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CHAPTER ONE
INTRODUCTORY REMARKS AND STATEMENT OF THE PROBLEM

Investizators have established the presence of proprio-
cention end organs in the periodontal ligament of human teeth.
Trey have alsc worked out Weber Ratios for the acuity o>f pro-
priocentive dlgcrininatim for stlmoulii which involve onle these
periodontal licanent recentors. These stinulii have been, for
the most part, forces applied to the various surfaces of the
dentition. -

Although little work has been performed on dimensional
proprioception, it is thought that this quantitative dimensional
propricception is dependent on more than afferent input from
tihe periodontsl lizament. It has been further nostulated that
the periodontal ligament receptors merely confirmed firm contact
bv the maxillary and mandibular anteriors with the wire. The
actual dimensional sropriocentive discricimation would then be
derived from the positism of the umandible in relation to the
cranial base. This position could be determined by sensory
imput from attached muscles and/cor receptors in the temporal
wsandibular ioint.

The purpose of this thesis 18 to ascertein the aculty of

diwensiosnal »roprioception for the normal and various types of
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salocclusion, in particular for Angle Class I, Class II division
1, and Class III malocclusion. It is the hope of this authox
that a sutsequent work will test the same subjects after or-
thodontic treatment to determine gain or loss, if any of such
proprioceptive funmctiom. Further, from such combined results
1t i ucped the wole of various proprioceptive orpans may be
more accuratel; assessed. This study will apply its findings
to the Weber and Fechner Law in a test of 1lts validity for
dental disensional yproprioception and cephlometric roentgeno-
sraphic tracings of the arcs »f inecision for normal and Class
I, II‘and I11 mal&cclusisna will be correlated with the eval-

uation of the measured proprioceptive paramneters.




CHAFPTER TWO
REVIEW OF THE LITERATURE

1. DEVELOPMENT OF THE WEBER AND FECHNER LAWS AND THE STEVENS

RATIO

in 1790, Bouguer cast & shadow of one candle on a screen
which was at the same time illuminated by a second candle. He
noted that the ratio dI/X was more nearly constant than the
absolute I. (I is the absolute light intensity; dI is the
least discernible increment of intensity.) The most noteworthy
point is that he discovered that the ratio 1/64 remained constant
even when the brightness of the candies varied,

Sixty years later (1850), a study by Weber dealt with the
perception of small differences between weights and lengths,
and tone pitch. He found that & subject noticed a change in a
stimulus, called the just noticeable difference, when it consti~-
tuted a certain proportion of the stimulus. This proportion was
found to be a constant. He found this ratio (dI/I) to be 1/100
for length of lines, 1/30 for welight and 1/160 for tomes.
Weber then declared, "In comparing objects and observing the
distinction between them, we perceive not the difference be-
tween objects, but the ratio of this difference to the magnitude
of the objects compared.”

Fechner, using Weber's proposals then attempted his cor-

e e ———




relation between the psychological and the physical. He
measured the relation betwaen the size of the stars (according
to available astronomical information) and their photometric
intensity. He then expressed Weber's principle as the forumla
dI/I=C and called it Weber's lLaw. (dI 1s the change in intensity
of the stimulus, I is the stimulus, C 18 the constant, and dlI is
commonly referred to as the J. N. D. or the Just Noticeable
Difference.)

Later, Fechner performed additional experiments and stated
nis own law (Fechner's Law): The magnitude of a sensation is
proportional to the log of the stimulus intensity. Formulated,
this reads: 8=C log I, where 5 i{s the sensation, C is a constant]
fractional relation hetween the two intensities, and I is the
stimulus. Thus, Fechner tried to determine the gbsolute

threshold (minimum intensity of 2 stimulus to be perceived) and
the differentisl threshold.

SOME TECHNIQUES AND RESEARCH ON WEBER AND FECHNMER'S LAWS

Practically from the time of its development researchers
had doubts concerning certain aspects of Weber's Law. In 1890,
Janes stated that he felt it was probably purely physiological

in nature and that one could not tell what the Just Noticegble

Difference was without computing a great number of sensations.




muscle, nerve and retina (of the frog). He noted that Fechner's
Law (5=C Log 1) applied only in the middle range of his sensation
scales. He then applied this to human function and reaapned it
to be true here also on the grounds that if maximum increment of
sensation equalled the increments of stimulation all the way
down near the threshold this would result in ever minute ever
present stimull causing an intolerable state of hyperaesthesia.

Regarding the sense of smell, Gamble, in 1898, fixed the
Just Noticeable Difference value of dI/I at 1/3 to 1/4. Thus,
he demonstrated at least a partial application of Weber's Law
to that sense.

By working with lifted weight, Fernberger in 1913 demonstra-
ted that practice did not affect the measured sensitivity of
this sense organ. Using a twofold technique of constant stimuli
and then the Just Noticeable Difference, he determined the dif-
ference threshold to be constantly larger in the decreased
stimulation direction and constantly smaller in the increase
direction. This seems at variance to the work of Kawamura in hisj
research with gradiated wires where he found that when the sub-
ject first hit on the larger wire (2mm then 1.%mm) there reaulte&
100% discrimination; whereas, when the subject first bit on the
smaller (1.9 then 2.0mm) there was only 307% of correct discriminaL

tion.
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Working with differences in weights, Cordwick followed
Sanford's envelope weight experiment and showed a continuous
decrease of the Weber Fechner Ratio from lighter to heavier
piles of envelopes. He determined that the Weber Fechnér Law
could thus only be approximated.

In 1924, Hecht stated that he felt the Weber ratio to be
constant only within the moderate ranges of intensities; and,
like Cordwick, he believed the Weber ratio decreases steadily as
the intensity increases.

Again in 1924, Woodward, et al, speaking on Weber's constant]
states that it is a rough emperical generalization for the wmid
ranges of most senses. He considered these mid ranges the
working area of the senses.

Two years later, Culler contradicted Fernberger's findings
by stating that under certain adaptive conditions with succeedinﬁ
levels of stimulation the Weber Ratio appears constant. This
suggests an inverse function of adaptation for Weber's Law.
However, Zoethout, in his work with the evaluation of light
intensities, (1927), explained the failure of Weber's Law in
dim 1light to “selflight" of the retina.

Emphasizing the psychic aspects, Parsons (in 1327), states
the apparent intemsity (of a stimulus) 18 varied by the attention)

of the subject - being greater when total attention is paid to




the stimulus. It then usually follows Weber's Law.

Adrian (1928) noted a proportionality between intensity of
sensation and the frequency of impulses along the involved nerve
fiber. He thus attempted to show a close correlation between thej
physical properties efferent sensory nerves and the mental
evaluation of efferent imput.

Thurstone tested both the Weber and Fechner Laws by the
equal appearing stimuli method. His results satisfied the
Fechner equation but not Weber's Law. He concluded that there
probably was no connective between these two laws.

In the same year, Helmholtz verified at least the approxi-
mate accuracy of Fechner's Law for light intensities.

In an experiment in tactile sensation, Cattell, et al,
(1931) used an airblast stimulus on frog skin and was able to
observe (in individual nerve fibers) that if the stimulation was
longer than the rest periods, adaptation soon occurred. Also
noted was that with shorter stimulations and longer rest periods
the receptors followed a high stimulation rate for a lomger
period.

In a work somewhat more intimately related to the hypothesis
of this thesis, Matthews (1931) experimented with the muscle |

proprioceptor and adaptation. He plotted the frequency during

' the first two seconds after the load was engaged against the log




of the load and obtained an almost straight line. Intereatinglyﬁ
he attributes this phenomenon to properties of the end organs
rather than the central nervous system. |

In 1933, Urban, in an article, "The Weber Fechner Law and
Mental Measurement," felt that equality could not be produced by
a constant that attempted to equate psychic and physical entitie&.

From a geometric standpoint, Fechner's Law was restated by
Best, et al, in 1955. "To cause a series of equal increments in
sensation the strength of the stimulus must increase in geometric
progression."

Supporting somewhat the tactile work of Cattell on skin,
Leeford, et al, in 1935, noted that for audic intensity the
Weber Fechner constant was, among other factors, a function of
the interval between tones. In a similar vein, Cozier (1936)
held that there was variation of sensation response to a parti-
cular organ but that this was due to the organ's ability to
change its capacity to exhibit reactions.

In 1936, Grindly found evidence that the value of threshold
is (in some cases) a function of the rate of stimulation. Also,
he held that the threshold was usually greater for the decrease
of pressure and that the threshold for increase of pressure was

less. Kawamura, in his wire dimension experiment (1360), seems

at variance to this. Steinhardt (in 1936, also) demonstrated a

gk S
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large Weber ratio for low intensity stimulation. The ratio
decreased as the stimulus intensity increased but did not
(normally) increase again at high intensities.

Holway, et al, (1937) concurred with the findings of
Telford, et al, in that he held that variation does occur in the
organism's discriminatory performance. This variation, he
believed, could be used to establish various properties of the
organism due to its capacity to vary performance. Holway had
stated he felt the Weber Ratio was a specific dependent and
reproducible function of intensity for particular semnsory modali-
ties.

Again in 1937, Holway, et al, found in his work with weight
discrimingtion that precision of judgement varies directly with
differential semsitivity and that this relation may be invariant.

The work of Van Leeuwen (1949) demonstrated the validity of
Weber's Law as a property of a single stretch receptor of the
frog muscle. He also cautions that Weber's Law only shows it-
self clearly when a large number of results are considered.

Thus, there are individual cases of fluctuationm.

Manly, (in 1952) worked with dentition natural vs. arti-
ficial and dimensional proprioception (that is thickness of
discs, pressure of fibers, food texture and hardness of objects),

He showed the sensitivity of anterior teeth to be about ten

I e




times that of posterior teeth. Kawamura (1960) in his wire
discrimination work is (for wire thickness proprioception, any-
way) at complete variance and finds anteriors and molars to be
about equal.

Geldard (in 1953) stated that for a single pressure sensi-
tive spot, the Weber ratio appears to pass through a definite
minimun of middle ranges of effective stimuli.

Fulton (1955) stated that Weber's Law applied only for a
very limited range of intensities and this was assuming small
continuous changes in the Just Noticeable Difference were
ignored.

Barlow (1957) holds that Weber's Law is valid for long,
large stimuli, especially at high intensities but the upper and 1
lower limits of the curves deviate.

The third major proposition (the first being Weber's Law,
and the second being Fechner's Law) in the field was developed
by Stevens (1957) but foreshadowed by Guilford im 1932. Guilford
(1932) developed a psychophysical power equation dS=Ks®, (in
Weber's Law n is 1.) This equation is expressed verbally as,
"the just noticeable increment in a stimulus is equal to a
constant times the nth power of the stimulus."

However, it was Stevens who perfected the power equation as

d5=K1%X, He stated a principle that equal stimulus ratios tend
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to produce equal sensation ratios. He related direct assess-
ments of subjective magnitude to the stimulus by a power function
stevens believed the fact that the Just Noticeable Difference
sensory scale is a logarithmic function of the stimulus scale
(when the scales are compared the JND's are not equal) invali-
dates Fechner's assumption.

Kawamira (1959 and 1966) as discussed earlier in this
review, found that the Weber Ratio for natural dentition wire
discrimination was 0.1 and that the periodontal ligament was
necessary for judging the size variation of the smaller wires,
but not the larger ones. (Denture patients could discriminate
these as accurately.) This indicated to him a role of the
temporal mandibular joint and oral muscle receptors.

