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INTRODUCTION

The intégrity of the dental pulp during orthodontic treatment is a

topic of some interest to the endodontist, oral surgeon, and orthodontist.

" Growing numbers of the young people in our society are receiving orthodontic
care, placing more and more banded teeth in a susceptible position for

trauma involvement or cariocus breakdown.

It is the generél belief that thermost relisble gauge of tooth wvitality
is the presence of an adequate blood supply. However, to assess this
measurerrequires histological investigation which is out of thé question
in a clinical examination, Other methods such as the degree of pain from
excavation with explorer or bur, fhermal excitation, percussion, or
~radiograms have also been employed to different degrees. Most practitioners
hafe settled on the electrical pulp tester as the most accurate and
practical means of evaluating the condition of the pulp in question.

Though poorly substantiated, it seems to be the feéling of many
dental practiéners that the sensitivity of {eeth may be altered by

orthodontic treatment. This impression may have been due to clinical



»remarks from persons undergoing tooth moving procedures or possibly finds
its origin from works of Orban, Stuteville,,and Qppenheim. These
invesfigators between 1936, and 1942, noted some devitalization of teeth
which were undergoing orthodontic treatment.

It will be the purpose of this study-to determine if %hé“pain
-threshold to elecfric stimulus differs significantly in orthodontically

treated teeth than from those of the control.



REVIEW OF LITERATURE

The dental literature discusses many investigations related to tissue

changes about the teeth and jaw structures, However, very few efforts

have been di;ected towards the conditions that exist within the pulp
chamber which determine the ultimate fate of the tooth's vitality.
QOrthodontic treatment may be capable of effecting such pulp chgnges.
Orban (195854 has mentioned several cases of devitalization of
teeth having undergone orthodontic movement. He speaks of "shortening"
or "lengthéning" procedures which proved to be especially dangerous to
" the pulp, The shortening resulted in a wedging of the vessels between
tooth and bone thereby interrupting circulation. The lengthening caused
laceration of vessels ultimately leading to pulp necrosis. He qualified
hié statement saying that general conclusions cannot be made from
occasional observations.
Human pulp tissue changes were observed by Stgteville in 1937.5

He stated: ‘'The character of the pulp tissue is such that it does not

have much resistance to injury. The injuries to the pulp that are



caused by orthodontic treatment are the result of shutting off of the blood
supply or of hyperemia of the pulp from jiggling of the tooth during
mastication, after it has been loosened by the detachment of a large
nuﬁber of the periodentalrmembrane fibers in the course of‘mQQément.
Jiggling, after thq tooth has been loosengd; may'result in teéring or
injury of the vessels entering the apical foramenf Another injury that
may be caused is by squeezing of the apex, against the bone, thus shutting
off the blood supply to the pulp. There are relatively few pulps that
becone gangrenous during the course of orthodontic treatment and in most
cases showing degeneration of the pulp there is a histo;y of acqidental
trauma yhich will account for the death of tissue."

Oppenheim (1942)8 described "diapedes of the blood corpuscles" in
the pulps of teeth undergoing orthodontic treatment.v This can be caused
by a hyperemia in the pulp and occurs because of fhe lack of colateral
circulation, when pressure is present in thsz apidal region,

9

'In this same period, Strang’ spoke that orthodontics delivering

sudden tension on a tooth, might injure the vessels leaving the pulp



and cause serious venocus congestion and pulp death. He also felt that
strong‘depressive forces mighf shut off the arterial supply and thus
produce a devifalization of pulpal elements; If restitutién of'these
elements is possible it has not yet been determined.

