Pain perception and. ut:hty
A comparison of the syringe and
computerized local injection

techniques

Acceptance of dental treatment
- was facilitated by the hypodermic
syringe and the introduction of
procaine and, subsequently, of -
docaine amide as  anesthetic
agents in the early 20th century.?®
Despite advances in anesthetic de-
vices, agents; and techniques,
complete control of pain and anxi-
ety associated with injections. is
not possible. Studies report that
- 20-23% of the population is high-
ly anxious about dental treat-
ment.?
painful treatment associated with
an injection and regard the nee-
‘dle/syringe with fear.? These indi-

- viduals may delay or avoid dental -

treatment or endure treatment
with great distress. Physical and
psychological stress related to the
injection also may complicate
therapy. Studies of medical emer-
gencies occwrring during dental
treatment indicate that 55% are
due to psychogenic stress or exces-

sive anesthetic uptake by the car-’

diovascular system within five
minutes of the injection.*

Many measures to alleviate
discomfort associated with an in-
jection have been tried. Premed-

ication with sedative-hypnotic/

relaxation drugs (for example, ni-
trous oxide, barbiturates, and tran-
quilizers) is well-documented® A
nurnber of newly introduced anes-
thetic devices indicate profession-
al interest and a receptive market,
Recent devices include a transcu-
tanecus electronic nerve stimula-
tion (EDA, 3M Dental, St. Paul,
MIN; 800/364-3577), a mneedleless
injection system [MadaJet XL,
‘Mada, Ine., Carlstadt, NJ; 800/526-
6370), an intraosseous injection
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Many patients recall

systemn [Stabident, Fairfax Dental
Inc., Miami, FL; 800/233-2305),"
and a cutaneous delivery bicadhe-
sive- pateh (DentiPatch, Noven
Pharmaceuticals, Miami, FL; 888/
55-NOVEN)."

Nevertheless, the traditional sy-

" ringe still is the primary means of
" administering local anesthesia

and, therefore, i3 the focus of at- |
tention. BResearch has shown that -
some wvariations, such as usage of

. minimal gauge needles and pre-

warmed cartridges, are not effec-
tive in reducing discomfort.™
Malamed states that a burning/
painful sensdation during an injec-
tion comes primarily from admin-
istering the anesthetic too rapidly:
or with too much force® The
recommended time to administer
1.8 cc of solution to prevent tissue
damage or serious reaction is a
minimum of 60 seconds. However,
a recent survey reports an averags
injection time of only 20 seconds,”
Injection pressures also™ vary
widely because of the wide wvari-
ance in soft tissue- elasticity.
Palatal injections may require
pressures as high as 660 psi, so
digital control of a syringe may be
difficult, erratic, and uncomfort-
able. A recently introduced com-
puteﬁzcd anesthetic delivery de-
vice, the Wand [Milestone Scien-
tific, Deerfield, IL; 800/862-1125)

- [Fig. 1), is adveri:sed to address

several problems related to injec-
tions by delivering a constant flow
rate regardless of tissue density.
This clinical atudy compared
pahen’c discomfort using both a sy-
ringe and the Wand dehvery 5Ys-,
tem for two common injections, a
maxillary infiltration injection and.
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I )
Fig. 1. Wand unit, foot controller, and
handpiece.

mandibular inferior alveolar nerve
block . injection. Subjective re-
sponses regarding apprehension,
postinjection soreness, and prefer-
ence of delivery systems were
recorded. -

Materials and methods
Thirty patients were selected from
applicants responding to a solicita-
tion for participation. The criteria
. for patient selection were good
health status; not pregnant nor
likely to become so during the
study period; and schedules per-
mitting two clinical appointments
and a follow-up survey. Patients
ranged in age from 23-54 with a
median age of 35; 26 of the 30 sub-
jects were female. At the first ap-
pointment, patients received a
_printed explanation of the study,
Institutional Review Board-
approved consent forms, and med-
ical/dental history forms. The
dentist reviewed -with patients
their medical history and in-
formed them that they would re-
ceive two injections of each type
on one side of the mouth at each
of two separate sessions.. Patients
also were given a brief explana-
tion of the Wand, including the au-
dible signals used by the device.
Patients were randomly as-
signed to one of the two dentists
for all four injections. For the first
session, a table was used to ran-
domly select the side of the
mouth, left or right, to be anes-
thetized and the type of injection,
syringe or Wand, to be used for

Table 1. Summary of responses and data elicited from dentists
and patients. . .