Wilke, in 1964, found (using a spring aesthesiometer) that
the mean axial threshold for maxillary and mandibular central
incisors was .52/.44gm. He felt there was evidence of a direct
relationship between axial and radial thresholds.

In 1965, Grossman, et al, found that certain areas in the
oral cavity varied in tactile sensitivity and this was a direct
reflection on the regional distribution of the nerve supply. He
especially cited the upper lip then the lower lip and tongue for
their tactile sensitivity.

Bouman and Nakfoor (1963) worked with forces on central
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incisors of children. He determined the Weber Ratio to be ten
to fifteen per cent of the standard applied force values used.
They felt the Stevens equation was more applicable for their
work than Weber or Fechner's Law.

Soltis (1968) compared two groups of orthodontic patients
one group requiring extraction of teeth; the other not requiring
extraction and found no significant difference in proprioceptive
abilities of maxillary anterior periodontal ligament function.
He noted that both groups had a lessening of proprioceptive dis-
crimination when orthodontic forces were applied to these teeth,
but that this ability slowly returned as the forces of ortho-

dontic appliances were lessened.




2. REVIEW OF MUSCULAR ASPECTS

Rawamura, in a dissertation on occlusion, states, "Without
physiologic contraction of the jaw muscles and without normal
movements of the temporo mandibular joint, even a subject with
a morphologically normal occlueion i{g unable to occlude the
teeth properly."” New literature tends to include anterior
dimensional proprioception in this muscle temporal mandibular
joint relationship., He then suggests that the voluntary mandi-
bular movements are controlled by a minimuwm of two different
areas of the brain, the "cortical jaw motor area' and the
"amygaloid hypothalmic area."

In 1937, it was revealed that the jaw motor area nccupiled
a large portion of the motor cortex suggesting such movements
to be well provided for by numerous cortical cells permitting
refined and skilled maneuverings. As early as 1934, experiments
on cats showed that mammalian motor éartex stimilations excited
jaw openers and relsxed jaw closer muscles. Kawamura recently
demonstrated on rabbits that the cortical motor area was con-
cerned primarily with jaw opening and the amygdaloid-hypothalmic
area with closing. Later, he raised the question of a functional
imbalance between these two brain structures (e.g. emotional stress
or abnormal sensory input) may interfere with the proper physio-

logic movement of the mandible. It seems possible to this




author that such factors reacting on certain areas of the
prain could have & deliterious effect on oral dimensional
proprioception and certainly on the path of mandibular arc of
incision. A further question is, does the diffaranttarchial
pattern demonstrate for Class I, II, and III ccclusions result
in altered ability for such dimensional proprioception.

Kawamura describes physiologic rest position of the
mandible as that position where all jaw muscles are without
active contraction, and the mandible is only tonically suspended
against gravity. He then states that somatic sensory data from
stomatognathic structures are transmitted to the V sensory
nuclei{ in the nedulla and from the proprioceptors of jaw muscles
to the midbrain trigeminol nucleus, Sherrington defines
proprioceptors as receptors giving data concerning movements and
position of the mandible in space and discharging when changes
(1.e. in the muscle of mastications) occur. These mechanics
are not under conscious control.

By 1943, such men as Szentagotha, et al, had shown the
midbrain trigemina nucleus cells to be unipolar to the motor
neurons of V with one synapse (i.e. monosynaptic) and then to
the muscles of mastication, Stating the process reflexly, the
' muscle proprioceptors transmit through the midbrain nucleus to

the trigeminal neurons in the pons. Kawemura states, "Even




glight temsional changes of the jaw muscle induce a response in
poth the midbrain nucleus and the motor nucleus of the trigeminal
nerve.''

Finally speaking of the temporal mandibular joint, they
(Kawanura, et al) have found many modified Golgi - Mazzoni End
Organs in the fibrous joint capsule of the cat temporal mandi-
bular joint. They state whenever the condyle moves, sensory
information from the joint capsule is transmitted to the tri-
geminal motor nucleus which innervates the jaw muscles.

Sirila, et al, have demonstrated the ability of incisors
to perceive the presence of sheets of tin foil as then as 10
microns to 30 microns. They attempted to relate this periodontal
proprioception to the oral stereognosis and motor ability work
of Berry and Manhood (in which subjects were asked to identify
various geometric shapes of ten lmm thick tabs of acrylic, while
the motor ability test involved fitting together a series of
sets of two pair of blocks). They found no conformity between
periodontal sensory appreciation and either the oral stereogno-
sis or moter ability tests. Quite the converse was noted, how-
ever, in the clear correlation between the results of the oral
sterognosis and motor ability tests. From this comparative
experiment, they concluded that "Evidently, it is the tip of

the tongue that is the most important feeler of objects enter-
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ing the mouth. 7The teeth serve only as supports against which
the tongue presses each piece it feels out. Speaking of the
teeth, their "unexpectedly high" perceptive sensitivity was
noted and 1t was stated “their (teeth) most importaut function is
to determine the thickness of objects coming between them."

Eloma recently (1960) noted some significant factors in
this comparative threshold work on permanent teeth and age.
Using wediun frequency altermating current pulses and monophasic
direct current pulses -f 5Sm sec duration, he found that threshold
excitation is independent of body weight and sex and decreases
at the final stage of root development and age. He postulates
the cause as due to the "'Growth and degeneration phenomenon of
the nervous receptors of the demtal pulp."” Further, a daily
minor variation in threshold was noted.

Hollstein measured the least perceptible thickness of
testing wires but failed to include the Weber Ratio or indicate
the perceptivle difference between two thicknesses of wire.

Manly, et al, (1952) compared thickness between two wires
of varying materials. The wlres, however, were quite thick and
few in number.

The most closely related work to this thesis is that of
Kawanura who in 1959 related a study covering a total of six

(3 natural dentition, 1 complete demture, 1 maxillary denture,
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1 mandibular crown)with all other natural teeth subjects and
wires gradiated at 10%, 20%, 307% to standards of 1, 2, 3, 4,
5zza.  His results noted that the order in which the testing was
carried out effected the Weber Ratio. He used thicker first;
next, he tried the thinner first, and finally a mixture at
randon. The first resulted in 10% discrimination (for 2.00mm vs.
1.9m). The second way (thin then thick) resulted in 30% dis-
crimination, and the random resulted in 80% discrimination.
Speed testing was not a factor in accuracy; therefore, he
assumes that the discriminative ability of these teeth is "not
effected by physic or other bodily conditions.” 1In the cases
where dentures replaced upper or lower dentition efficiency of
this dimension judgement was strongly reduced. However, the
discrimination of the post crown patient was nearly equal to
that found in natural dention subjects. From his data, Kawamura
states that persons with natural dentition can discriminate with
1007% accuracy between two wires with a diameter difference of
10% (Weber Ratio=0.l.) Since this same ratio was shown for both
the incisors and molars (even though molars show less tactile
sensation than do incisors) the results are attributed to the
degree of difference of overbite between the molar and incisor.
Thus, he assumes that the pattern of pressure against the tactile

receptor is to be changed in the incisor "when the testing wire
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is thicker and the degrees of opening for bite go beyond the
pormal overbite level.”" Since a complete denture patient with-
out & periodontal ligament could still discriminate between two
comparatively thick wires as well as the natural dentition sub-
jecte, he assumes that "when the mouth i8 opened beyond a certain
degree, the seases of the mandibular jolnt might come into

action strongly."”

since amount of opening and wmandibular position seem to
bring into play variocus miscle and joint receptors {other than
those in the periodontal lizament;, some &spects of mandibular
position aud muscle tone will now be reviewed,

Jacobs, studying effect of muscle tone on mandibular nosi-
tion, states that, "there is no random activity of wotor units in
a resting muscle to afford an 'active tonus.” These electromyo-
graphic studies indicate that “considerable movements may be
performed without releasing reflex activity in the muscle iteelf.
He then closes by denying the old assumption that muscle stretch
and stretch reflex are adequate stimulus to maintain an active
tonic condition.

Along similar studies, Ahlgren noted that "during active
lowering of the mandible, no action potentials were recorded
from the elevator muscle." He noted, however, that in elevation

the action potentials appeared in the antagonists near the

-
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begioning of that movement.

Concerning maximal jaw openings, & survey of 436 adults with
a normal functioning masticatory system demonstrated the mesn
maximal opening to be 50.23mm (Lingell 1967).

Trasozzano, et al, in speaking of the terminal rotational
position of the condyles, says, ''Rotation will also take place
if there is one point of contact between a moveable extension
and 8 fixed surface. It is this type of movement which may
account for the fiading of multiple hinge axis points." This
shows the extreme mmber sf mandibular positions possible, and,
tharefore, the multitude of different stimulation patterns pos-
sible for dimensional proprioception.

Finally, Kawamura {1963) in a study of the Temporal
Mandibular joiuts sensory mechanism of Che cat states that
histologically many golgl - mazonni end organs are in thae fibrous|
joint capsule especially at the frontal and postevior parts. He
also notes a rapid bulbar and spinal trigeminal sensory nuclel
response to condylar movements. From this result, he assumes
that muscle proprioceptive mechanisms and possibly also proprio-
ception from the temporal mandibular joint strongly participate
to control the muscle activities of the jaw.

Brill (1957) states that the function of muscular activity

is based to a degree on nervous impulses originating in the
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proprioceptive system and this psysten's rerve endings or receptor
ovgans are found in muscles as spindles. He further states that
in periodontal ligaments and joint capsules & great number of
gimilar functioning receptor Organs are also found. A muécle
consists of motor units which, in turm, are made up of a group of
muscle cells and a nerve fiber. Thase cells which belong to the
saune wotor ualt are distributed throughout the muscie. Thus,
muscle colls respond at the same time and with the equal force.
However, som2 motor units poscess mors cells and require greater
seimulation to fire than others. He states muscular sctivitcy
originates in the swallest units of the 1owest threshold values.
He concludad that conscisusness merasly is used to initiate and/ox

rerminate inherent reflexes patterns.
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3. ARNATOMY OF THE MUSCLE SPINDLE

treat quantities of information are tramsmitted from the
mscle and tendons to the spinal cord and the cerebellum (Guyton,
1961). They cause reflexes associated with equilibrium, posture,
and damping. There are two variaties of muscle-tendon sensory
organs: the muscle spindle and the Colgl tendon apparatus. The
muscle spindle 48 built around three to ten very minute intra-
fusal muscle fibers which, in turn, attach to nearby skeletal
muscle fibers. Each intrafusal fiber has a middle zone heavily
mucleated and without cross striations. This portion cammot
contract but rather is stretched when the ends of tha intfafugals
are contracted. The annulospinal nerve ending 18 entwined around
the center. From this ending goes ''large type A perve fiber"
(16 microns or greater). On either side »f the micleated ares
are flower spray nerve endings. Thevy are commected to a smaller
nerve fiher (8 microns). A far more severe stretchine of the
spindle i3 required to excite these.

The nerve supply of the intrafusal fibers, per se, is small
gamna motor nerve fibers. If these are stimulated, thev canse
the spindle to contract. The central nervous svstem is8 able
consequently to regulate the muscle spindles by regulating the
camma efferents. The muscle spindle can be stimulated in two

ways, (1) stretch of the entire muscle belly (This stretches the
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muscle spindles) or (2) by contraction of the intrafusal fibers
of the spindles. Either results in a stretch of the center of
the intrafusal fibers. It is this stretch which excited the
miscle spindle., The amount of stretch is important since
excitation of the anulospinal endings (small amount of stretch)
excites the homonymous muscle while excitation of the flower
spray (only great stretch excites) inhibits (by reflex) the
muscle.