Histological examination of tissue can give a nearly éoﬁglete
pictufe of the coﬁdition of a pulp. Hoyever, as‘pointed out by Stuteville,5
" in orthodonticvtreated teeth it is impossible to follow the changes
temporally in the pulp. He mentions that in mosﬁ cages in his‘study
showing degeneratioﬁ of the pulp, there ﬁgs a case history of trauma,
which accounted for the death of tissue. Since it was impossible to
contfol the condition of the pulp befo?e orthodontic treatment ﬁas'started,
he had to rely on patient information, and, therefore, his scientific
information regarding changes in the pulp cannot be considered fully
acecurate,

With the use of an electrical pulp stimulator, we are able to follow
changes in the condition of the pulp over differént time‘intervals. rThe

first to develop an electrical pulp testing method was Magitot in 1867,

Since that time many differeﬁt methods have been used dealing with



faradic current, galvanic current, direct current, alternating current and
high frequency alternating current. Bjornr(l946)12:remarked that early
tests failea to centrol variafions in the primary circuit which in turn
Ainfluenced the current in the secondary circuit and made a repea#ing
constant stimulus impossible.. Thgre werealsodifficulties’%n measuring
~the intensity of the stimuli, whic@ was estimated by measuring the distance
betwegn the two coils,

In 1933, %giss and Furedi (1933)1 tested 130 teeth withva direct
current stimulation. The strength of their stimulus was mggsured in
voltage which through continued use show;d variations in the electrical
threshold value of subjects. These variations were dependent upon the
temperament and age of the patiegts and psychological influences such as
the nervous state of the patient at the time of the test, all of which
cbgld affect the result. However, they did hot feel the jariations were
of such a degree as to "confuse" them. They emphasized the impo?tgnce
of being consistant in the location of electrodz placement on both the

experimental and control tested teeth. They had some teeth with granulomas

and cysts, others impacted and with adjacent scft tissue tumors., They
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also made histplogical investigations of these teeth and tried tg correiate
the two methods,

Some of the teeth with degenerating pulps gave a response to a high
gtimulusf They explained this phenomenon by the presencevofka solitary
intact nerve fiber which responded to the stimuli. YNordh '(1955)20
evaluated this as a response most likgly from stimulation of th¢ periodontal
membrane.

The firsthEudy of electrical stimﬁlation of pulpsvin teeth undergoing
orthodontic treatment was carried out by Kaleksky and Furedi in 1935.2
They also used direct current and measur;d voltage., The amount of voltage
required to elicit a response was called the "threshold value." They
reported that the threshold vglue increased during orthodontic treatment,
then had a tendency to return to normal sometime after the completion of
tigatment. They reported on one such instance: "In the case of a child;
12, a discolorat%on of the upper right central incisor was noted in the
course of orthodontic treatment. The orthodontist referred the case for

roentgen-ray and clinical examination in an attempt to ascertain the

condition of the pulp. The roentgenogram was negative and the pulp gave
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a response only to the maximum stimulus. The control tooth and adjacent
teeth ¢e§ponded at ; normal tﬁreshold. In view of these findings,
consérvativertreatment was suggested with periodic observations with the
roentgen—fay and the pulp test exzminations., Within a period of 3 months,
the discolorétiog is gradually disappearing and, at the présent time, this
‘tooth responds wifhin 5 volts of the corrgspondihg control toéth."

Ziskin an@ Wald in 1955,3 demonstrated several facts thatfstrengthened
electrical pulp testing. They felt that the density of current should be
expressed in amperage not in voltage.r This opinion is due to the fact that
the resistance of the tegth vary with the presence of moisture, denticles,
thickness of enamel, amount of attrition and age of patient. Tﬁey‘also
showed that the duration of the stimulus and the waveform were extremely
important. In each instance, the duration of the stimulus and the intensity
of . the current had to be the same, they were intimately connected and
depended upon one another, A short duration requires a higher amperage;

a longer duration a»smaller amperage, This facf makes a continuous direct

current unsuitable because of the difficulties encountered in controlling

the duration of the stimulus and the wavefnrm which nust be constant and
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‘“repeatable.