« Patient's discomfort during administration with the syringe and with the
wand (after each injection). )

« Patient’s perception of pestappointment discomfort/soreness with the syringe
and with the Wand. , ;

« Patient’s assessment of apprehension prior to the first injection with the
syringe and with the Wand (recorded at the second appointment).

« Patient’s assessment of apprehension prior to the second injection with the
syringe and with the Wand (via telephone interview 24 hours or more after
second appointment). -

* Patient’s preference for future injection (via telephone interview).

= Operator's perceplion of patient’s apprehension prior to the syringe and prior
to the Wand (after each appointment).

» Qperator's perception of patient’s discomfort during administration with the
syringe and with the Wand (after each appointment). '

« Operator’s perception of ease of use for syringe vs. Wand (after each

appointment).

» Operator’s perception of profoundness of anesthesia for the syringe and for

the Wand (after each appointment).

« Time after injection to soft tissue anest

syringe and for the Wand.

hesia and to pulpal anesthesia for the

the maxillary and mandibular site.

Each patient. received one injec-
tion with the syringe and one
injection with the Wand at each
appointment. The selected maxil-
lary lateral incisor was anes-
thetized with a supraperiosteal in-
filtration injection (maxillary
infiltration). The other injection,
on the same side, was an inferior
alveolar nerve block (mandibular
block). Needle gauge, anesthetic
type, and basic technique were
the same for both injections.

At the second visit, injections
were performed on the opposite
side of the mouth. Injection device
and location were reversed from
the first session so that each patient
ultimately received maxillary infil-
tration and rnandibular block injec-
tions with both the syringe and the

Wand. Since no dental treatment.

was performed, any anxiety was as-
sumed to be due solely to the injec-
tions. The two dentists administer-
ing the injections provided a
subjective evaluation of the pa-
tients' preinjection anxiety and lev-
el of comfort during the injection.
They also rated the ease of use of
each device and their respective
preference for delivery type.

Prior to the injection, vitality of
the maxillary lateral and man-
dibular canine was tested by ap-
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plying a refrigérant spray (Frigi-
Tent, Fllman International, Inc.,
Hewlett, N'Y: 800/835-5355) with a
cotton-tipped applicator to register
a.timed response to the stimulus.
A topical anesthetic (Hurricaine,
Beutlich Pharmaceuticals LF,
Waukegan, IL; B00/238-8542) was
applied for approximately 30 sec-
onds prior-to each injection.

A 30 gauge needle and 3%

" mepivicaine {Carbocaine) without

vasoconstrictor were used for all
injections. Approximately 0.9 mL
of anesthetic was used for maxil-
lary infiltration and 0.9-1.4 mL
for the mandibular block. Timers
were used to register both onset
time and confirmed time of pulpal
anesthesia, Probing was used to
confirm soft tissue anesthesia.
When soft tissue anesthesia was
noted, refrigerant was applied to
the tooth every minute until pul-
pal anesthesia was confirmed. In
the few instances when inade-
quate anesthesia required re-injec-
tHon, the process was re-timed.
Immediately following each in-
jection, the assistant recorded the
patient's discomfort using a linear
verbal response scale [VRS) from 0
[no discomfort) to 10 (severest dis-
comfort conceivable). Immediate-
ly after the appointment, the den-
tist marked a similar 0-10 scale



for both syringe and Wand injec-
tions to record his perception of
the patient's preinjection appre-
hension and discomfort during the
injection. Responses and data
elicited from patient and dentist,
recorded for analysis, are summa-
rized in. Table 1.

A statistical analysis of the con-
sistency of responses to the injec-
fions repeated at successive ap-
Pointments was made, as was a
_comparison of the résponses to the
syringe and the Wand system.
Comparisons were made separate-
ly for the maxillary infiltration
and mandibular block injections
by the paired t-test. The 5% sig-
nificance level was used in the
test. The statistical computation
was performed with the use of
SAS Institute software (Cary, NC;
915/677-8000).