The receptor functions as opposed to the spinal cord and
cerebellar reflex functions of the muscle spindle are detection
of muscele lenzth and rate of change in the muscle length. Thus,
the spindle responds instantly to phasic changes in the mnscle
length but in a few seconds it adapts and then the set or static
length of the muscle determines the degree of stismulation.

The central nervous system is able to regulate the wuscle
gpindle response through the gawma efferents.

The tendor areas ave supplied with a specialized nerve
ending the Golgl tendon apparatus. It lies between tendon fibers
and is stimulated only by tension on the temdon. It differs
from the spindle in that it detects muscle load. It, too, is
connected with a large (16 micron) nerve fiber and when stimu-
lated initiates an inhibitory reflex in the muscle to prevent

damage from overload.




tost of the muscle spindle - Golgi tendon organ information
is oot transmitted into the conscious portion of the brain, but
ratier to the spinal cord and to the spino-cerebellar tracts and
into the cerebellum. However, those sensations that ave trans-
aftted into the couscinsus part of the braln give a subject con-
tinual knowledge of the force with which he is contracting his
muscles. Thus, he can determine the mggnitude of weights he is
11fting or force he is applving. This is “muscle sensation.”

It is thought that the large sensory fiber to the muscle

spindle does not transuit sensorv information directly into the
comsclous areas of the brain but rather goes to the spinal cord
and cevebellum as the afferent arm of veflex reactions. It 's
the intermediate sizad fiber (8 microns) with its flover ending
that transmits into the consciosus area and, thus, mwch ~f our so
called muscle sense comes from the flower spray endings.

Grantt {1952} contends that as far as is now known, gamma
fiber activity is not resulated by muscle length except for
extreme lengths. He belicves that single fiver work is not al-
ways applicable to peneral situations bhecausze e 18 using pars
pro toto, and there 18 a kind of overlan of efferent immervations
and, thus, spindles do scme averaging of efferent net effect.

In the same year, McIntyre stated that although not definite

1y settled, the balance of evidence indicates that most muscle
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spindle signals do‘not reach cortical levels, and the stretch
receptors probably play little significant part in comscious
proprioception. He further states that probably most of the
cortical representation is to signal injury. The sense of
movement and position being served by receptors mostly outside
the muscle. He gives pacinian corpuscles joint, subcutaneous
and cutaneous receptors as examples of such receptors.

Shimazu, et al, (1962) suggests three kinds of central
nervous system comtrols: 1. a diffuse activating nathway
wrobably maintaining muscle tone through the Gamma Loon; 2, a
reciprocally modulating pathway for smooth and reciprocating
movement; 3. some muscle spindle Group JI fibere apnear to
receive special efferemt CHS control.

Boyd, et al, (1962) speaks on groups of aorigir in rhe
nerves to skeletal muscle of gawma one and two fusimotor fibers
and supgesis that thickly and thinly mvelinated pamma fibers are
representative subdivisiong of the tvaditional geunma group into
two components which are, perhaps, the stem fibers of the gauma
1 and gama 2 wotor fibers Ffound at the spindles respectivelv.

Baker (1962) im an article on the structurve and distribution
of muscle receptors states that the muscle spindle of the cat
(rectus femorus muscle)has a complex afferent innervation consist-

ing of one primary and two secondary endings to an intrafusal
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muscle bundle which bas oue large nuclear bag fiber, one inter-
mediace fiber and three small nuclear chaln fibers. The secon~
Jary ending next to che primary is culefly iags and spirals and
the uther chicofly sorays.

Taker, et al, (1%582) the same vear speaking on the inn~r»‘
vation of individual intrafusal muscle fibevs reports the
presence of a number of very fine nerve fibers in spindles which
immervate the intrafusal muscle fibers in the equatorial area.
They branch and end as free 2pilemal terminals in the area of
sensory innervation, They cwmelude that they are probably
sympathetic fibers and cause significant chanzes in the thrashalq
of spindle receptors applled to stretch as per Hunt {(1960).
Further, Cooper (1262), writing on the behavior of spindle
recepio-s durlng muscle streteh states that the marked vesponses
3f the primary endlngs to any form of movement of the muscle are
enhanced and controlled when the spindle wmotor 1is intact.

Painial {(1962) in a discussion on responses and pressure
pain receptors of mammalian muscles concludes that 1{f one is
searching for pressure pain endings me has merely to find end-
ings connected to fibers with a digmeter of about 1 to 2 microns
near their termination and the majority of these shruld be
pressure paln receptors.

Cooper, writing in 1953 on proprioception in the tongue
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confirmed histologically, the prescive of a goodly supply of
puscle epindles in the intrinsic wwscles of the human tongue,
alse in the monkey but failed to see them in rhe torgue of the
cat and larh. The pathway for these organs is believed to lie
in the hypogloszeal perve and unrelated to the semsory type tang-
12on cells In the tongue. Coosper furrher notes that through the
lingual nerve the tongue has very rich afferent commections with
the trigeminal nerve complex and, perhaps, as suggested by
Baron {1235) some tongue pronrioccentors send messsges to the
hrainstem b this nerve. She further emphasizes that other end-
ings may act as law threshnld stretch receptors, for cxample,
stretching a cat extrancular muscle stimmlates the third nerve
aven though in spite of the ahsence »f muscle spindles (Cooper
and F{llens - 1952),

Urenla (1959) in his w rk on morphological shservations on
the living neuroruscular spindle, isolated spindles from a
living frag. He noted that (in contradiction to fixed prepara-
tions) most spindles occupled only & part of the total length of
the muscle. In virtually all of the fifty spindles exanined,
each intrafusal muscle bundle contained only one primavy {r-
regular amnulo spiral structure.

Further, no equatorial zone »f interruption of cross stria-

tion common to all the intrafusal fibers in a bundle was noted.
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Robertson (1960) states that stretch on the whole muscle or
stiwulation of the efferent nerves to the iutrafusals both result
in an increase in afferent impulees from Lhe spindles. He fur-
tuer States that each iunctraiusal fiber is a cuntinucus sﬁ:ucture
cunning from tendou to tendon in the muscle. iHe descrives
spindles as areas in which the number of wyofibrils is greatly
reduced, the area of muscle wembrane greatly increased in folds.
He visualizes a cup-like extension of muscle ctissue around a
spindle axon. Upon contraction of this muscle the molecules of
the axon membrane could be separated resulting in depolarization
and an action potemtial.

Kennedy, in a recent article (17063) uu the Innervation of
tire human muscle spindle describes i¢ as a dense inunecvation im
comparison to extra fusal wuscle. In his study, he used human
intercostal spindies strained by silver ilwpregnation. de noted
most spindles had between ten and eignceen nerve fibers, the
largest going to the nuclear vag and nuclear cliein area. 1t then
branches and these give vff short extensions which coil around
wuscle fibers and terminate as tufts. Further, wost spindles
also have secundary nerve endings, and some intermediate fiovers
also encer ithe spindle. These latter ave preswncd o be aotor anl
have bulb, sphere, and spray ende. Finally, & fourti group of

fibers is observed to erwer the spindle. Thesge are very thin
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and have simple endings. It 1s not certain if these endings

are placed on intrafusal muscle or connective tissue.




4. THE ROLE OF THE PERIODONTAL LIGAMENT AND PROPRIOCEPTION

The following cross section of data on the periodontal liga-
wment, for the most part, demonstrates the maxillary and mandi-
pular branches of the trigeminal (v) nerve as its aourco; of
innervation. Nerve fibers are found to come from surrounding
alveolar bone and from the apical regiom.

Peaslee (1957) believed sensory nerve supply for the tooth
was derived from pulpal origin. He was also one of the earlier
men to write of the sense of locality (or ability) of the denti-
tion to pinpoint locations. Black (1924) believed so stromgly
in the innervation of the periodontal ligament and its being
the source of proprioception for the tooth that he felt that thig
sensation would remain intsct even 1if both gingival and spical
ends of the ligament were disected awsy. A few vears prior,
Noyes (1921) spoke of end organs or at least free nerve endings
in the ligament., He felt they were beadead in shape. In his
assessment he limited the semsory function of the ligament to
touch omly.

Bradlaw, some fifteen years later (1936), described the
nerve endings as terminal coils. He also diecovered that the
periodontal nerve fibers on occasion arrive at the ligament by
way of the interdental septum. That 1s, they enter the septum
and then travel through it before entering the ligament.
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Van der Sprerkel in the sauk yea described three distinct
endings for the nylineated nerve fibers. 1. Especially in the
central portion of the ligament he found axons devoid of thelr
myelid sheath, 2. Close tou the bony reticulum he discovered
certalo swall end ringe. He felt thelr function was for pressurd
propeioception. Finally 3. Surrounding the various nuclei of
tne conmective tissue of the ligament were terminal reticula.

Again In 1336, Brashear noted cthat lerge nerve fibers are
found i the periodontal ligament out not in the dental pulp.
He felt this showed the selective nature of the distribution of
dental sensations.

Lewinsky aud Stewart (1937) carefully traced and described
tie ligament fibers that origineted from the apical area of the
tooth, Tuoey aoted these went toward the gingiva and were seen
with blood vassels in longitudinal bundles. ‘There appeared two
nain types of fibers, thick and thin. The thick were noted o
have two variaties of special endings end organs. These were a
knobby swelling and fine bramching organs. Thnese end organs
wera linked with dental tacrile and pressure sensatious.

Dealing with forces, Pfaffisan {1337) demomstrated that a
force agalnst & tootu (frou ome directiosn only) stimulated a
single fllLer preparation; waereas, when a full nerve (runk was

used, force applied to che tooih from any direction zave a




peural response. From this, he concluded that with the tactile
endings in the periodontal ligament only one of deformation of
the particular receptor aorgan is effective.

In 1940, Corbin and Harrison working on the mesencephalic
root of the cat demonstrated that dental proprioceptive impulses
were directed through the lower caudal half of the root.

Ness (1954) working with the rabbit's central incisor dis-
covered responses were related linearly to the log of the magni-
tude of the stimuli 1if the force was less than 100 grams. Fur-
ther, he moted that the end organs showed dicectionality and
believed this was possibly a property of the orientation of the
individual receptors.

A year later, Lowenstein and Rothkamp (1955) compared vital
and non-vital teeth and their sensitivity to a spring aesthio-
neter. The vital teeth were found to be more sensitive and they
postulated the presence of intradental receptors (pulpal) in
addition to the ligament end organs. ie gave 2.5 gm as the aver-
age threshold for teeth (which he felt classified teeth as organs

of high sensorial sensitivity.) He held that thresholds increasefl

significantly from incisor (.9gm) to first molar (4.5gm).

Further, he held a fifty-seven per cent rise in threshold of

pulpless teeth. The work concluded evidence exists for existence|

of intradental as well as periodontal pressoreceptors.
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Rapp, et al, in 1957 noted throughout the periodontal liga-
ment , highly organized encapsulated neural terminations. They
were described as consisting of intertwining fine neurofibrils.
The general shape of the structure was ovoid.

In 1959, Bernick described two varieties of nerve endings
gccording to the type of fiber. Medulated fibers and ends
devoid of the myelin sheath and the ummyelinated fibers were
drawn into spindle like endings. The non-modulated fibers
formed branchings (arborations) and free nerve endings came from
these.