Since that time, B;jorn12 and others have substantiated these facts,

From Ziskin and'walde 1938 studj came information that the intensity
of the current is directly dependent upon the voltage, the resistance
between the electrode and the tooth, and ?he resistance of the tooth itself,
which varies with the thickness of enamel and dentine., Therefore, to
measure the exact strength of the current, you must know the resistance
of the tooth to be tested. Mackta7 emphasized the need to maintain a dry
tooth during testing to prevenf side currents and possible periodontal
response rather than dental response. He also emphasized the importancg
of good testing procedures involving control teeth before making an
opinion of tooth vitality. He stated: "The irritability of the nerves
of the pulp is determined electrically by a comparison of its threshold
ofﬁresponse with the pulps of other teeth,"

In a 1945 study by Ziskin and Zegaiellylo an attempt was made to
determine the resistance of the tooth. Values ran to over onermillion

ochms for the dry tooth to approximately fifty thousand chms in the wet

tooth. The wet-dry difference was also accompeanied by a large variation
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in different teeth. It was noted by them that in addition to a variatioﬁ
of threshold values in different patients that the psychological condition
of each patient brought about variations ip test values on ﬁhe szme tooth
f;om time»to time.

Markus in 19.'.1rt3,-""l stated that electric pulp testing was Géluabie to
the orthodontist for two reasons: (1)Vto know whether orthodontic
treatment has any effect upon the pulp; and (2) to determine the state of
health of the pulps of teeth prior to t?eatment. His investigation
involved 53 teeth eléctrically tested before and after orthodontic pressure
had been applied. Measureménts were taken in both amperes and‘volts but
no other information was reported as to type of electrical stimulator
used, He stated: "It showed a tendency toward an increased irritability
of the pulp as denoted by the lowered threshold of stimulation.” In 47 of
53 teeth tested there was no change or an increased amperage reading,
which indicates a decreased irritability. The author seems to draw his
conclusion from the fact that iﬁ 37 of the teeth tested the voltage need

dropped following orthodontic pressures.

An extersive study on pulp testing was begun by Bjorn in 1946.12
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“His tesﬁs were Qf the electrical stimulation type but did not involve
orthodontically treated teeth. He used direct current impulses of a
specific duration and measured the threshold value in amperes, due to the
inaccuracy of voltage readings (Ziskin and Wald, 195;3). Bjorn's
stimuiator had a maximum reading of 140 microamperes which‘tested.to be
insufficient to evoke a periodontal response., A large internal‘resistance

was placed in the stimulator to overshadow the resistance of the teeth.

Bjorn showed that threshold values obtained with the anode electrode

were approximately 2.5 times the values obtained when the cathode
electrode was used. He emphasized the imgortance of stating what electrode
is used in any given study. From his work, he gained several impressions
but lacked statistical data to substantiate the effort scientifically. He
felt that great variations existed between teeth of different individuals,
bﬁp that only slight variations were present in an individual when tested
from time to time. He found that large variations eiisted when the
electrode was placed on different positions on the crown surface. He

found there to be no significant difference between sexes or right and

left sides when tested. He placed great importance on the fact that the
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excitability of the tooth pulp was very much independent of any other tissue.

Bjorn's study produced valid information regarding electrical stimulors.

. Harris (1950)15 verified the inaccuracy of threshold values obtained
by voltage readings. He spoke of the importance of maintaining the teeth
to be tested in a dry coqdition. A significant variation was found in
~testing different individuals andAa slight variation was found on the same
patient from day to day.

Modifications were made in fhe Bjorn stimulator by Persson apd Bjorlin,
They limited the strength of the current to 70-80 microamperes to
elimingte periodontal reéponse. Also the newer stimulators wgre made
capable’of direct power connections

The first complete statistical study on vitality changes in
orthodontically treated teeth was done by Nordh i@ 1955.20 He approached
his study by askigg four questions: (1) Whaf is the influence of an
orthodontic band on the pain threéhold of a tooth? (2) What influénce
does extraction have on the pain threshold of teeth adjacent to the site‘

of extraction? (3) What influence does tooth movement, as in space

closure, have on the pain threshold of teeth? (4) What influence does.

18,19
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orthodontic treatment have on the pain threshold of the involved teeth?
Nordh felt the Bjorn pulp tgsfer to be the most accurate and used it in the
same form as Bjorn had in his 1946 study. Rubber dam isolation was not

used in the study, as the teeth were dried and isolated with cotton rolls

and the patient aéked to breathe through his nose.

Thirty—six teeth were tested on theAsame day before and éfter bénd
placement., There wgs no significant difference between the two readings,
showing that the banding procedure and'presence of the orthodontic band
does not alter current flow or pain threshold level.