Results

Several categories of inquiry,
such as onset time and profound-
ness of anesthesia, did not show
any differences between the two
devices, Other differences reflect
the anatomical variations between

a maxillary infiltration and a

mandibular block. Detailed statjs-
tical comparisons of the dentists'
perceptions of patient apprehen-
sion and discomfort versus the pa-
tents' ranking of apprehension and
discomfort were not made because

the patients' rankings were .solicit-

- ef in the presence of the dentists.
Data were collected and ana-
Iyzed for the patients’ apprehen-
sion, perception of discomfort,
postoperative soreness for each

tions in successive appointments
was identified when a patient's
scores from one appointment to
the next differed by a value of 2 or

" less. Table 2 shows the number of

consistent responses between
appointments for discomfort dur-
ing injection and postoperative
discomfort. McNemar's Chi-
square test is applied to compare

the consistency of the responses. .

Differences in percentage be-
tween the syringe and the Wand
for injection discomfort are not
statistically significant (p = 0.182)
but they are significant for post-
operative discomfort [p = 0.045),
with mere consistent responses
with Wand injections,

.. The postoperative  discomfort
for mandibular block favoring the
Wand was significant, as shown in
Table 3; the average postoperative
discomfort. scores of mandibular
block injections were 2.17 for the
syringe and 1.00 for the Wand.

Clinicians “ease of use” _ratings

For the first injections given with
the Wand, the clinicians were
learning the technigue, so "no dif-
ference® was reported frequently.
Following the ‘learning curve’
both clinicians routinely -selected
“Better with Wand." The opera-
tor's perception of “ease of use”
for each pair of injections was
recorded in three categories: Sy-
ringe better than Wand, Wand bet-
ter than syringe, and no differ-
ence, The clinician’s "ease of use”
ratings for 60 injections (two for
each patient] were 1 for syringe,

* 45 for Wand, and 14 no difference.

visit for each delivery device, and . -

for maxillary infiltration and
mandibular block injections. Dis-
comfort levels are classified into
four groupings: None (0); minimal
({1-2|; moderate [3-5); and severe
(6-10J. The dentists also rated the
devices for ease of use and pro-
foundness of anesthesia,

Consistency. of responses

Patients’ perception of discomfort
during and after injection was
recorded as a 0-10 score. Strong
agreement of responses to injec-

Patient’s preference
for future injections
Approximately two-thirds of the

patients expressed a preference’
for a particular device for future
Within this

injections (Table 4).
group, the Wand was favored by a
two-to-one ratio. The other pa-
tients stated no preference,

Discussion
The manufacturer especially rec-

- ommends the Wand for dense,

nonresilient tissues (for example,
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palatal mucosa and the periodon-
tal ligament space) because palatal
injections with a syringe are rela-
tively uncomfortable. A previous
study by Hochmann et al showed
a significant preference for the
‘Wand in palatal injections.* They
blindfolded dentist volunteers,
who received palatal injections by
both systems. Using a S-point
scale, the Wand system reduced
the discomfort level 2-3% com-
pared to the syringe. Another ran-
domized, crossover, half-mouth
treatment comparison, using both
superior and inferior alveolar
block injections, reported 80% re-
duction in pain with the Wand
system."

' The supraperiosteal infiltration.
and the inferior alveolar nerve
block injections are the most fre-
quently utilized injections for den-
tal therapy. Improved patient
comfort during these routine injec-
tions would be of broad applica-
tion, so the i infiltration
and mandibular block injections
were selected for study.

Patient response

Preexisting conditioned anzety
about dental injections likely
would affect patients’ ratings of
discomfort. In fact, two patients
in this study registered discomfort
responses of 8 and 9 at both

_appointments,

Krochak and Friedman asked -
patients to record a five-step leveal
of anxiety for sequential stages of
a dental visit: making an appoint-
reent, anesthetic injection, and fi-
nally an “inadequate numbness®
requiring a second injection.
Patients then received a Wand in-
jection before treatment and re-
scored the same questions postop-
eratively. The authors concluded
that lower anxiety scores after ex--
posure to the Wand demonstrated
successful desensitization. In this

-study, patients were not screened

for preexisting anxiety.