Kruger and Michael (1962) ﬁurkiﬁg in 8 similar vein to
Pfaffman (1939) told of it usually being necessary to check the
particular surface of a canine of a decerebrate cat to give a
response to a particular precise tactile stimulus. Further,
they felt the dental end organs to be fast adapting.

A vear later, Jerge reported two general groups of inner-
vation patterns for dental pressoreceptors for the cat. The
first group involved a response when a single tooth was stimu-
lated. The second seemed to supply (innervate) a group of teeth
and even adjacent soft tissue. (Perhaps the tissue remnants of
group two are responsible for some of the discriminative ability
of denture patients by Kawamura in 1967.)

Kizior, et al, (1963) demonstrated that semnsitivity to
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force application was greater along the long axis of the cat
canine than other axis. They used identical forces and applied
them to various areas and at various angles to the canines.

They explained this on the basis that the ancapsulnﬁad oval
end organs immervated by large nerve fibers were observed only
in the apical 1/3 of the periodontal ligament. They felt these
receptors would be more distorted from a long axis force than
a lateral axis force.

Bowman and Nakfoor (1967) noted no directional semsitivity
in human maxillary incisors. They demonstrated almost identical
equations for expressing the psychophysical law with forces ap-
plied the long axis (a5 .231'861) gnd forces applied 90° to
the long axis (dS .241). Nakfoor (1967) noted in orthodomtic
patients that following four days of light orthodontic forces
(applied to central incisors) a change in the ability of the
patients to differentiate difference in forces applied to these
teeth. Furthermore, after four days, the pain threshold was
markedly lowered.
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CHAPTER IIIX

INSTRUMENTATION AND METHODS

1. Introduction
Twenty-two subjects were used in this study. They consisted of
pormal and variocus types of malocclusions. Five were Angle
Class I malocclusions. Six were Angle Class I or mormal molar
relationship with all dentition within normal parameters of
positioning., Normal molars - malaligned anteriors. Six were
Class II malocclusion with the mandibular first molar either
in end to end or disto version to the maxillary first molar.
Five were Angle Class III molar relationship. In this study
all patients were unbanded.

The subjects were analyzed in two respects. First, demen-
sional proprioceptive discrimination abilities, and secondly
in the path of their arc of incision. A correlation was then

produced between the aforementioned Angle classes.

These materials comsisted of gradiated bar stocks turned to
an accuracy of 0.01 of a millimeter. Thelr surfaces were satin
finish steel. Their shape, cylindrical. A series of such bar

stocks were standardized at five per cent intervals for four
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increments above and below the standard. There were five sets

of standards.

standard plus 202 2.4 7.2 14.4 21.6 28.8

" " 15% 2.3 6.9 13.8 20.7  27.6
" " 10% 2.2 6.6 13.2 19.8  26.4
. " 5% 2.1 6.3 12.6 18.9  25.2
standard 2.0 6.0 12,0 18.0 24.0

standard less 52 1.9 5.7 11.4 17.1 22.8

" " 107 1.8 5.4 10.8 16.2 21.6
u o187 1.7 5.1 10.2 15.3 20.4
" " a0 1.6 4.8 9.6 14.4 19.2

Each set of nine bar stocks was mounted on an identical
rotating disc. The larger stocks were hollow ground to reduce
the weight. However, the end im contact with the subject was
not open. Each set of stocks (eight plus the standard) were
mounted from the underside with Allen bolts exactly the same
distance apart. The center of the disc contained a gasket into
which the tip of the mounting arm fit. This enabled a smooth,
easy turning of the mounted disc in either & reverse or a for-

ward position.
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The mounting arm comsisted of heavy gauge stainless steel
flexible conduit with the disc receiving tip on the top and
a "C" clamp devise on the bottom which attached to a horizontal
arm of the testing chair. (See figure 1.) |

The chair was a typical dental chair with a comfortable
padded back and seat. A thirty-six inch horizontsl chrome arm
extended from a hinge on the left arm rest to & latch on the
rizht arm rest. From this horiszontal bar was mounted the disc
holding arm by its "C" clemp. The patient was seated comfortably
in the chair, the horizontal bar locked and a disc placed upon
the mounting arm. The subject was shown the apparatus and given
a trial run first between a standard and 10% increwent above and
then 107 i{ncrement below. (See figure 2.) He was instructed to
incise upon the bar stock (hereafter referred to as "wire") with
his maxillary and mandibular centrals only. Lip and tongue
contact were to be avolided. The wire to be tested was rotated
in front of the subject's mouth and then by use of the flexible
arm carefully brought up to his incisors. He incised on a first
and then a second wire in the above mentioned manner. After
the second wire was contacted, the subject was asked to tell
which was the larger, the first or the second wire. The subject
was always to say merely "first" or "second," whichever he felt

was larger.
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After this introduction, the subiect was blindfolded and the
tests carried out. (Kawamira in his related work used six sub-
iects, three with full natural dentition and perceived a
dimensional proprioception discrimination 100% of the time for a
.10 ar 107 thickness difference for a limited range of standardli

In our initial trials, we chonse to use a 70% accuracy
(7 correct evaluations out of 10) for a partlcular pair of wires
as a satisfactory denomstration of ability to discriminate
between fhe two particular thicknesses. Using this parametec,
it became apparent that many ~f the subiects could achieve 70%
accuracy between 5% thickness gradiatioun to the standard,
particularly for the 6, 12, and 18 standards. Therefore, the
individual wires in a series were compared to each sther to

obtain a percentage less than 5% thickness difference. The

following, demonstraticg less than 52 dimensional difference,

were used. (See complete chart next page.)

4.3% 4.3% &4.3% 4.3% 4.3%
Ratio used to

obtain less 2.3:2.4 6.9:7.2 13.8:14.4 20.7:21.6 27.6:28.8
than 5% difference

standacd 2 6 12 18 24

From this trial, the dimensional proprioception could be

tested below 5% difference and this data where applicable was




PAIRED INDIVIDUAL DIMENSIONAL COMPARISONS

2.4 7.2 14.4 21.6 28.8

9.1% 4.3% 4.3% 4.3% 4.3% 4.%%
2.3 6.9 13.8 20.7 27.6

9.5% 4.5% 4.5% 4.5% 4.5% 4.5%
2.2 6.6 13.2 19.8 26.4

10.0% 4.7% 4. 7% 4.8% 4.8% 4. 8%
2.1 6.3 12.6 18.9 25.2

5.0% 5.0% 5.0% 3. 0% 3.0%
2.0 6.0 12.0 18.0 26,0

5.0% 5.0% S.0% 5.0% 5.0%
1.9 5.7 11.4 17.1 22.8

11.1% 5.3% 5.3% 5.3% 5.3% 5.%%
1.8 5.4 10.8 16.2 21.6

11.8% 5.6% 5.6% 5.6% 5.6% 5.6%
1.7 5.1 10.2 15.3 20.4

12.5% 5.9% 5.9% 5.9% 5.9% 5.9%
1.6 4.8 9.6 14.4 19.2
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The archial correlation for Angle Class I normal and for
Class I, II and II1 walocclusions wae caxried out by use of a
series ¢f seven supevimposed lateral head plates. These ﬁere
kept with the patlent’s peruanent vecoirds to be used for future
nethodontic diagnosis, The Wehimer cephlostadt was used and
identical positions of the patient were securved Ly use of
heicht adustment of the cephlostadt and placement of purion
rods at the same height for an entire series. Also the infra
orbital pointer and a nasion locator were used. The casette

was positioned at a constant 15w fiom the subject.

The seven lateral headplates consisted of:

1. centric relation

2, centrals incising and holding the 2Zmm standard

3. centrals incising and holding the 6mm standard

4. centrals incising and holding the 12um standard

5. centrals incising and holding the 18mm standard

6. centrals incising and holding the 24mm standard

7. mandible wide open

The seriasl radiographs were then orientated and related
to themselves by means of superimposition of the following for

each series.
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1. center of Sella Tursica

2. Nasiom

3. The anterior cranial vase

4, The waxilliary central incisor

The arc of incisiom tracing was plotted on acetate pape:
at the tip of the mandibular central incisor and a pavallel
arc was also traced at pogonion.

The seven points thus gave one continuous arch for each
subject from cemtric Lo wide open. Upon completion of tads,
an average was estaviished between these paraueters for the
normal Angle class 1 and Angle class 1, 11 and IIi walocclusions.

A line from the center of sella tursica to nasion ('Su"
line) was traced for each head plate. Lines paraiiel to tiuis and]
running through each of the seven points ware comstructed. A

Becond line was drawn froam toe center of sella tursica Jicectly

to each of the seven points. The angles forwed by these cwo
lines were measured and analyzed t¢o compare with the data |
gathered in tihe dimensional proprioception portiom oI tais experis
ment .

In conclusion, the average arcs of incision for Angle Class |
I normal, and Class I, 11 and 1II malocclusions are compared. |
Finally it is hoped that & continuaticn study after orthodontie

treatment will be taken on these saue sui_ects by sowme future

D —
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investigator.
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CHAPTER 1V
RESULTS

The standard dimension values used in this study are those
listed under "Methods and Materials." The extreme dimensional
value at the upper limit (ie 36mm serfies) is intended as a meas-
urement at maximal opening range and not necessarily one which
will fall within optimal range of the psycho-physical law.

Each facet of data was entered in terms of actual difference
in dimension (diameter) discernable and also in terms of peccent
of the standard dimension values used (see appendices). The
Weber Ratios were changed to percemt values to aid in the statis-
tical analysis of the data with the independent form of the stu-
dentized "t" test.

Table 1 shows a comparison of the mean Weber Ratios and
standard deviations for the dimensional values for each series
(le 2 - 6 -~ 12 - 18 - 24 - 36mm) and how they compare for Clsss I
normal, Class I malocclusion, and Class II and Class I1I. Each
mean value is the average for all the members of the particular
occlusal classification. All proprioception data for each
patient was acquired at one appointment and the cephlometric
data at another to avoid fatique. It should be stated that the
largest bars of the 36mm standard (41.4mm vs 43.2mm) were not

used on all subjects due to the subject's inability to open
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Bar
Thickness

2um bars
6mm bars
f2um bars
j8mm bars

4mz bars
bars

TABLE I

Mean Weber Ratios for Incisal Acufty of Dimensional

Proprioception

Class I Normal Class I
Occlusion Malocclusion
6 subjects 5 subjects
.0663 + .0258%  .0726 + .0315

.0433

4

. 0035 .0836 + .0424
.0548

I+

.0204 . 1064 + .0222
.0565 + .0177 .0730 + .0300
.0572 + .00136  .0594 + .0260

.0777 + .0401 .0746 + .0304

* + standard deviation

Class 11

6 subjects

L0605 +
0717 £ .

0395
0246

.0183
+ .0185
.0261
+ .0225

Class III

S5 subjects

.0620 +
0774 *
.0614 +
.0656 +
0736 +
.0806 +

. 0284
0244
.0286
.0229
0276
. 0202

-Sh -



—H-

sufficiently to receive them.

In comparing the six standards of measurement, the Weber
Ratios, in general, are smaller and closer numerically in the
12, 18, and 24mm series. The 2 and 6 mm series are alighily
larger but still near those of the 12, 18, and 24mm series. This
suggests that the optimal range of the psycho-physical law for
dimensional proprioception lies in the area of the 12, 18, and
24mm series. The Z2mm and 6mm series then would represent
possibly the lower limit of the optimal functioning range. The
36mm series is larger and more distant numerically, indicating
the upper limit of the optimal range. It is noteworthy, how-
ever, that the 36mm series is nearly of the same magnitude as
those in the optimal range.