V Thirty-five teeth wére extracted for orthodontic purposes‘and the

62 adjacent teeth were tested‘for pain threshold with a control‘group of
29 teetb from the same individuals. It was found that there was a
significant différgncé at‘the five percent level of the pain threshold
in the experimental teeth, The author felt the higher threshold value
obtained coul& be explained by edema, hyperemia, or haematomata rather
than severance of the nerves since‘nbne of‘the teeth showed complete

14

anesthesia. Martensson = discussed similar results following the

Caldwell-Lue operation. Nordh was able to follow 35 of the 62 teeth
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tested till space closurg was complete. Vhen testing the treated cases
against 18 control teeth, no Significaht difference was found., This seems
to éubstantiate the retufn to normal of pulp excitability following the
removal of orthodontic forces,

In the final gﬁoup, Nordh tested 13 feeth with a control group of ten
-teeth‘before_treaf@ent and again after the spaces were orthodbntically
closed. No significant difference was present between the readings.
During this study, the author tested seven teeth which had become
completely anesthetized during’active'tooth movement, At the time the
study was completed, one of these teeth had returned to a normgl threshold
valué. Nordh feels that this apparent damage of nerve tissue méy be due
to imprqper band placemeﬁt, too fast tooth movement, poor rooﬁ torque,
or excessive depressive or erupting forces, - This tends to confirm
Martensson's statement that a tooth may show total apaesthesia without
being non~vital,

Work of Butcher and Taylor (1949)15 showed that in the rat retraction

of a tooth into the alveolus caused necrosis of the pulp tissue. When

the forces were removed, tissue regeneration into the pulp cavity took
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place, but was devoid of odontoblasts and dentin-forming potentiality.

The odontoblasts seeﬁ to be very specialized cells which cannot differentiate
from all connective tissue cells, When wquing with monkeys, the authors16
found thgt the pulp of teeth with large apical foramina are more easily
injufed'by retraction than the pulp of teeth with small foramina. In the
large foramina teeth, the odontoblasts_and mogt of the pulp degenerate
upon-retraction; and upon réleasé these are ﬁeplaced from compressed
tissuevat the apex.

In 1952, Butcher and Taylérl7 aiscussed the possibility of the
orthodontist strangulating the pulpai vessels with his appliance: "The
orthodontist uses small forces compared with those used in these
experiments. Second, his fgrce is not exerted on the long axis of the
tooth but is usually cqnstructed for fipping the tooth, While tipping
the tooth 1abially would interfere with most vessels, enough communicating
rvessels would probably still exist lingually for necessary vascularization.
; It, therefore, is possible, yet not very probable that any appliance of *he

orthodontist would have such a force or direction as to strangulate the

vessels to tie extent of causing a necrosii of the pulp., In many
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instances, as shown by our previous experiments, the necrotic pulp would
be invaded and repopulgted‘b& growth of tissue from the apical region...
Althouéh thers is more danger of altering the blood vessels by tipping the
tooth labially, there is little evidence that the retracfive force applied
by orthodontists would be sufficient to strangulate the’vaécdiarity of the
pulp.”

Mumford and Bjorn (1962)22 in an article on electric pulp~testing,
spoke of basic<rgquireménts in obtaining accurate results. They feel an

adequate stimulus, an adequate technique of applying the stimulus to the

~
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teeth, and a careful interpretation of the results are essential, Mumford
found in a threshold study of normal anterior teeth that no significant
difference existed>between tested male or female subjects, between
maxillary canines, 1atera1s, or centrals, or between mandibular canines,
laterals or centrals if rubber dam was used and an electrode of sufficient
‘size was used to overcome the variation due to the subjects impedance.

Other studies of Mumford>224s25

have added such information as effuects

of age, adaptation, current direction, changes in stimulator frequency and

electrode ar=a. His study on the résistiv:ty of human enamel and dentine



have also added to the knowledge of dental physiology.
Many of the properties of the stimulation used by Bjorn and Mumford
have been incorporated into the apparatus developed at the University of

Oregon Dental School and used in this experiment.

