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Computerized Local Anesthetic Delivery
vs. Traditional Syringe Technique

SUBJECTIVE PAIN RESPONSE

Mark Hochman, D.D.S.; Donald Chiarello, D.D.S.;

Robert Lopatkin, D.D.S.; Steven Pergola, D.D.S.

he perception of pain
during the administra-
tion of an intraoral
injection of local anes-
thesia can be attributed prima-
rily to: 1. tissue puncture; 2. fluid
pressure; 3. the flow rate of the
drug administered. Other factors
that may influence the percep-
tion of pain are the temperature
of the drug and the tactile control
of the needle. If these variables
could be controlled precisely we
could alter the perception of pain
during an intraoral injection.

It is our hypothesis that
there is a range of optimal flow
rates at which pain perception
can be minimized. Currently the
most widely used method of in-
jection is the metallic aspirating
cartridge syringe system. With
this system, flow rate and fluid
pressure are operator-dependent
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M ABSTRACT

A study was designed to determine if there are changes in the percep-
tion of pain when the flow rate and pressure of an injected anesthetic
are precisely controlled. Fifty dentists were given contralateral palatal
injections. One side was injected with the Wand Injector, a new delivery
system that uses a microprocessor and an electric motor to precisely
regulate flow rate during administration. The control side was injected
using a standard manual syringe, in which flow rate and pressure are
operator-dependent and cannot be controlled accurately.

The subjects used two subjective scales to describe their per-
ceived pain experience. When their responses were analyzed the Wand
Injector was found to be two- to three-times less painful than the
manual infection. The results were statistically significant (p<.001).

The authors conclude that there is an optimal flow rate of anesthetic
solution at which the perception of pain during an injection is minimized.

and cannot be controlled precisely.
A new computerized delivery sys-
tem, planned for introduction into
the dental market, can precisely

control the flow rate and modu-
late fluid pressure by the use of a
microprocessor and an electroni-
cally controlled motor. This new



system also allows for a pen-like
grasp hold that appears to result
in an enhanced tactile sense.

The objective of this clinical
study is to determine if the com-
puter anesthetic administration,
by injecting at an optimal flow
rate and controlled fluid pressure,
influences the perception of pain
in test subjects when compared
with a conventional local anes-
thetic delivery system.

Methods and Materials

The Wand Injector (WI) (Milestone
Scientific, Inc.) is a microprocessor-
driven injection device that
delivers a controlled infusion of
anesthetic solution. The WI uses
the standard 1.8 ml. dental anes-
thetic glass cartridge. The micro-
processor monitors and varies the
infusion pressure while maintain-
ing a defined flow rate. An elec-
tronically driven plunger contacts
the rubber stopper in the cartridge
and expells the anesthetic solution
at the precisely regulated rate. Ster-
ile tubing connects the cartridge
receptor to a pen-like, hand-held
instrument that is attached to a
standard dental needle, together
forming a disposable syringe as-
sembly (Figure 1). The WI will
automatically aspirate during
drug administration to insure that
intravascular placement has not
occurred. The WI is an FDA mar-
ket-approved instrument.

A total of 50 dentists par-
ticipated in this clinical study.
Participants had to be between
18 and 65 years of age, in good
general health and have no
contraindications to local anes-
thetics. Pregnant females were
not eligible for the study. The
study subjects volunteered to
participate. Verbal informed con-

Figure 1. Wand system prototype
working model consists of control unit,
disposable injector and foot control.

sent was obtained prior to the
clinical study.

Subjects were blindfolded
during the study. Each subject re-
ceived two injections in one
appointment. Subjects served as
their own control. The test injec-
tion was a computer-regulated
injection, the Wand Injector. The
control injection was performed
with a metallic, breech-loading,
aspirating syringe (Cook-Waite Carpule
Aspirator®). An audible tone was
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produced by the WI during both
injections so that subjects were
unable to distinguish between the
two techniques by sound. Injec-
tions were given palatally on teeth
numbers 04 and 13, 10 mm. from
the free gingival margin. A table
of random numbers determined
which injection was received first.

All patients received mepi-
vacaine 3% without a vaso-
constrictor (carbocaine HCL 3%,
Cook-Waite Labs®), at a temperature
of 70° Fahrenheit (21° C). A
volume of 0.45 ml. was adminis-
tered in each using a 30-gauge
needle (Monojet Corp.®) for both
injections.

The Wand Injector was cali-
brated to have a fixed plunger
travel at the rate of 1/200inch/
sec. The microprocessor was pro-
grammed to vary the solution
pressure in response to tissue
resistance encountered while
maintaining a fixed flow rate
established by plunger travel rate.

