










































































































































































Figure 3:

Control and Response Tracings
for Seven Subjects. ‘
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CHAPTER 5

DISCUSSION

Many clinical studies evaluating dental local
anesthetics have been comparatlive in nature, not necessar-
ily investigating the influence of the anesthetlc or
the vasoconstrictor on the dental'pulp; These studies
have also relied heavlily on subjective evaluation by the
patients and investigators, thus risking the influence
of patlient psychology and prejudicial attitudes by the
observers (Harris and Worley, 1959)., Other studies have
recorded the physiologic effects of anesthetlic or vaso=-

constrictor on the dental pulp, but have utilized

techniquee which in some way altered the normal tooth
structure. Finslly, some techniques have been utilized
successfully in animals, but have not produced satis-

; factory results when applied to humans (Brown et al, 1966),

A review of the literature related to the addition
of vasoconstrictor to dental anesthetic reveals little
inférmation concerning the basis for use of eplnephrine

in concentrations of 1:100,000 or 1:50,000, In fact,

several studies evaluating the efficacy of dental
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anesthetics show more dilute concentrations of epineph-

rine to be as effective as the commonly used concentrations,
Reeve (1970) suggests that theoretically, the greater

the coﬁéentration of epinephrine after a certain optimum

is reached, the less profound the anesthesla will be,
because the limlted buffering capacity of the interstitial
fluld in an area of compiete ischemla does not convert

as much of the acidic anesthetlic solution to free base

to affect the nerve,

The use of photoplethysmography to study'the effect
of local dental anesthetic, with and without vasoconstrictorn,
has not been previously reported., No harm 1s done to
hard tooth structure or to the dental pulp as a result
of the photoplethysmographic technique, This statement
is supported by the results of the saline control and
post-injection tracings which remalned unchanged during
the one~hour recording period (Fig. 3). Also, an
opacity pulse similar to that initially obtained on a
particular tooth, was recorded each time the tooth was
monitored over a four-week period, Thus, photoplethys-

mography was shown to be atraumatic to the deﬂtal pulp,

Modification of the esr-lobe plethysmograph for
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use on teeth has not been previously reported., The

advantage of using this photoplethysmograph is its pre-

é! assembled availability, thus eliminating the necessity

| of having to determine by trilal and error, the particular
group of components that will function satisfactorily
together, and in combination with a preamplifier and

recorder,

The synchronization seen between heart rate (ECG)
and tooth opacity pulse frequency 1s not unexpected if
the plethysmograph is actually monitoring pulpal
circulation and reacting to changes in it. Upthegrove
et al (1966) noted that pulsatile waves similar in con-
figuration to the type recorded with a photoplethysmo-
grapnh are known to be caused by cardioballistics., They
went on to demonstrate in doge that occlusion of the
ipsilateral carotid produced a drop in total optical
denslty and pulse helght, Injection of saline into the

ipsilateral carotld produced an overall decrease in
optical density, while injection of cardio-green dye
caused an overall increase, These findings 1ndicated
that cardioballistics were not a major cause of the re-
corded pulsations, During the present study a synchro-
nized festing rate for ECG and tooth opacity pulsé was

established by having the subjects lle quletly on the




cot for one hour prior to the injection of a solution,

In all cases there was a synchronilized increase in both
ECG and opacity-pulse frequency following the injection
which can be attributed to the apprehension and excltement
- normally experienced when a dental injection is re-

ceived (Table 2),

The similarity of the opaclity pulse tracings among
the subjects and the abllity to reproduce it were taken
as further evidence that the method presently suggested
for study of the dental pulp circulation is a valid one.
On all subjects, once the pattern had been established
during a control period, it remained the same for the
renainder of the thirty-minute period; thus environmental
conditions were well stabllized whille the transducer was
in place., The shape of the tracings (Fig.3) was the
same as that described by Upthegrove et al (1966) and
Pike (1969)., That is, the onset of each wave was
characterized by a rapid rise until a peak was reached.
The declining side of the wave was less steep with a
deflection similar to a dicrotic notch in many of the
tracings. In discussing the hemodynamlcs of the arterial
circulation, McDonald and Taylor (1959) attribute the
dicrotic notch to the closure of the asortic valves, 1In

the peripheral pulse this 1s followed by a second
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pressure wave called the dicrotic wave assumed to be due

to wave reflection, Thls wave was seen in some, but not
all of the present tracings. Welinman and Sapoznikov (1969)
étate that the origin of the dicrotic complex and of
rnythmlic waves in blood volume and blood pressure re-
cordings is still unclear and their interaction therefore

1s difficult to understand.