Table 2 shows the means for orientated angles (sella nasios
to mandibular central's incisal surface) cephlometric study of
the arc of closure. Seven lateral headplates in centric, biting
on the 2, 6, 12, 18, and 24mm bars, and maximum opening were
used. Table two lists means for Class I normal occlusion,

Class 1 malocclusion, Class 1II, and Class III.

In comparing the six standards, the mean angles in all
instances grow smaller the wider the jaws are opened. With the
exception of the wide open position, Class I normal and Class

111 mean angles grow progressively smaller in intervals of two to

0




TABLE 2

Means for Ovientated &ngles in Cephlouwetvie
Study of Arc of Closure

Bar Class I Nocmal  Class I Class II Class III

Thickness Oce lusion Malocelusion
& subjects 5 subiects 5 subjects 5 subieets

CENTRIC 128.5 + .96% 124.3 + 3.48 129.4 + 3.61 123.2 = 2.40
2:m bar 124.3 + .94 124.0 + 3.03 127.4 + 6.49 127.2 + 1.34

émm bar 124.3 + 1.25 123.0 + 2.83 125.0 + & .43 125.6 - 1.50
12mm har 121.3 & 1.07 119.0 + 3.63 121.4 + 3.56 122.6 + 2.15
1%rm bar 118.7 + 1.105 116.4 + 4 13 112.4 + &4.54 120.4 + 2.25
24mm bar 116.17+ 1.34 112.2 + 3.87 115.0 + 4.69 117 6 + 2.0%
wide open 109.0 ~ 2.75 102.3 + 2.93 107.0 + 5.08 110.2 + 4.70
wide open mean naxillary wean naxillacy wean maxillary nean maxillary

opening = 43um opening = 44 .4mm opening = 4bdwam opening = 45.4mm

L~
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three degrees, Class I malocclusion is much wore irregular,

with virtually no decrease in angulation between centric,
2mm and 6mn and then a sudden drop of four degrees to the 12mm
level., Also, Class I malocclusion angulation is approximataly
four degrees smaller than any of the other groups. <{lass II is
quite regular in its decreasing increments with the exception of
the 4mm drop between the 6mm and 12mn levels. The crderly and
regular progression of these angles corresponds to the rather
uniform mean Weber Ratios for the acuity of dimensional pro-
prioception for the 2, 6, 12, 18, and 24mm series.

The studentized "t" statistical comparisons between the
var{ous bar dimensions for Class I normal occlusiom are pre-
sented in Table 3. The comparisons of this study show no
significant difference between the various diameters. Tables
4, 5, and 6 represent the saze "t' comparisoms for Llass I
malocclusion, Class 11, and Class III respectively. All
statistics for these groups also have insignificant “t" values
of 1.80, or less. This indicates that each of the various
groups examined pogsessed a relatively uniform dimensional
proprioceptive acuity for all of the series. The 36mu series is
perhaps the lome exception. ''t" values, although not signifi-
cant, are greater than e in wost cases.

Table 7 shows statistical "t" comparisons betweem Class I

R
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TABLE 3
he Various Bar

Dimensiouns for Class I Norwal Declusion *Six Subiects*
BAR D EX " values
2 millimeters vs. ¢ millimeters 1.601

2 nillimeters ve. 12 millimoters Y ELY

2 willimeters va. 18 miilimeters . 700

2 millimeters vs. 24 millimeters 539

2 uillimeters vs. 36 millimeters 1.204

6 millimeters ve. 12 millimeters .0759

6 :illimeters vs, 18 miliimeters 1.387

6 willimeters vs. 24 millimeters . 262

6 millimeters vs. 36 millimeters 1.80¢C
12 aillimeters vs. 15 millimeters 0957
12 aillimerers ve. 24 millimeters -157
12 aillimeters va. 36 millimeters 1.137
12 millimeters vs. 24 mitlineters 0544
15 millimeters vs. 36 millimeters 1.39
24 millimeters vs. 36 millimeters 1.032

* P=(,05
*k Peg 0L
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nnrmal and Class I‘mnlocclasian for each bar dimension series.

A significant difference (P (.05) is noted in the 6mm Class I
normal vs Class I malocclusion series. A more significant
difference "t" value (P(.0l) is noted between both 12mm»aaries.
Roentrographically Table 5 represents statistical comparisons
between Class I normal and Class I melocclusion for the orien-
tated angles in the cephlometric study. There i3 a significant
statistical "t" difference for the orientated angle size between
the 24 v8 24om series (P { .05) and between the wide open vs
wide open positions (P¢ .05). The 18mm "t" value is perhaps a
follow up expression of the significant 12mm proprioceptive
“t" value seen in Table 5.

Table 9 demomstrates the statistical “t" comparisons be-
tween Class I normal and Class I1. The Gmm vs 6mm series
shows a significant "t" difference (P ( .05).

Table 10 represents & statistical comparison for the
cephlometrically orientated angles for these ssme two groups,
and shows a correspondingly significant difference (P ( .05)
for the 6mm vs 6um series. The Class II cases with their
greater overjet are required to open to a slightly wider
orientated angle at this level to compensate for the greater

overjet,

Table 11 represents the statistical comparison between

—"-—



TABLE 4

STATISTICAL COMPARISON BETWEEN THE VARIOUS BAR

DIMENSIONS FOR CLASS I MAROCCLUSION * FIVE SUBJECTS *

BAR DIAMETER

2 millimeters
2 millimeters
2 millimeters
2 millimeters
2 millimeters
6 millimeters
6 millimeters
6 millimeters
6 millimeters

vs

v8

va

vs

va

v8

ve

vs

vs

12 millimeters vs

12 millimeters
12 millimeters

vs

ve

18 millimeters vs

18 millimeters vs

24 millimeters vs

*P= < .05
*hPe= ¢ 0L

6 millimeters
12 millimeters
18 millimeters
24 millimeters
36 millimeters
12 millimeters
18 millimeters
24 millimeters
36 millimeters
18 millimeters
24 millimeters
36 millimeters
24 millimeters
36 millimeters
36 millimeters

"t" VALUES
416
.0934
.0183
. 6464
.0913
.3012
.408
.973
.109
1.793
.870
1.69
. 686
711
.760




TABLE 5

STATISTICAL COMPARISONS BETWEEN THE VARIOUS BAR

DIMERSIONS FOR CLASS II * SIX SUBJECTS *

BAR DIAMFTER

2 millimeters vs 6 millimeters

2 millimeters vs 12 millimeters
2 millimeters vs 18 millimeters

2 millimeters ve 24 millimeters
2 millimeters vs 36 millimeters
6 nillimeters vs 12 millimeters
6 millimeters ve 18 millimeters
6 millimeters vs 24 millimeters
6 millimeters vs 36 millimeters
12 millimeters vs 18 millimeters
12 millimeters vs 24 millimeters
12 millimeters vs 36 milliimeters
13 millimeters vs 24 millimeters
18 millimeters vs 36 millimeters
24 millimeters ve 36 millimeters

*P«R » 05
**P= 01

"t" VALUES
.908

.293
.282
. 0567
-403
1.233
1.215
.624
.195
. 0241
463
1.08
467
1.06
.0154
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TABLE 6

STATISTICAL COMPARISONS BETWEEN THE VARIQUS BAR

DIMENSIONS FOR CLASS III * FIVE SUBJECTS *

BAR D

ER

2 millimeters vs 6 millimeters

2 millimeters
2 millimeters
2 millimeters
2 millimeters
6 millimeters
6 millimeters
6 millimeters

vs

va

e

vs

vs

va

vE

12 millimeters
18 millimeters
24 millimeters
36 millimeters
12 millimeters
18 millimeters
24 millimeters

6 millimeters v 36 millimetecs

12 millimeters ve

12 millimeters vs

12 millimeters vs

18 millimeters vs

18 millimeters vs

24 millimeters vs

*Pm
Jek Pes

.05
.01

18 millimeters
24 millimeters
36 millimeters
24 millimeters
36 millimeters
36 millimeters

usu ve; !!g
+351

.764
.0298
.198
1.067
.852
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TABLE 7

STATISTICAL COMPARISONS BETWEEN THE VARIOUS OCCLUSAL

TYPES FOR EACH BAR DIMENSION SERIES

CLASS I NORMAL OCCLUSION vs CLASS I MALOCCLUSION

Class I Normal
Bar Diameters

six subjects
2 millimeters

6 millimeters
12 millimeters
18 millimeters
24 millimeters
36 millimeters

*p= < ,05
*xP= . 01

Class I Malocclusion
v Bar Diawmeter

five suhjects
vs 2 millimeters
vs 6 millimeters
vs 12 millimeters
vs 18 millimeters
vs 24 millimeters
ve 36 millimeters

,'ft"

L

i~

D Q9

.330
.982
.631%%
.0221
.129
.129

Values
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STATISTICAL COMPARISON BETWEEN THE VARIOUS OCCLUSAL

TABLE 8

TYPES FOR ORIENTATED ANGLES IN THE

CEPHLOMETRIC STUDY

CLASS 1 NORMAL vs CLASS 1 MALOCCLUSIOR

Class I Normal
Bar Diameters

8ix subjects
centric

2 millimeters
6 millimeters
12 millimeters
18 millimeters
24 millimeters

wide open
*P= (05
kP . .0}

ve

]

ve

vs

Class 1 Malocclusion
Bar Dianeters

£lve subjects

centric

2 millimeters

6 millimeters

12 millimeters
18 millimeters
24 millimeters

wide open

.8575
.200
-819
174
1.172
2.364 *
2.132 %
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Class I normal and Class III for each bar dimension series.
There is no significant difference between these two groups in
the series. This is possilbly explained by the fact that al-
though all subjects listed as such were Class III molar relation-
ship but in the anterior region all except one were elther end
to end or with a slight overjet compensated for by spacing in
the maxillary segmemts.

Table 12, which demonstrates the statistical comparison

for cephlometrically orientated angles of this same group also

demonstrates no significent difference between any of the bar
opening series.

Table 13 demonstrates the statistical comparison for each
bar dimension series for Class I malocclusion vs Class II.
There 18 one significant differemce in this group snd that is
at the 12mm vs 12nm level. This factor appears as a distal
horizontal shift on the cephlometric tracing for both groups.
It is postulated that this is a compensatory neuromuscular
shift to stabilize the mandible after translation has begun. It
is seen in all occlusal groups but more accentuated in certain
Class I1 subjects.