FIGURE 2
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FIGURE 3
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The WIwas designed so that head
pressure varies between zero and
25 pounds. The system cannot
exceed 25 pounds of pressure,
thereby preventing the glass
cartridge from breaking or the
needle assembly from rupturing.
With the conventional delivery
system, 0.45 ml. was adminis-
tered over 25 seconds; care was
taken to use “light” force with
the hand-held syringe.

Immediately following the
injections subjects responded to
a verbal scale and a visual ana-
log scale, or VAS, to assess the
intensity of pain they experi-
enced. A five-point verbal scale—
O=none, l1=minimal, 2=slight,
3=moderate, 4=severe—was
scored. The VAS is a 100 mm.-
long horizontal scale that con-
verts five subjective responses
into a measurable analog scale.
O=none was on the far left, at 0
mm., and 4=severe was scored
on the far right at 100 mm. Analy-
sis of data was performed by the
Wilcoxon Matched Pairs Signed
Rank Test. '
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[®Wand Injection
B Control Injection

The tip of a dental explorer,
applied with positive pressure on
the palatal tissue 10 mm. from
the free gingival margin on teeth
numbers 04 and 13, was used to
assess anesthesia. Post-admin-
istration testing was done at
one-minute intervals until a lack
of response to sharpness was
obtained for three consecutive
readings. Two dentist investiga-
tors administered the injections
using a standardized tech-
nique. The doctors were instructed

Post-administratidn

testing was dohe at
. one-minute intervals
“until a lack of respohse
to sharpness was
obtained for three

consecutive readings.

to make needle contact with peri-
osteum three seconds after pen-
etration of soft tissue.

Results

Forty-eight of the 50 subjects said
the Wand Injector was more com-
fortable than the conventional
syringe technique (p<.001). One
subject found them to be equiva-
lent, and one found the WI less
comfortable (Table 1). The mean
and median for the WI for the
five-point verbal scale was 1.02
and 1.0 respectively. The mean
and median for the five-point ver-
bal scale for the conventional
syringe technique was 2.5 and 3.0
respectively. Results of the
Wilcoxon Matched Pairs Signed
Rank Test indicate the difference
between the W1 and the manual
injection ratings is statistically sig-
nificant (p<.001).

Bar -graphs of the 5-point
verbal scale for both the WI and
control technique are shown side
by side (Figure 2). The following
is observed:

Eighty-two percent of the
“pain” responses to the WI were
either “No Pain” or “Minimal
Pain” perceived, while only 10
percent of the control subjects
choose these two catagories.

Fifty-six percent of the
“pain” responses to the control
technique were either “Moderate”
or “Severe,” while only four per-
cent of the WI subjects chose to
describe it as “Moderate” and zero
percent found it to be “Severe.”

Plots of each subject’s re-
sponses to the VAS to both the
Wland conventional syringe tech-

“nique are found in Figure 3. Of

interest is the finding that dif-
ferent pain thresholds can be
identified for each subject. Sub-



jects that started at a higher per-
ceived pain level for the manual
injection technique consistently
demonstrated a higher perceived
pain level for the WI.

Fifteen subjects made unso-
licited comments that the manual
palatal injection was reasonably
comfortable, even though they
found the WI preferable. Soft
tissue anesthesia was tested by
pricking the palatal tissue with an
explorer, using positive pressure.
Both the manual injection and the
WI anesthetized soft tissue within
two minutes on all subjects. The
WI was as effective in achieving
anesthesia as the conventional sy-
ringe method, but was consistently
found to be less painful.

Discussion

The results of this study demon-
strate a statistically significant
reduction in the perception of in-
jection pain when comparing a
computer-administered local anes-
thetic with the conventional local
delivery as performed on dentists.

Because of the characteris-
tics of the palatal tissues this
injection was deemed to be
among the most painful of dental
injections, and indeed is consid-
ered by many dentists to be one
of the most traumatic techniques
used in dentistry. Even so, 96
percent of participants indicated
they considered the WI adminis-
tration to be a “None” to “Slight”
pain experience.

The results support the con-
cept that an optimal flow rate of
administration of local anesthetic
exists. Optimal flow rate can be
defined as the rate of administra-
tion of fluids into soft tissues via
a needle at which minimal or no
discomfort is felt. It is our con-
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TABLE 1
iWAND ] INORMAL 1
Subject # 5 polnt scale 100mm scale Spoint scale 100mm scale
1 1 17 2 46
2] 2 41 3 €6
3 1 24 3 78
4 1 18 3 71
5 1 7 2 47
8 1 5 3 75
7 24 3 71
8 17 3 77
9 12 3 75
10 18 2 50
11 7 3 85
12, 8 2 45
13 8 3 76
14 4 1 25
15| 1 18 2 48
16 2| 50 3 73
17 1 26 3 63
8 12 2 Xl
9 14 3 79
20| 1 15 3 &9
21 0 9 1 22
22, 1 18 3 76
23 2 62 3 79
24 0 3 1 26
25 1 10 2 37
26| 2 48 2 50|
27| 2, 36 3 70
28 1 17 3 77
28] 0 4 1 31
30 3 79, 2 51
EX 1 10 3 83
32 1 20 4 81
33 1 34 3 72
34 1 18 3 76
35 0 [ 3 82
36 2 57 3 82
37 1 12 2] 44
38 1 18 2] 48
38 1] 4 1 23
40 1 19 2 63
41 1 14 3 80
42 1 18 3 88
43 0 [} 2 60
44 1 13 3 81
45 1 16 2 55
46 1 19 3 7€
47 0 8 2 60
48 1 19 2 54}
49 2 ] 4 82
50 1 25 2 42
mean 1.02 2142 25 61.64
median 17.5 3 87.5
mode 18 3 78
st dev 0.622372 ] 16,22557 0.735402 17.90765]