20
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MATERTIALS AND METHODS

Patients were selecﬁed at random from the Department of Orthodontics,
University of Oregon Dental School, Portland, Oregon, and inclqdéd 15
pgrsons; fi&e males and ten females ranging in age from li-Bwto 17-4 years
of age who were undergoing orthodontic»treétmenf. Control subjects were
drawn from examined patients prior to placement of orthodontic appliances
and included 11 personsi five males’and six feméles rgnging in»age from
11-8 to 16-1 years‘of age. 4 total of gpl maxillary and mandibular
anterior teeth were tested, 111 orthodonticélly treated an% 80 untreated.
The experimental teeth were treated with an ,022 bracket conventional
~appliance,

The method used to détermine and measure the pain threshold of the
teeth tested in this study was similar to that employed by Bjorn (1946)12
and Noxrdh (1955)?0 The stimulator (Fig. 1) used in this study was
operated by two 9-volt batteries and had a current intensity range of

0 to 190 microamps working into a load of 1.0 million ohms. The current

produced by the machine consisted of short direct impulses with a
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rectangular wavefront (Fig, 2) and a duration of approximately 0.2 milliseconds.

The frequency of the current impulses could be varied. During this

investigation the frequency of the impulse was maintained at approximately
120 per segond° To eliminate the variations of the exfernal rgsistance,
the stimulator was suppliea with an internalk resistance bf>§§§roximately
100,000 ohms."

. The patient held a hand electrode, copper cylinder wrapped in wet
gauze which conducted the stimulgting qurrent. A metal tipped electrode
of approximately thiee square millimeterfrin transverge section with a
plastic insulated handle acted as the stimuiating electrode and was held
against the tooth to be tested. The tooth electrode was wired’so‘as to
always become the cathode. The intensity of the stimulating current was
regulated by a potentiometer, on which the value of ocutgoing impulses was
read in scale divisions., The threshold Qalue obtained was then read in

microamperes on a microammeter. The correlation between scale divisions

and microamperes was obtained by constructing a calibration curve for th:

Stimulator designed and constructed by Fred M. Sorenson, University of

Oregon Dental School, Portland, Oregon.
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stimulator (Figén 3,4)b

The patient was placed in the dehtalAchair and the details of the
exﬁeriment explained. The stimulatér was placed out of the direct sight
of the patient yet closg enough for the tester torrea@ the microammeter,
The patientAwas asked to_hold the hand eiectrode firmly ih:his left hand.
The tooth to be tested was isolated with a two-inch square piece of
rubber dam material and dried with a stream of air. The tip of the
electrode was dipped in tooth paste and then placed on the mid~incisal
edge of the tooth to be tested,

Qhe patient was toid to “"'grunt" or raise his right hand at the
instant he felt the first sensation within the tested tooth. The
intensity of the current was then slowly increased by the potentiometer
until the patient responded. The scale divisions weré then read for
fhe first time and the potentiometer was turned back to zero. The
current was again slowly increased until the patient indicated a second
sensation, This procedure was repeated until approximately the same

threshold value was observed three times in succession.

The instrument used in:this experiment allowed a single operator to
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conduct thé test. The operator stdod behind the patient, dried the tooth,
held ihe potentiometer in the left hand and with his right hand contacted
the'toothvand electrode.

Radiographic‘records were taken on all'subéects prior to the treatment
procedures, Further radiographs were taken on those teetﬁ‘éiowing
abnormally highvthreshold,values.

The data was stétistically‘analyzed by employing T tests, pre-selecting
an alpha level of .05 for significance. A sample of 35 representative
teeth were tested By the double determination method to obtain anrestimate

of reliability (SEMeas= /g%f Je
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RESULTS

The electrical threghold value of each of 201 iaxillary and mandibular
teeth was determine;lc The control and 110 orthodontically treated teeth
Qere divided into eight groups for statistical analysis. )

yﬂhe total grouped maxillary and mandibular anterior teeth were
analyzed (Figf 5) and the range'of response varied from 1-25 ua. The
mean level of response for the orthodgntically treated teeth was 8.8
with a standardrdeviation of 4.7, The Qontrol mean was 7.1 with a
standard deviation of 4;4. Analysis by the "it" test showed t‘= 2.50
for infinite degrees of freedom, which is significant at the five percent
level,