Table 146 covers the statistical comparison of cephlomet-

rically orientated angles for these same groups. This demon-

strates a significant difference only in (P < .05), the

—
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STATISTICAL COMPARISONS BEIWEEN THE VARIOUS OCCLUSAL

TABLE 9

TYPES FOR EACH BAR DIMENSION SERIES

CLASS I NORMAL OCCLUSION vs CLASS I

Class I Normal

Bar Diameters
six subjects

2 millimeters
6 millimeters
12 millimeters
18 millimeters
24 millimeters
36 millimeters

#P="¢ .05
*kP= , .01

vs

VS

vs

ve

vs

vs

vs

Class II
Bar Diameters

8ix subjects

2 millimeters
6 millimeters
12 millimeters
18 millimeters
24 millimeters
36 millimeters

" Values

.275
2.380 *

-134
.433
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TABLE 10
STATISTICAL COMPARISON BETWEEN THE VARIOUS OCCLUSAL
TYPES FOR ORIENTATED ANGLES IN THE |
CEPHLOMETRIC STUDY
CLASS 1 NRORMAL vs CLASS 11
¢lass 1 Norwmal Class I1
Bar Dismeters vs Bar Dismeters ' Values
2ix subjects five subjects
centric vs centric .530
2 mfllineters vs 2 millineters .176
6 millimeters vs 6 millimeters 2.00 %
12 millimeters ve 12 millimeters 237
18 millimeters v 18 millimeters 141
24 millimeters vs 24 millimeters . 540
| wide open vs wide open .6338
*P= (.05
wkP= /(1
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TABLE 11
STATISTICAL COMPARISON BETWEEN THE VARIOUS OCCLUSAL
TYPES FOR EACH BAR DIMENSION SERIES
CLASS I NORMAL OCCLUSION vs CLASS III

Class I Normal Class III " Values
Bar Diameters vs Bar Diameters

six subjects five subjects

2 millimeters v 2 millimeters .196

6 millimeters vs 6 millimeters .212

12 millimeters vs 12 millimeters .180

18 millimeters vs 18 millimeters .2570

24 millimeters vs 24 millimeters .253

36 millimeters vs 36 millimeters .133

*P= (.05
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STATISTICAL COMPARISON BETWEEN THE VARIOUS OCCLUSAL
TYPES FOR ORLENTATED ANGLES TH THE CEPHLOMETRIC STUDY

Class 1 hormal
Bar Diameters

gix subiects
centric

2 dllimeters
4 millimeters
12 millimeters
18 millimeters
24 millimeters

wide open

TATZLE 12

CLASS T NORMAL vs CLASS YII

ve

vs

va

e

vE

wve

V8

Glass 111

Bar Diametecs

centric

2 millimeters

6 millimeters

12 millimeters
18 millimeters

24 millimeters

wide open

"t" Values

.169
. 909
2.42 *
.723
.673
1.225
874
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TABRLE 13
STATISTICAL COMPARISON BETWEEN THE VARIOUS OCCLUSAL
TYPES FOR EACH BAR DIMENSION SERIES
CLASS 1 HMALOCCLUSION vs CLASS II
Class I Malocclusion Class II ,
Bar Dieseters ve Bar Dismeters “eY Values
five subiecte 8ix syblects
2 mdllineters vE 2 millimeters .Y 4.
6 millimeters ve 6 millimeters 176
12 millimeters ve 12 willimeters 3.525 %o
18 millimeters Ve 18 millimeters L.157
24 wmillimeters vE 24 millimeters .132
36 millimeters v 36 millimeters .328
®p- (.05
RP 0L
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TABLE 14

STATISTICAL COMPARTISON BETWEEN THE VARIOUS 0OCCLUSAL

TYPES FOR ORIENTATED ANGLES IN THE CEPHLOMETRYIC STUDY

Class 1 Malocelusion

Bar Dismeters

five subiects

centric

2 millimeters

6 millimetexrs

12 millineters
18 millimeters
24 millimeters
wide open

*P= ¢, 05
*Pw o 01

vs

ve

VE

va

v

Class 1I
Bar Diameters

five subjects

centrie

2 nillimetexrs

6 millimeters

12 miliimeters
13 millimeters
24 millimeters
wide open

CLASS I MALOCCLUSION vs CLASS II

“¢'" Values
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TABLE 15

STATISTICAL COvPARISON BETWEEN THE VARIOUS OCCLUSAL

TYPES FOX EACH BAR DIMENSION SERIES

CLASS I MALOCCLUSION wvs CLASS IXY

Class I Malocclusion

Bar Dismeters
five subiects
2 millimecers
6 miliimerers
12 millimeters
13 nillireters
24 m:l'.l.lixmm
36 millimetess

wPw [ 05
P 0

s

Ve

ve

ve

vs

e

Class IXI
Bar Digneters

tive subiects
Z nillimeters
& mlilimeters
12 millinetecs
12 wmillimeters
24 willinetecs

35 mlllimeters

e values

158
253
2.459 %
. 392
.B11
.328
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TABLE 16

STATISTICAL COMPARISON BEIWEEL THE VARTIOUS OCCLUSAL
TYPES FOR ORIENTATED ANGLES 1IN THE CEPHLOMETRIC STUDY
CLASS I MALOCCLUSION vs CLASS 11X

Class I Malocelusion Class IIX

Bar Diameters ve Bar Dismetars “e" Values
five subiects Five sul jects
centric vs centric 1.890
2 millimeters ve 2 nillimeters 1.8838
6 millimeters V8 6 miliimeters 1.625
12 millimeters vs 12 aillimeters 1.705
18 millimeters Vs 18 millimeters 1.687
24 millimeters vs 24 millimeters 2.4585 *
wide open vea wide open 3.39 %%
*p= (.05
¥kP= ( ,01
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maximal opening. Thus, the hwrizontal slide follows for Loth

groups. Being either proportionately smaller in size or in a
more retarded position, it follows the cemtric and wide open
angles should be larger for Class I1. The other angles (2, 6,
12, 18, and 24mm bhare) represent a reaching action to contact
the bars for proprioception and could be expected tc be nore
giullar. The statistical comparisor for each bar dimension
series between Class I malocclusion end Class II1 is seen in
Takle 15. There is one significant difference (P/ .U5) at the
12mm ve 12mm level. It is postulated chat this center series at
the early part of translation has the least posterior horizontal
neuro-miscular compensatory retraction due to the lesser suount
of tvanslation needed at this level in view of the yreater
length of the body of the mandible for Class 111 sul:jects.

Table 16 demonsirates the cephlometrically orientated angles
for Class I malocclusion vs Class 1I1. There are two levels of
significant difference from this aspect between thesc two
groups: 24mm vs 24mm (P £ .05), and wide open vs wide open i
(P .0l). These are perhaps due to the forward posrition (due to
increased length of the mandibular body in most instances) of
the mandible.

Table 17 represente statistical comparisons between Class II

and Class 111 for esach bar dimension series. There are no
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significant differeﬁcas between the various parameters in this |
group. Corresponding to this, Table 18 (statistical comparison
between Class 11 and Class IIT for cephlometrically orientated
angles) also demonstrates no significant difference between the
various factors.

In conclusion to the data observation, it seems the greatest
significant defferences evolve around Class I melocclusion which
in virtually every case included rotated mandibular incisors.
These differences are dewonstrated both in the acuity of dimen~
sional proprioception aspect and in the cephlometrically orienta-
ted angles in the arc of closure. This substantiates the postu-
late of the important rocle played by proprioceptive endings
found in the normally positioned humnan incisors in both produe~
ing a precise level of proprioception and a smooth are of closure
in the {ncision process.

The mean Weber Ratios for incisal acuity of dimensional
proprioception were plotted against the pradiated bar dimension
series for each ocelusal classification studied. These were
graphic representations of tiie changes in the Weber Ratios as
the dimensional thickness of the seriles increased and as the
occlusal type of the subjects was varied. The VWeber Ratios

for incisal acuity of dimensional proprioception are presented

in figures three to six. The corresponding plots of umean




TABLE 17

STATISTICAL COMPARISONS BETWEEN THE VARIOUS OCCLUSAL

TYPES FOR TACH BAR DIMENSIOW SERIES

Class 11

Jar Diaretars

six subiects

2 miilimeters
0 willimeters
12 millinmeters
18 miliimeters
24 millimeters

36 millimeters

*P= { .05
WP . 01

CLASS II vs CLASS IIX

va

k-

&

vB

73

va

vs

Class 11X
Bar Dianeters

five sublects
2 miilimeters
6 aillimeters
12 millimeters
13 millimeters
24 nillimeters
36 milliveters

"M values

BTN |
345

-3930

b
-

o
LY
bt |

[3
[+
Ll
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TYPES FOR

wigss II
Tar Hlamolas
five sublect

;a,:

centric
Z wmiiliverecs
5 miliimetaers
- m o m
12 millincters
1% millinetors

24 millimeteors

wide open

<.05
.01

Tasli 13

GRPAISUN

IRIENTATED ANGT

g

P

SETWHREN THE VARIOUS

CLASS I1 vs CLASS IIX

“3

71

‘[':? S

ve

five subiects

centoic
2 willdmeters
H millineters
12 mitlineters
1% milidismeress

24 millimeters

wide cpen

£
S

OCCLUSAL

IN THE CEPHLOMETRIC STUDY

oY Values
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TABLE 13

STATISTICAL COMPARISON BETWEEN THE VARIOUS OCCLUSAL
TYPES FOR ORIENTATED ANGLES IN THE CEPHLOMETRIC STUDY

CLASS II vs CLASS I1I

Class 11 Class 1II
Bar Diameters vs Ba: Diaseters WY Values
five subiects five subiects
centric va centric A
2 millimeters vs 2 willimeters U817
& millimeters vE 6 millimeters 257
12 miliinmeters wa 12 millimeters 577
1% millimeters ve 13 milliimeters , 78y
24 millimeters e 24 millimeters 1.031
wide open vs wide open .282
*P;"« <\ 005
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cephlometrically orientated anzles plotted against bar dimension
series for a particular occlusal classification follows each
mean Weber Ratic graph. These plottings are presented in fig-
ures three through cight. |

Plots of the mean Weber Ratios for Class I normal are pre-
gented in figure three. The curve begins quite high and takes
4 sudden drop &t the 6mm level. 1uis Ligh 2mm level is postu-
lated as being a position of mixed rotsry snd translational move-
ment with neuro-muscular forces seeking stabilisation. Thus, thel
lessened aculty of dimensiomal propricception is seen. The
curve rizsee rather sharply toward the 12mm series and then attaing
relative atability until the sharp rise at the 36ma level.

The mean cephlometrically orientated angle plots (figure &)
for Class 1 normal group demomstrates a corvesponding sharp drop
for the 2um series. This denotes a proportionately great increasd
in the orientated angle.

Figure five depicts the plots of the mean Weber Ratios for
Class I malocclusion. This begins somewhat high for the 2mm
series, then sharply swings upward demonstrating a& phase of con-
tinuing less accurate proprioception for the 6mm and 12mm series.
It is postulated that this represents poor periodomtal proprio~
ception (due to Class I malocclusion lower snterior rotatioms) in|

a mixed rotational-translational phase of the are of closure.

_
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From the high of the 12mm level, the plot demonstrates an
increasing return to proprioceptive accuracy through the 24mm
series and then swings slightly upward again.

Figure 6, representing the Class I malocclusion cephlom
metrically orientated angles demonstrates e steady swooth plot
with a slight dip in the 1lZim area indicating a greater increase
in orientatec angle here. This is postulated to correspond to
the increase in Weber Ratio demonstrated for the 12mm level in
figure 5.

The Class II mean Weber Ratlos are plotted in figure 7.

The curve begins slightly above a middie range and then climbs
sharply to the 6mm level. ‘‘hls graphically represents g sharp
decline in acuity of dimensional proprioception at this level
probably representing the beginning of tramslation and a neuro~
muscular attempt at stabilization. The curve then drops

sharply to the 12mm level and coniinues rather evenlvy through
the 24mu range and then iuncreases rather sharply toward the 56mm
area.

Figure 3 shows a somewhat sharp increase in orientated angle
at the 2mm level. This is followed by a smooth regular decline.