Several factors should be taken into account when
considering that the amplitude and shape of the tracings
did vary slightly among the subjects. Pike (1969)
has shown that the amplitude of the recorded opacity
pulss 18 related to the slze of the dental pulp.
Upthegrove et al (1966) emphasized that young dogs were
used in thelr study. A young tooth is better than an
older one for photoplethysmographic evaluation because
the pulp chamber will be larger, lacking the additional
dentin laid down during the aging process, In addition,
since the 1light from the plethysmograph travels through
the tooth in a beam, 1t 1s possible to include different
amounts of the total pulp tissue 1in this beam at any
given placement of the vplethysmograph. The transducer
in the present study camnot be placed in exactly the
same loéation each time it is put in position, However,

the fact that it can be moved over the tooth surface until
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a satisfactory recording position is found 1s a distinct

advantage.

The results of the injectlons of the four solutions
ag recorded in human teeth correspond closely with
results Harrington (1969) obtained from infiltration
injections (saline, Carbocaine and Xylocaine with and
without epinephrine, and plain epinephrine) with dog
canines. Pulp pressure changes were recorded in his
gtudy. He found that one milliliter of saline or 2%
Xylocalne without vasoconsirictor infiltrated aplcally
did not gignificantly alter pulp tissue pressure, The
point was made that in clinical appllication, the effect
of a local anesthetic alone on a particular vascular bed
1s the consequence of the entire spectrum of anesthetic
activity at the injection site, and that analysis of the
interplay among these factors is difficult, The net
effect of local anesthetic on pulpal microcirculation,
however, was sald to be negligible, When the anesthetic
was combined with vasoconstrictor (epinephrine 1:100,000
and 1:50,000) a decrease in pulp tissue pressure was

recorded, This was attributed to the action of the

vasoconstrictor on the adrenergic receptor sltes assoclated

with the vascular smooth muscle, As a result of vaso-

constriction and because the vascular resistance 1s a




na jor determinant of volume blood flow, the vessel diameter
change during vasoconstriction resulted in decreased flow

to the tilssues peripheral to the injection site.

Pohto and Scheinin (1962) in contrast reported that
Carbocaine and Xylocaine without epinephrine caused a
marked retardation of blood flow in rat inclisor pulp
when administered by mandibular bleck or continuous drip
onto a dentinal window. Their results seem to be an
exception and some lnvestigators have questioned their

experimental design,

Kozam and Burnett (1959) described spurts of blood
coursing through constficted vescels when epinephrine
1:1,000 was placed on a dentin window of a rat incisor.
One might apply this description in explaining the ap-
pearance of the experimental (post-injection) tracings
obtained when Xylocaine with eplinephrine was injected

during the present study (Fig.3).

The duration of the effect of the vasoconstrictor
appeared to be related to i1ts concentration (Table 3).
Along with other factors, the concentration of the vaso-
constriétor determines the amount of any resultant vaso-

constriction. The more efficient the reduction of the




blood supply to the affected area, the greater will be
the duration of the effect produced, be 1t anesthesia or
interference with pulpal microcirculation, This is
because the rate of reabsorption and removal of the

solution is reduced,

Finally, the question of what actual physiological
event 1s being monitored by the photoplethysmograph must
be considered. Wiggers (1952) has defined pulse as the
expansion of the vesselé which the pressure pulse pro-
duces in any part of the arterlial system. It represents
a change/}? diameter of vessels produced by internal
chéﬁgééfin\pulse pressure, Most investigators feel,
héwever, that there 1s not a change in small vessel
diameter in the dental pulp due to the cardlac cycle
(Taylor, 1950; Palmer, 1959; Weiderheilm, 1964 and
D'Agrosa, 1967). According to La Place's Law, the
smaller an artery, the less llkely it 1s to distend due

to the cyclic increase of internal pressure related to

heart heat.