tention that this is not a single
specific rate but a range of rates.
To date the ability of any operator
to quantify the rate of delivery of
local anesthetic has been impos-
sible. The rate used in this study,
1/200 inch/sec. of plunger travel
for the dental cartridge, is within
the range of an optimal flow rate.

The WI is unique in that it
can maintain optimal flow rate
precisely during the administra-
tion of local anesthetic. The
plunger travel is preset in the
software of the instrument at

1/200 inch/sec. A microproces-
sor with a feedback loop
maintains this rate even when
different tissue resistances are en-
countered. The pressure pro-
duced during the injection can
vary in order to maintain the de-
sired flow rate. The ability to
separate flow rate from pressure
is a unique feature of the WL
The conventional syringe
system directly links flow rate to
the pressure at which the local
anesthetic is injected. It is not
possible to separate these two
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properties during manual admin-
istration. It is also not possible to
maintain a particular flow rate
when different resistances are
encountered during manual ad-
ministration.

Another benefit of the WI
system over conventional deliv-
ery systems is improved tactile
sensation. The pen-like grasp hold
enables the operator to maintain
a more gentle and controlled ma-
nipulation of the needle. Minimal
force is required during admin-
istration. The majority of procedures
in dentistry requiring refined eye-
hand coordination are performed
with a pen-like grasp hold.

The use of a microprocessor
with feed back loop methodol-
ogy enables the WI to precisely
correct for resistance changes
while maintaining the optimal
flow rate, resulting in a reduction
of pain during injection. In addi-
tion it is now possible to generate
high levels of pressure at an opti-
mal flow rate. This has lead us to
additional findings in the admin-
istration of local anesthesia.

During clinical use of the
WI several interesting observa-
tions were made that need more
research. We found the WI
capable of producing comfortable
periodontal ligament injections,
which produce pulpal anesthe-
sia. Because high pressure can
be produced while still maintain-
ing an optimal flow rate, patients
receiving a PDL injection per-
ceive minimal discomfort. This
preliminary finding requires ad-
ditional study.

We were also able to obtain
pulpal anesthesia of multiple
maxillary teeth from a single
palatal injection administered
approximately 15 mm. perpen-
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Prior 1o participating |
_ in this study many of

the dentists believed

. they gave “a painless

injection.”

dicular to the contact point of the
premolars on the palate. It has been
speculated that the WI’s ability to
produce high pressure at a low
flow rate allows the anesthetic to
diffuse through the cortical and
medullary bone to anesthetize a
segment of the anterior middle su-
perior alveolar nerve plexus. This
is another preliminary finding re-
quiring future research.

Conclusion

The discovery of a group of
chemicals with the ability to block
transmission of nerve impulses
dates back to the 1800s. The an-
esthetic cartridge and syringe was
introduced by Cook in 1920. Its
daily use, combined with a high
degree of safety and predictabil-
ity, has lead to a complacency
regarding dental local anesthesia.
In fact, prior to participating in
this study many of the dentists
indicated that they believed they
truly gave “a painless injection.”
It is this attitude that contributes
to the lack of development of
more innovative methods of ad-
ministering local anesthetic.

Fear of dentistry by our pa-
tients is well documented in the
dental literature. In a study that
asked subjects to rank 25 dental
situations from most fearful to
least fearful the image of a den-

tist holding a syringe and needle
ranked as the fourth most fearful
experience. Also well docu-
mented is the fact that up to 14
percent of the U.S. population
totally avoids dentistry because
of fear. Given these facts and per-
ceptions, an instrument represent-
ing a significant improvement in
anesthetic delivery should prove
to be a great benefit to dentistry.

The use of local anesthetics
has been part of the dental arma-
mentarium for more than 75
years. This traditional delivery
system is highly effective and has
proven to be safe. The inclusion
of computer-controlled adminis-
tration offers the benefits of the
past system with new enhance-
ments that were previously
unobtainable. This is the first study
to demonstrate that an optimal flow
rate does exist in the administra-
tion of local anesthetics.ld

References

1. Hamburg HL. Preliminary study of patient
reaction to needle gauge. NYSDJ 1972;
38:425-426.

2. Yaacob HE, Noor GM, Malek SN. The phar-
macological effect of xylocaine topical
anaesthetic: A comparison with a placebo.
Sing Dent J 1981;6(2):55-57.

