center at a 20 mm vertical opening, the Kine-

“siograph will read out a 9.4 mm change in lateral
" position to the left).

For increased accuracy with large motions
away from occlusion, a computer program has

. been written and is in use, according to an oral

report by A. Hannam, department of oral biol-

" ogy, Univérsity of British Columbia, that cor-

rects the system errors to a maximum of 0.5 mm
anywhere within a 40-mm vertical opening, for

“+10 mm of anteroposterior motion, and 10 mm

left or right; this more than covers the range of

function.

- Kinesiograph data samples

Figures 4 through 15 are examples of data rou-
tinely collected with the Kinesiograph. The diag-

nostic significance includes parameters such as

restriction and extent of movement, deviation
on opening and closing, evaluation of interocclu-
sal vertical dimension, deflection of the mandi-

- ble from premature contacts to' complete inter-

cuspation, the spatial relationship of rest posi-
tion to the intercuspal position and the pathway
of closure, evaluation of muscle relaxation (rest-
ing length is a prerequisite to registration of a
muscularly oriented occlusion), evaluation of
muscle coordination and the position at which
muscle incoordination occurs as indicated by
velocity analysis, and the skid of denture bases
in response to occlusal force showing direction
and extent. In addition, an objective evaluation
of clinical treatment progress is now possible
through successive recordings that document
the changes in the aforementioned parameters.

. The broad possibilities for research are shown

Fig 4 m Kinesiograph recording of envelope of movement on
sagittal plane showing one opening and closing stroke that
began and ended at centric occlusion (CO). (Notice angle and
position of “hingelike” swing of mandible when mandible is
manipulated or instructed to centric relation (CR). Then notice
different angle and terminal position of voluntary tap.)

Fig 5 m Two consecutive envelopes of movement showing mus-
cle strain on opening and closing. (Notice inability of patient to
retrace pattern.)

Fig 6 = Frontal plane. Two consecutive envelopes of movement
plus a single ciosure to intercuspation at centric occlusion:
(L, left; R, right.)

Jankelson—others: KINESIOMETRIC INSTRUMENTATION = 837



o,

by the use of magnetically shielded rooms or
other special low noise areas, but our experience
has shown that such increased accuracy is of
limited value in a diagnostic or clinical situation.

The Mandibular Kinesiograph provides an
accuracy of 0.1 mm for resolution of mandibu-
lar positions in the vicinity of occlusion. At a
vertical opening of 20 mm, the geometric error is
approximately —3% in the vertical channel,
+5.7% in the anteroposterior channel, and, of
course, 0% in the lateral channel because of its
differential nature. There is, however, a cor-
responding gain-loss error in the lateral channel
of about —6% when the mandible is deviated

.10 mm left or right at a 20-mm vertical opening;

(that is, if the jaw is positioned 10 mm to the left
of center at a 20 mm vertical opening, the Kine-

“siograph will read out a 9.4 mm change in lateral
" position to the left).

For increased accuracy with large motions
away from occlusion, a computer program has

. been written and is in use, according to an oral

report by A. Hannam, department of oral biol-
ogy, Univeérsity of British Columbia, that cor-
rects the system errors to a maximum of 0.5 mm
anywhere within a 40-mm vertical opening, for

" +10 mm of anteroposterior motion, and 10 mm

left or right; this more than covers the range of

function.

Kinesiograph data samples

Figures 4 through 15 are examples of data rou-
tinely collected with the Kinesiograph. The diag-

~ nostic significance includes parameters such as
restriction and extent of movement, deviation

on opening and closing, evaluation of interocclu-
sal 'vertical dimension, deflection of the mandi-
ble from premature contacts to complete inter-
cuspation, the spatial relationship of rest posi-
tion to the intercuspal position and the pathway

_of closure, evaluation of muscle relaxation (rest-

ing length is a prerequisite to registration of a
muscularly oriented occlusion), evaluation of
muscle coordination and the position at which
muscle incoordination occurs as indicated by
velocity analysis, and the skid of denture bases
in response to occlusal force showing direction
and extent. In addition, an objective evaluation
of clinical treatment progress is now possible
through successive recordings that document
the changes in the aforementioned parameters.

. The broad possibilities for research are shown

Fig 4 » Kinesiograph recording of envelope of movement on
sagittal plane showing one opening and closing stroke that
began and ended at centric occlusion (CO). (Notice angle and
position of “hingelike' swing of mandible when mandible is
manipulated or instructed to centric relation (CR). Then notice
different angle and terminal position of voluntary tap.)

Fig 5 = Two consecutive envelopes of movement showing mus-
cle strain on opening and closing. (Notice inability of patient to
retrace pattern.)

Fig 6 » Frontal plane. Two consecutive envelopes of movement
plus a single closure to intercuspation at centric occlusion:
(L, left; R, right.) :
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Fig 13 = Velocity trace of opening and closing movement of
same individual as in Figure 12. Note irregular change in velocity
and fecording of “click point” (point at which an audible click
oceurs).

contraction.

i
VERTICAL GAIN=S.]

Fig:15 a Four-channel strip chart recording of vertical position, antéroposterior posi-
tion, lateral position, and vertical velocity with respect to time (10 mm/sec) showing
Myo-monitor stimulation relative to voluntary tapping. Notice stability of rest position
of mandible between pulses and that position of Myo-monitor occlusion in this patient
coincides with position of voluntary closures.

Jankelson—others; KINESIOMETRIC INSTRUMENTATION = 839
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Fig 14 m Sagittal plane. Myb-monitor-induced mandibular clo-
sure, over which is superimposed voluntary closure. Muscles
were first pulsed for 15 minutes, to remove influence of proprio-
ception, until rest position, as shown by Kinesiograph record-
ing, was stable. Single Myo-monitor-induced closure and return
to rest position was recorded. Myo-monitor was then deactivated.
and patient asked to close mouth until teeth came lightly to-
gether. Recording shows that after muscles had been relaxed,
voluntary closure closely followed pathway of externally induced

i
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Fig 14 = Sagittal plane. My‘o-monitor~induced mandibular clo-~

Fig 13 a Velocity trace of opening and closing movement of sure, over which is superimposed voluntary closure. Muscles
same individual as in Figure 12. Note irregular change in velocity were first pulsed for 15 minutes, to remove influence of proprio-
and recording of “click point” (point at which.an audible click ception, until rest position, as shown by Kinesiograph record-

oceurs).

ing, was stable. Single Myo-monitor-induced closure and return
to rest position was recorded. Myo-monitor was then deactivated.
and patient asked to close mouth until teeth came lightly to-
gether, Recording shows that after muscles had been relaxed,
voluntary closure closely followed pathway of externally induced
contraction. i
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Fig'15 a Four-channel strip chart recording of vertical position, antéroposterior posi-
tion, lateral position, and vertical velocity with respect to time (10 mm/sec) showing
Myo-monitor stimulation relative to voluntary tapping. Notice stability of rest position
of mandible between puises and that position of Myo-monitor occlusion in this patient

coincides with position of voluntary closures.
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