The maxillary anterior teeth consisting of 56 test teeth and 45
control teeth were tested (Fig. 6). The mean response for the experimental
teeth was 11.0 with a.standard deviation of 4.9; The maxillary contfol
teeth had a mean value of 7.9, and & standard déviation of 4.2. The "t”.

test value of 7.56 was significant at the five percent level with 99 degrees

of freedom,



Maxillary central incisors included 22 orthodontically treated teeth
and 12 control teeth (Fig. 7). The orthodontically treated teeth had a
mean of 9.8 and a sfandard deviation of 3.,7. The controls in this group
had a pean of 5.2 and a standard deviation of 1.9. HResults of the "t"
test were significant at the five percent ievel with a vaiué'of 4,81
using 32 degrees of freedom.

Maxillary lateral incisors showed a similar trend to the three
previous groupg_(Fig. 8). Eighteen experimental teeth had a mean
respohse of 11.4 and a standard deviation of 5.1. The 14 control teeth
in this group had a mean of 6.9 and a standard deviation of 474. The
g test value of 2.69 with 30 degrees of freedom was significant at the
‘five percent level,

The méxillary cuspid teeth when analyzed showed no significance,
ﬁowever the 16 orihodontically treated teeth, when compared Qith the 19
control teeth, followed the same trend as shown in the previous groups

(Fig. 9). The test teeth had a mean of 12.2 and a standard deviation of

5.9. The control cuspids had a mean of 11.2 with a standard deviation

26

of 3.7. The "t" test value of ,065 was not significant at the five percent



27

level with 33 degrees of freedom.

Mandibuiar anterior tgeth, 45 control and 55 experimental, were
compared {(Fig. 10), The experimentzal teeth had a mean of 6.5 and a
standard deviétion of 2;9. The éontrol teeth hgd a mean of 6.4 with é
sténdard deviation df 4.6 The Mg value of 1.25 with 98~déérees of
freedom was not significant at the five pércent level. However, 60
»percent of the orthodontically treated teeth did indicate a raised
threshold response to the electrical ;timulus.

The mandibular central and lateral\;ncisor teeth were analyzed as
one group (Fig. 11). The 36 orthodontically treated teeth had a mean
response of 5.9 and a standard deviation of 2.7. The 31 control
ineisors had a mean of 4.7 with a standard deviation of 3.4, The "t"
test value of 1.66 with 64 degrees of freedom was not significant at the
five percent levei. Approximately 88 percent of the treated tgeth
indicated an increased threshold to the electric stimulus.

When the 19 experimental mandibular cuspids were compared to tbe

14 control mandibular cuspids no statistical significance was shown

(Fig..12). The experimental cuspids had « mean of 7.5 with a standard



deviation of 3,1, The control‘teeth had a mean of 10,0 and a standard'
deviation of 5.0, The "t" test value of 1067 with 31 degrees of freedom
was nof gsignificant at the five percent }evelo

To»determine an estimate of reliability, 35 anter@or teeth were
tested by the double defermination method. - A value of .9i,wés found for
the Standard Error of the Measure using the experimental procedures

outlined in the Methods' section of this paper.

28
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DISCUSSION
The instrument used in this study showed a relatively high level of

reliability as demonstrated by the SEMeas of 91 ALamps and ease of

operation by one person.. Furthermore, it appearéd tha£>the patients were
less apprehensive during the testing p:ocedure fhan when tesfed with
instruments requiring two operafors. In all likelihood the familiarity
of the one doctor to patient relatignship was responsible fof this
observation. The éurrent type testing qf the instrument by-passes the
wéakngss of vqltage testing as stafed by Bjorn (1946).12 since it is
the current which produces excitaﬁioﬁf any values given for the vbltage
may therefore be a gange of the electrical resistance actually occurring
at the time of meaéurement rather than of the excitability of the dental
tissues.