Class III malocclusion mean Weber Ratios are graphically
represented on figure 9. This curve corresponds quite closely

to the Class II curve (figure 7) but on a level .0i0 higher. It
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hegins at a middle level and rises sharply to a high 6mm level

and then drops rapldly back to the 12mm level with a gradual

rise through the 24mm level.
Figure 10 demonstrates the plot for the mean cephlometriclll+

orientated angles Class II1. This is zimilar to the other

zroups. A slight drop is seen in thc 2um area and a smooth

~egular gradually declining curve fsllows.
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CHAPTER V
DISCUSSION

The mean Weber Ratios reported in this study are qqantative
assessments of the various occlusal classes of individuals
ability to consciously discriminate between similar thicknesses
of bars placed between the maxiilary and mandibular central
incisors. These stimuli are conducted through the teetin to the
seusory receptors located in the periodontal ligament and also
through receptors in the temporal mandibular joint capsule and
the muscles involved in the movement of the mandible. Comparing
the mean Weber Ratio plottings for Class I normal, Class I
malocclusion, Class II and Class I1III, it is postulated that the
nornal occlusion has a greater small-diasmeter acuity of dimen-
sional proprioception with the translation phase begioning
sooner and with less resultant loss of dimensional proprioception
in this area. The vastly superior mean Weber Ratios in the &mm
area are perhaps due to smoother neuromuscular stabilization in
early translation aided by more precise learned patterns result-
ing from the more accurately occluding dentition.

In all the malocclusion groups {(Class I malocclusion, Class
II, and Class II1) a striking rise in Weber Ratios at the Omm

level is noted. This is a direct variance to the previously

mentioned Class I normal parameter. The Class II and Class III
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Weber means have a similar curve (with Class III being roughly
.010 greater throughout). Accounting for the marked variance in
the 6mm parameter throuzh the neuromuscular occlusal function
postulate, the remaining portions of the curves for Clasé I
normal, Class IT and Class III1 corresponds closely.

The Class I malocclusion mean Weber curve is sharply at
variance with all the other occlusal groups between the 6mm and
12mm level. The substantial decrease in acuity of dimensional
nroprioception shown only in the Class I malocclusion curve at
this level is correlated with the presence of anterior rotations
in the lower incisor teeth of all subjects in this group. It
is postulated that this rotation results in diminished normal
function of the dimension proprioceptors thought to be in the
periodontal ligament.

Tables 11, 13, 15, and 17, denote no significant difference
between the various types of occlusion and tooth relationships
for the 18, 25, or 36mm series., This is perhaps an indication
of increased reliance on temporal mandibular joint receptors
and on muscle proprioceptions for evaluating dimensional
di fference involving standards of 18nm and greater. Since all
the subjects are of roughly the same voung age group and in
apparent good systemic health, the TMJ capsules, the mandibular

musculature, and their nerve supplies might well be expected to
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fall within &imilar‘parameters of function.

in computation of data rom the standards used, it is noted
(cee tables 3, 4, I, anc (.} that the Weber Ratios do not signi-
ficently vary with diamcter cliapge within cech of the individual

occlusal groups (as stated, there are certein significent dife

ferences between the groups). Ferbaps the 30om series 1s an

exception to this ip that velues here are generally higher. It

is poustuleted that perhaps the Zu: sevies is et the ilower border
of the optinal range; and 1f this study were continued with &
series of less than 2mm diameters, s dramatically increased
Keberr Ratio would be observed.

Kawemura, in his work with éraﬁiat&d wires, found that the
Weber Ratio for natural dentition acuity of cimeunsional pro~
prioception was .10 and that the periocdontal ligament was neces-

sary for judging the size varistion of the swaller wires but

not the larger ones., The data obtained in this study demnustrauIJ

& much smaller Weber katfic (see Teble 2). 1This study uses ap- |
proximately six times as many subjects. lowever, it used no

artificial dentition subjects as Kawarnura ald. The results of

this study definitely agree with his contention that the perio-
dontal ligament is significent in discrimination in smaller

dlameter series and that the larger diameter (i.e. the 15, and

Z24um results for all occlusal (ypes) series are discriminated

' N
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by all these aourcés of receptors tut perhaps relatively more by
tempoial wandibular joint and mandibular wusculatuce recepturs.

Siace it seews turee separate sets8 »f receptors come into
play as the diauveter of tue propsiocepior testing series wires
increases, it does 0ot scem unreasmabie Lo postulace tiaat cthere
need not be a definite optimal mean veber Ratio and then a defi-
uite increase in Weber Ratio at toe so cailed extrenities of the
dimensional series. Such a definite range was seen Ly Soliis
and Bowman and Rakfoor (1968) in their work with applied forces.
This seems logical since they weve concerned priwarily with one
set of proprioception receptors; nazely, cthose in tiue perio-
dontal ligament, while this siudy was probably dependant also
upon proprioceptors within the wmandibular muscles and THMJ.

In deference to the expesimeutal work of Grossman, et al,
{1965) which noted Loth iips and the tongue as aceas of great
tactile sensitivity, the subjects were imstructed t: avold all
contact between tnese and the gradiaved wire. Thus, in actual
practice these tactile receptors could constitute a fourth group
of dimensional determination receptors.

Finally, in a second work, Kawawmura, et al, have noted many
Golgi Mazzoni end organs in the fibrous joint capsule of the cat.

They state, "Whenever the condyle moves, sensory information

from the joint capsule is transmitted to the trigeminal motor

[ =, L



—go..

nucleus which inmervates the jaw muscles." It is this moving
of the condyle in translation which perhaps stimulates the
musculature to react so strongly in seeking mandibular stabili-
gzation as to mask sensory discrimination in the 6mm standard
area.

The work of Sirhila, et al, (1967) has demonstrated the
ability of incisors to perceive the presence of sheets of tin
foil as thin as 10 microns to 30 microns. They conclude that thﬂ
most {mportant function of the teeth is "to determine the thick-
ness of objects coming between them." This may help to explain
vhy a standard series as thick as 2um could still fall within
the optimal functioning range for Weber Ratios.




-91_

CHAPTER VI
SUMMARY AND CONCLUSION

A clinical method of determining the acuity of dimensional
proprioception involving the human periodontal ligament was
described. This method was undertaken to determine the effect
of the various types of occlusal relationships upon dimensional
proprioception.

The conscious acuity of dimensional proprioception is
significantly affected by the correct relationship of occlusal
surfaces in that Class I normsl showed better dimensional pro-
prioception with opening around the 6mm standard than did the
various malocclusions studied. The conscious acuity of dimen-
sionai proprioception 18 significantly affected by rotated
position of mandibular anteriors (as exemplified by the Class I
malocclusion group) in the area of the 12mm standard.

Twenty~-two subjects were utilized in this study. Six sub-
jects were Class I normal occlusion, and five were Class I mal-
occlusion, six were Class II Division 1 with greater than normal
overjet, and five were Class I11. No significant difference was
found between the four groups and their acuity of dimensional
proprioception for the 18, 24, or the 36mm series. This sug-

gested a greater dependence of temporal mandibular joint recep-
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tors for acuity of dimensional proprioception for standards of

8 diameter of 18mm or greater.




£3-




- 94

. uoISPU— D|jas Oy
I12HPand saul|

$S9|B6up painiudlic
Ajpr1a30wopydas
§0 195 9jdwps




- 95

CLASS I — NORMAL

Arc of Closure

SELi.Af

-=NASI

x centric
* »wide open




- 9b-

____CLASS. T MALOCCLUSION

Arc of Closure

SELLA -

*cenfric
- * *wide open




_5?7_

CLASS II

Arc of Closure

SELLA-= -
= NASION

*centric
* * wide open

- — —_—




~-58-

SELLA =

CLASS ot

Arc of Closure

x centric
* » wide open

= NASKN




_77_.

BIBLIOGRAPHY

Adrien, E,D. The Basis of Sensation; London: Christophers Publishing
Company, 1928,

Ahlgren, J; Kineslology of the Mandiblej an ENG Study. Acta Odont Scand.
25; 5939611| Dec. 1967¢

Barker, D, and Cope, M. Symposjum on Muscle Receptors: The innervation
of individual intrafusal fibers. Hong Kong University Press,

1962, 263-270,

gt The Structure and Distribution

Barker, D, : A2 Receptor
of Muuclc Recaptorn. Hong Kong University Press, 1962, 227.240.

Barlow, H, B, "Increment Thresholds at lLow Intensities Considered as
Signal Noise Discriminations,”" Journal of Physiology, 136
(1957), pp. 469-488,

Bernick, S. "Innervation of the Teeth and Periodontium," Dental Clinics
of North America, (July, 1957), pp. 509.513,

Best and Taylor. Fhysiological Basis of Medical Practice; Baltimore:
The Williams and Wilkins Company, 1953, .

Black, G, V. Special Dental Pathology. Chicago: Medico-Dental Publishing
Company, 1924,

Boring, E. G, A History of Experimental Psychology. New York: Appleton
Century - Crafts, Inc,.,, 1950,

Bowman, D, C. snd Nakfoor, P. M, "Evaluation of the Human Subject's Ability
to Differentiate Intensity of Forces Applied to the Maxillary
Central Incisors". J Dent Res. 47; 252.239, March-April, 1968,

Boyd, A. and Davey, M, R, "The Groups of Origin in the Nerves to Skeletal
Muscle of the Y, and Y, Fusimotor Fibers Present Close To, and
Within, Mammali%n Mu:c%e Spindles." S um Muscle R
tors: Hong Kong University Press, 1962, pp. 191-198.

Bradlaw, R. "The Innervation of the Teeth." Proc Ray Soc Med, 29:1 (1935
) 36), PP- 507"'5180




__90,

Brashear, D. A, "Thc Innervation of the Teeth." Journal of
Comperative Neurology, 64 (1936), pp. 169-183.

Cattell, McK., Hoagland, H. ‘“Responses of Tactile Receptors to

Intermittent Stimulation.' Journal of Physiology,
(1931), pp. 392-404.

Cooper, S. "Muscle Spindles in the Intrinsic Muscle of the
Human Tongue." Journal of Physiology, 122 pp. 193-202,
(1953).

Cooper, S. '"The Behavior of Spindlo Raceptorn During Muscle
Stretch."” Sympos] n_Muscle Recepto Hong Kong
University Prutl, 1962. pp. 121-12&

Corbin, K. B., Harrison, F. "“The Function of the Mesencephalic
Root of the Fifth Cranial Nerve." Journal of Neuro-
physiology, 3 (1940), pp. 423-435.

Cowdrick, M. "The Weber-Fechner Law and Sanford's Weight Experi-

ment," American Journal of Psychology, 28 (1917),
pp- 585-588.

Crozier, W. J., Wolf, E., and Zerrhan, Wolf, G. ‘''Critical
I1lumination and Critical Frequency for Responses to
Flickered Light i{n Dragonfly Larvae." Journal of

General Physiology, 20 (1936-37), pp. 363-391.

Culler, Elmer, A. K. "Thermal Discrimination and Weber's Law."
Archives of Psychology, 13 (1926), pp. 5-68.

Cuozzo, J. W. “A Correlation of the Functions and Diameters of
the Sensory Fibers in the Inferior Alveolar Nerve of
the Cat." M. S. Thesis, Loyola University, Chicago:
1966.

Eccles, J. C. "Central Connexions of Muscle Afferent Fibers."
Symposium on Muscle Receptors: Hong Kong University
’Prtlt, 1962. pp. 81-102.

Elomaa, M. '"Tha Thrqchold of Excitation of the Permanent Teeth,
and Age." Suom Hammaslsak Toim. 64: (April 1968),
39’52 .

Fernberger, S. W. "On the Relation of the Methods of Just




._'(//...