An alternative explanation 1s that there is a
pulzatile pressure related to heart beat causing a
change in blood flow velocity in the vessels of arteriolar

size., Therefore, pulsatile increases in intra-vascular




pressure would produce pulsatile increases in velocity
of blood flow. Thils is consistant with what has been
observed (Bloch, 1962; Pohto and Scheinin, 1962; Kozam
and Burnett, 1959), During the period of the cardiac

. eycle when rapid flow occurs, the orientation of cellular
elements in the blood 1s not the same as during the perlod
of reduced flow. This could account for pulsatile alter-
ations in tissue transilluminosity (Pike, 1969).

D'Agrosa and Hertzman (1967) found that a photoplethys-
mograph connected to a single small vessel showed that‘
when blood flow veloclty decreased, the area transmitted
more light, even though no change in vessel dliameter

was seen., Because the recorder pen was adjusted to
deflect upward when less light penetrated the tooth

in the present study, opacity pulse amplitude decrease
would indicate a decreased velocity of blooé flow,
Therefore, after injection of the anesthetics with
vasoconstrictor, the reduction of opacity pulse amplitude
nay be attributed to a reduction of the flow rate of
erythrocytes due to vasoconstriction of the vessels at
the apex of the monitored tooth., Gadd et al (1969)
showed that 1pcreasing concentrations of epinephrine
topically appllied to capillaries of dog canines reduced
the flow rate of erythrocytes according to the concen-

tration, Changes in flow velocity would result in an

._1-* -----------------------N
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alteration in orientation of erythrocytes which has an
effect on the optical properties of the flowing erythro-

cytes (Kramer et al, 1951).

Van Citters (1962) has shown that small arteries
greater than one millimeter in dlameter do not occlude
conpletely during a consﬁrictor response, while arteries
less than one millimeter in diameter may be occluded.

It is suggested that the lack of recognizable pulsations
in the tooth opacity pulse in most recordings following
injection of anesthetic with epinephrine f:lO0,000 or
1:50,000 (Table 3) is due to the possibility that blood
was able only to spurt through phe nearly occluded
periaplcal vessels rather than flow in a pulsatile manner

in response to the cardiac output,

The effect of the anesthetlc with vasoconstrictor
was seen to be reversible in thls and other studies.
Clinlically, however, 1t should be remembered that even
though a pulp 1s vital, the status of its overall con-
dition may be somewhere bstween health and pathology.
Disruption of the pulpal microcirculation for extended
periods in combination with other dental procedures,
may in certain pulps, be enough to shift the condition
of these pulps entlrely to the pathologlc. It is sug-




gested that a future study might evaluate photoplethys-
mographically, the effect of anesthetic and vasocon=-
_strictor on pulps judged to be less than normal., The
effect of more dilute concentrations of vasoconstrictor
as well as the effect of mandibular block anesthesla

on pulpal circulation should also be evaluated,

Future possibilitles for the dental plethysmograph
and recording system presented in this paper include:
use as g research tool, use in student laboratory |
experiments, and development for use as a clinical

pulp tester,




CHAPTER 6

SUMMARY AND CONCLUSIONS

A study of blood flow changes in the human dental
pulp associated with local anesthesia was conducted by
monitoring maxillary incisor teeth photoplethysmograph-
1cally, Analysis of tooth opacity pulse and ECG re=
cordings obtained from each of the subjects revealed
identical frequencies, Tooth opacity pulse recordings
were similar among the subjects and could be reproduced.
The pattern was related to the particular subject and
the placement of the photoplethysmographic transducer,
Periapical infiltration of one milliliter of 2% Xylocaine
or seallne had no demonstrable effect on the amplitude
of the tooth opacity pulsé or oh the quality of the
pattern recorded, Perlapical infiltration of one milli-
liter of 2% Xylocaine with epinephrine 1:100,000 or
1:50,000 resulted in a reduced amplitude of the tooth
opaclty pulse in all subjects and a.disruptionAof the
pattern recorded in most subjects, The duration of the
vaséconstrictorfs effect was generally shorter with the

1:100,000 dilution than with the 1:50,000 dilution,
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