The studyrwas limited to maxillary and mandibular anterior teeth.
It was felt these teeth would be more easily isolated aqd would experieice
the movements common to orthodontic treatment: retraction, rotation,

tipping, intrusinn, and extrusion. Rubbe: dam isolation was placed on
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each tooth prior to testing., Mumford, Bjorn (1962)22 spokevof the
possible ;oss of current by-passing the dentine and pulp over the tocth
surface to the gingiva. They further advocated rubber dam isolation,
stating: "General}y the loss tends to increase~as moisture from the
gingival or expired air collects on the tooth. This expléins why the
threshold value épparently rises in some teeth when not adecuately
isolated.”

The tooth electrode was slightlylgrooved so as to cradle the
incisal edges of the tested teeth. This location seemed to be the most
convenient, furthest removed from banding material, easiest to repeat
and found to be more consistent in tests by Mumford (1960).21

Dafa obtained in this study was noﬁ separated as to male or female

3

subjects, Mumfor@‘s study of 1963,2 showed nn significant difference

at the five perceﬁt leQel when comparing anterior teeth of the two sexes.
When maxillary and mandibular teeth combined were tested, the

experimenfal and control differed significantly at the five percentvlevcl.

This elevation in the stimulus threshold of orthodontically treated teeth

is further suggested in Figure 5, which shows approximately S0 percent



31
of the treated teeth reguired more current to respond than did the controls.
Further division of the data shows a significant raise in the threshold
of the total maxilléry anterior teeth, the maxillary ceatral incigors, and
the mgxillary lateral incisors when grouped and compared as control to
experimental teeth, This raising of the threshold value ﬁaéwalso suggested
by the lower percentage of treated teeth responding at a given micrbamp
Vlevel when compared with the controls.
The maxillary and mandibular cus;ids, the mandibular incisors, and
the mandibular anterior teeth; show no statistical significance between
control and experimental teeth. However, each of these groups demonstrated
& trend towards higher current readings for experimental against control
teefh gxcepting the mandibular cuspids. This tendencj for a raiseé
threshold to electrical stimulus for experimental teeth seemed to prevail
in all cases exceﬁt the mandibular cuspids (Fig. 12). The size and
position of both the maxillary and mandibular cuspids may be responsible
for the failure of‘these teeth to show significant threshold changesf

The cuspid is suoported and protected in the dentition so as to withstand

strong insults and maintain its status quo. Effects of orthodontic forces



~ may possibly be seen much earlier and more frequently in those teeth not

as well protected as the cuspid.

32
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SUMMARY AND CONCLUSION
The purpose of this study was to assess if orthodontic treatment has

an effect on the electrical sehsibility of human anterior teeth.

The electrical threshold for 111vorthodontically fieated aﬁterior
teeth and 90 control anterior teeth was defermined. The teéted and
control teeth were divided ihto eight groups and "t" tested for
significance.f The eight groups we?e éiso plottéd on graphs to demonstrate
trgnds. N

Comparisons of the findings were made and the following conc;usions
may be drawn from the study:

1, Maxillary and mandibular anterior teeth while undergoing orthodontic
treatment displayba higher electrical threshold than do non—treated controls
Coross-sectional‘data, “t" tested for significance at five percent level).

2. Maxillary cuspid, mandibular cuspid, and mandibular incisor
threshold levels for elgcfrical stimulation between orthodontically

treated and control groups show no significant difference at the five

percent level,
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3., Although only two groups show statistically significant
differences, all groups except the mahdibular cuspids show incre=sed

average current required to stimulate the treated teeth.
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Fig, 1 Electric Stimulator




Fig, 2 Electric Stimulator Rectangular Wavefront.
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STIMULATOR CALIBRATION Fig. 4

SCALE DIVISIONS ACTUAL CURHENT FLOW
_Pamps -
10 Meg 1.0 Meg 0.1 Meg

1.0 - - 8.0
2,0 3.2 ' 16.0 48.0
3.0 12.0 36,0 88.0
4.0 -~ 20,0 60.0 ~ 128.0
5.0 A 28.0 | 80.0 168.0
6.0 40.0 104.0 208.0
T8 48,0 124.0 -

8.0 : 56.0 148.0 -

9.0 64.0 - 0

10.0 76.0 - -
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