Percuptible Differences and Constant Stimuli."

Psychological Monologues, 14:4 (1913), pp. 1-81.

Fulton, J. F. Textbook of Physiology. St. Louis: C. V. Mosby
Company, 1955.

Gamble, E. A, McC. 'The Applicability of Weber's Law to Smell."
American Journal of Psychology, 10 (1898), pp. 82-142.

Geldard, F. IThe Human Senses. New York: John Wiley and Sons,
Im L } 19530

Granit, R., "Some Problems of Mnsale~3pind1e Physiology."
Symposi n M g_Receptors: Hong Kong University
Precn, 1962. pp. 1~18.

Grindley, G. C. "The Varfation of Sensory Thresholds With the
Rate of Application of the Stimulus. I - The Dif-
ferential Thresholds for Pressure.” British Jou of
Psychology. 27 (1936), pp. 86-95.

Grossman, R. C., Hattia. B. F., and Ringel, R. L. "Oral Tactile

Experience,”" Archives of Oral Biology, 10 (1965),
pp. 691-705,

Guilford, J. P. "A Generalized Psychophysical Law." Psycho-
logical Review, 39 (1932), pp. 73-85.

Guyton, A. C. M. D. Te 3 :
delphia: W. B. saundcrl campany, 1961. pp. 672-674,
and 1966, pp. 679-680.

Hecht, S. '"The Visual Discrimination of Intansity and the Weber-
Fechner Law." Jourmal Eeneral Physiology, 7-(1924),
pp. 235-267.

Helmholtz, H. Von Physiological Optics. Vol. II1. Edited by
James P. C. Southall. New York: Dover Publications,
Inc., 1924.

Holway, A. H. and Crozier, W. J. '"On the Law for Minimal Dis-
crimination of Intensities." Proc. Mat. Acad. Sci.,
23 (1937), pp. 509-515,

Holway, A. H. and Pratt, C. C. "The Weber Ratio for Intensitive




Y-

Discrimination.” Psychological Review. 43 (1936),
PP. 322-340.

Holway, A. H., Smith, J. E., and Zigler, M. J. "on the Discriminal
tion of Minimal Differences in Weight." Jourmal of

Experimental Psychology, 20 (1937), pp. 371-379.

Jacobs, R. M. "Effect of the Mechanism of Mnlale Tonus on Mandi-
bular Rest Position.” J. Canada .. Ags., 32 (October|
1966) pp. 594-598.

James, W. LIR¢ of -
ﬁolt and companv, 18?&

Jerge, C. "Orgenization and Function of the Trigeminal Hbsen-

cephalic Nucleus." Jourpal of Neurophysiology,
(1963), pp. 379-393.

Kawamura, Y., and Tsukamoto, S., "Analysis of Jaw Movements from
the Cortical Jaw Motor Area and Amygdala." Japan.

Journal of Physiology. 10, (1960), pp. 471.

Kawanura, Y., "Neurophysical Background of Occlusion.” Perio-
dontics, 5 (1967), pp 175.

Kawamura, Y., Funakoshi, M., and Tsukamoto, S., "Brain-Stem
Represantatian af Jaw Muscle Activities of the Dog."
3 urnal of yslolozy, 8 (1958), pp. 292.

Kawamura, Y., and Watanabe, M. "Studies of Oral Sensory Threshold$:
The Discrimination of Small Differences in Thickness of
Steel Wires in Persons With Natural and Artificial Den-

tures.” Medical Journal of Osaka, 10 (1960), pp. 291-30].

Kawamura, Y., Majima, Y. "Tewporomandibular-Joint's Semsory
Mechanisms Controlling Activities of the Jaw Muscles."
Journal of Dental Research, 43 (Jan. Feb. 1964), p. 150.

b

Rizior, J. E., Cuozzo, J. W., and Bownan, "A Histologic and
Phyaialogic Inwe;tigntion of the Semsory Receptors im
the Perfodontal Ligsment of the Cat." M. S. Thesis,
Loyola University, Chicago: 1966.

Krueger, L. and Michael, F. "A Single Neuron Analysis of Buccal
Cavity Representations in the Sensory Trigeminal Comples




..(/3 -

of the Cat." Archives of Oral Biology, 7 (1962)

pp. 491-503.
Lewinsky, W. and Stewart, D. "The Innervation of the Periodontal

Membrane." Journal of Anatomy, 71 (1936), pp. 91-103.

Lignell, L., and Ransjo, K. '"Maximal Jaw Openings in 628 Sub-

jects.”" S T orb Tidn, 59 (November 1967)|

Pp. 859-862.
Lowenstein, W. R. and Rathkamp, R. "A Study on the Prenoracepei*

Sensibility of the Tooth." Journmal of Dental Research,

34 (1955), pp. 287-294.

Manly, R. 8., Pfaffman, C., Lathrop, D. P., and Keyser, J.
"oral Sensory Thresholds of Persons With Natural and
Artificial Dentitions." Jowrnal of Dental Research,
31 (1952), pp. 305-312.

Matthews, B. H. C. "Tho Response of a Single End Organ."
OULTLS £ Physiology, 71 (1931), pp. 64-109.

McIntyre, A. K. ''Central Projection of Impulses from Receptors
Activated by Muscle Stretch.” Symposium op Muscle
Receptors: Hong Kong University Press, 1962, pp. 19-30

v

Misigk, H. and Sexton, V. S. History of Psychology, An Overview.
New York: Gruve and Stratton, 1966,

Ness, A. R. "The Mechanoreceptors of the Rabbit Mandibular

Central Incisor." Journal of Physiolozy, 126 (1954)
pp. 475-493.

Newman, E. B, "The Validity of the Just Noticeable Difference as
a Unit of Psycnwlogical Mﬁgnitudn gxfggggggpns of
o R A 333 L AR e S BIRAN 63 o 36 (1933 » v 172"‘175 .

Philadelphia:

Noyes, F. B. ent ]
Lea and Febig&r, 1921.

Paintal, A. S. "Responses and Reflex Effects of Pressure-Pain
Receptors of Mammalian Muscles." Symposfum on Muscle
Reflectors: Hong Kong University Press, 1962, pp. 133-

142.




Parsons, J. H. An Int - [he ; X
London: Ccmbriégc Univeraity Ptcsc, 1927

Peaslee, E. R. Humsn Histology. Philadelphia: Blanchard and
Lee, 1357.

Penfield, W. and Boldrey, E. "Somatic Motor and Sensory
Representation in the Cerebral Cortex of Man as
Studied by Electrical Stimulation." Braim, 60 (1937)
pp. 389.

Pfaffman, C. "Afferent Impulses from the Teeth Due to Pressure

and Naxious Stimulation."” Journal of Physiology, 9

Rapp, R., Kirstine, ¥W. D., Avery, J. R. "A Study of Nerral
Enﬁings in the Enman Gingiva and Feriadantal Membrane. "]
3 ! he Cana ntal jation, 23 (1957),

Riech, J. M. "Keural Mechanism of Mastication."

Jourpal of Physiology, 108 (1934), p. 168.

Robertson, J. D. "“Election Microscopy of the Motor End Plate

and ths Neurowuscular Spindle."” American Journal of
Physical Mediciune, 39 (1960), pp. 1-43.

Sh‘rt’-mm’ C. S. 1 R 2 & -k ! y .
ed.2, New Eaven, conn., Yale dniversi y ?rusa, 1947

Shimazu, H., fdongo, T., and Kubota, K. “Hature of Central
regulatian of Muscle Spindle Activity." Symposium on
s RBong Kong University Press, 19562,
pp. 49-58.

Sirila, H. and Laine, P., "Relation of Periodontal Sensory
Appreciation ta Oral Sceraognosia and Oral Motor
Ability.”" Suom Hammes Laak Toim, 63 (1967) pp. 207-211.

Steinhardt, J. '"Intemnsity Discrimination in the Human Eye. I.
The Relation of dI/I to Intensity.” Journal of Cener

Physiology, 20 (1936), pp. 185-209.

Stevens, S. S. "On the Psycophysical Law.” P ological
Review, 64:3 (1957), pp. 153-181.




~ g5 -

Telford, G. W. and Denk, Wm. E. "The Inconsistency of the
Weber-Fechner ‘Constant' for Auditiom." Jourpal of
Ex 31 Psychology, 18 (1335), pp. 106-112.

periments

Thurston, L. L. "Fechner's Law and the Method of Equal Appearing
Intervals." J 1 of mental Psyeholog
(1929) pp. 214-235.

Trapozzano, J., and Lazzari, J. B. ''The Physiology of the
Terminal Rotational Poaitian of the Condyles in the

Temporomandibular Joint." Journal of Prosth. Dent.
17, (February, 1967), pp. 122-133.

Urban, F. M. “The Weber'Fechncr Law and Mental Mesasurement."
tal Psychology, 16 (1933),

pp. 221~238.‘

Ursula, J. ‘'"Morphological Observations on Living Meuromuscular
Spindles." Acta Anat., 39 (1959), pp. 341-350.

var Der Sprenkel, H. B. “HinrascOpical Inv&ztisatiaa: of the
Teeth and Its Surroundings." \ |l of Anatomy, 70
(1936), pp. 233-241,

van Leeuwen, 5. ''‘Response of a Frog's Muscle Spindle.” Journal
of Physiology, 109 (1949), pp. 142-14S.

Waller, A. D. "Points Relating to the Weber-Fechner Law.
Retina; Muscle.” Brain, 18 (1895), pp. 200-216.

Wilkie, J. K. "Preliminary Observacions on 'ressor Sensory
Thresholds of Anterior Teeth." J of D 1
Resegprch, 43 (1964), p. 962, supplement Sept.-Oct.

Woodworth, R. S. and Schlosberg, i. Loental
New York: Hemry Holt and Company,

Zoethout, W. D. Physiological Optics. Chicage: The Professiona
Press, 1927.




APPROVAL SHEET

The thesis submitted by Dr. David P, Stangl has been read
and approved by members of the Department of Oral Biology.

The final copies have been examined by the Director of the |
thesis and the signature which appears below verifies the fact that
any necessary changes have been incorporated and that the thesis is
now given final approval with reference to content, form and mechani=-
cal acouracy.

The thesis ls therefore accepted in partial fulfillment of

the requirements for the Degree of Master of Science,

Date /;? ignatuy® of Advisor
v




	Acuity of Dimension Proprioception and Difference in Arc of Incision for the Various Occlusal Types
	Recommended Citation

	img002
	img003
	img004
	img005
	img006
	img007
	img008
	img009
	img010
	img011
	img014
	img015
	img016
	img017
	img018
	img019
	img020
	img021
	img022
	img023
	img024
	img025
	img026
	img027
	img028
	img029
	img030
	img031
	img032
	img033
	img034
	img035
	img037
	img038
	img041
	img042
	img043
	img044
	img045
	img046
	img047
	img048
	img049
	img050
	img052
	img053
	img054
	img056
	img057
	img058
	img059
	img060
	img061
	img062
	img063
	img064
	img066
	img068
	img069
	img070
	img071
	img072
	img073
	img074
	img075
	img076
	img077
	img078
	img079
	img080
	img081
	img082
	img083
	img084
	img085
	img086
	img087
	img089
	img090
	img093
	img094
	img095
	img096
	img097
	img098
	img099
	img100
	img101
	img103
	img104
	img105
	img107
	img108
	img109
	img110
	img111
	img112
	img113
	img114
	img116
	img117
	img118
	img119
	img120
	img121
	img122