3. Holst A, Evers H. Experimental studies of
new topical anaesthetics on the oral mu-
cosa. Swed Dent ] 1985;9(5):185-91.

4. Rosivack RG, Koenigsberg SR, Maxwell KC.
An analysis of the effectiveness of two topi-
cal anesthetics. Anesth Prog 1990; 37:290-
292.

5. TaggerE, Tagger M, Sarnet H, Mass E. Peri-
odontal ligament injection in the dog
primary dentition: Spread of local anaes-
thetic solution. Int J Pediatric Dentistry
1994;4(3):159-66.

6. Malamed SF. Handbook of Local Anesthe-
sia. 4th Ed. St. Louis: Mosby; 1997.

7. Rogers KB, Fielding AF, Markiewicz SW.
The effect of warming local anesthetic solu-
tions prior to injection. Gen Dent 1989,
37(6):496-499.

8. Aldous JA. Needle deflection: A factor in
the administration of local anesthetics.
JADA 1977,77:602-604.

9. Persson G, Keskitalo E, Evers H. Clinical
expetriences in oral surgery using a new self-
aspirating sytem. Int ] Oral Surg 1974;
3:428-434.



10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.
23.

Blair GS, Meechan JB. Local anaesthesia in
dental practice: I. A clinical study of a self-
aspirating system. Br Dent ] 1985;159:75-77.
Meechen JG, Blair GS, McCabe JF. Local ana-
esthesia in dental practice: I. A laboratory
investigation of a self-aspirating system. Br
Dent J 1985;159:109-113.

Frazer M. Contributing factors and symp-
toms of stress in dental practice. Br Dent J
1992;173(3):111.

Pattison G, Pattison A. Periodontal Instru-
mentation. Reston VA: Reston Publishing
Co. 1979:151-153,

Ronald Spinello, D.D.S., personal commu-
nication. Sept 1996.

Ibid.

Liljestrand G. The historical development
of local anesthesia. Vol I. International
Encyclopedia of Pharmacology and Thera-
peutics. Local Anesthetics. New York:
Pergamon Press. 1971:Sect. 8.

Dobbs EC. A chronological history of local
anesthesia in dentistry. ] Oral Ther
Pharmacol 1965;1:546-549.

Milgrom P, Weinstein B, Kleinknecht R.
Treating fearful dental patients. Reston
Va:Reston Publishing, 1985.

Malamed SF. Sedation: A guide to patient
management. 3rd Ed. St. Louis, MO: Mosby-
Year Book, Inc. 1995,

Gale EN. Fears of the dental situation. ] Dent
Res 1972;51(4):964-966.

Milgrom P, Weinstein B, Kleinknecht R. Op.
Cit.

Liljestrand G. Op. Cit.

Council on Dental Materials, Instruments,
and Equipment: Addendum to American
National Standards Institute. ADA Specifi-
cation No. 34 for Dental Aspirating Syringes.
JADA 1982;104:69-70.

Dr. Mark Hochman
is clinical assistant
professor, Depark-
ment of Postgrad-
uate Periodontics,
SUNY Stony Brook
School of Dental
Medicine, clinical
attending, Division
of Periodontology, Nassau County Medi-
cal Center, East Meadow, postgraduate
resident, Department of Orthodontics,
NYU College of Dentistry. Dr. Chiarello
is clinical director, General Dentistry
Residency, Nassau County Medical Cen-
ter. Dr. Claudia Hochman is in the private
practice of restorative and cosmetic den-
tistry in Syosset. Dr. Lopatkin is clinical
assistant professor, Department of Post-
graduate Orthodontics, NYU, and in the
private practice of orthodontics in Queens.
Dr. Pergola is clinical ditector, General
Dentistry Residency, Nassau County

C. Hochman

Lorraine S. Mashioff, Lt
Consultant to the Health Professions

Direct Mail/Brochures/Newsletters

Expertise you can
rely on

AR 2R 4

Practicing since 1978

Milton A. Marten, D.D.S.
Associate

¢ ¢ 6

Specializing in
Practice Valuations & Transfers
Sale/Purchase/Management
Equitable Distribution (Divorce)
Arbitration/Damage Loss

IS PLEASED TO ANNOUNCE

the expansion of our
Marketing Division
under the direction of
Stephanie Frey

Advertising /Public Relations/

and now...
Internet Home Pages

420 East 72nd Street, NYC 10021

(212) 794-4491

NYSDJ AUGUST/SEPTEMBER 1997 29