Even though this study attempt-
ed to minimize collateral anxiety,
the mean injection discomfort

s were 3.12 for the syringe
and 2.42 for the Wand. Patients
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Table 2. .Consistency of palient responses.

Syringe

Wand McMemar's p

Cases (percentage) (Cases (percentage) Chi-square

Perception of 19 {63.324) 24 (60.0) 1.778 0.1824
discomfort
during injection
Perception of 20 (66.727) 27 {90.0) 4000  0.0455
postoperative '
discomfort
Table 3. Patients’ postoperative perception of discomfort.

' Pasition Syringe Wand difference P value*

" mtean mean SD {2 tails)

During Maxillary -~ 3.10 2.7 093 3.3 0.1131
injection Mandibular  3.13 &7 0.47 275 0.3605
After Maxillary ~ 090 090 000 208  1.0000
injection Mandibular 217 1.00 117 276 0.0276
*Pvalue determined by palred tiest
Table 4. Patients’ preference for future injections. -
Preference stated  Syringe Wand None " Total
MNone | : ) 9
Minimal 0 3 : 3
Moderate 3 5 8
Strong 3 7 10
Total 6 15 9 30

rated 13 (10.8%) of the 120 injec-
tions on the VRS scale from 6-9
{categorized as “severe” discom-
fort) despite the fact that both den-
tists were experienced, diligent,
and patient in administering the in-
jections. Seven of these 13 injec-

tions were maxillary infiltrations

and six involved a mandibular

" block. - ' '
Milgrom reported that more
than 20% of patients have high
dental fears and that women were
almost twice as likely as men to be
affected.* Other studies of exper-
imentally induced pain report
women have a lower threshold for
. pain and rate the stimulus higher
than do men.* -The discomfort
ratings of this study, with a high
percentage of female subjects
(87%), are probably higher than
for a gender-balanced population.
Clinical appointments proceed-
ed without undue incident. Seven
of the 60 mandibular block injec-
tions required re-administration of

anesthetic. Malamed postulates a
success rate for the inferior alveo-
lar block at about 80%, equivalent
in this' study to 12 missed
mandibular blocks? Surprisingly,
two maxillary infiltration_injec-
tions required re-injection of anes-

thetic. There was o correlation

between the need to re-inject and
the device used.

Injection discomfoit )

Other studies have compared dis-
comfort rankings for Wand and
syringe injections. A randomized,
crossover, half-mouth treatment
comparison for scaling and root
planing therapy using both superi-
or and inferior alveolar injections
concluded the Wand to be signifi-
cantly less painful than conven-
tiopal injections.* Using a 10-
point scale with 57 patients
between the ages of 5 and 13 re-
ceiving inferior alveolar blocks,
Asarch réported slightly higher
but statistically equivalent mean
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pain recordings for the Wand."”
Mo differences in pain or anxiety
were reported in another .study .
using buccal infiltration injec-
tions, although monitored heart
rates took longer to return to base-
line with the computerized de-
vice.!*
In this study, the Xappa statisti-
cal protocol verified that patient as-
sessments between the first and
second appointments were in
enough agreement to allow a
ired t-test to compare mean rank-
ings of the Wand and the syringe.
In order to compare one system to
the other, category percentages for
the combined sessions [Tables 5
and 6} and reported means and Fval-
ues (Table 5) are presented. For dis-
comfort with injection [Table 3),
‘the mean discomfort ratings for the
Wand were lower than for the sy-
ringe but the difference was not
significant. However, an examina-

 tion of the mean discomfort rank-

ings (Table 7) indicates a tendency
of the Wand to produce less injec-
tion discomfort. -

The different injection sites
were analyzed separately to deter-
mine if one system was tolerated
better for a respective. site |maxil-
lary vs. mandibular] and type of
injection [(infiltration vs. block).
There was no significant differ-
ence for discomfort/pain between
systems by specific location or
type of injection.

Postoperative discomfort :
It was expected- that the mean
postoperative discomfort for the
mandibular block injection would
be greater than for the maxillary
injection because it requires pro-
tracted jaw opening; penetration
through more dense and nerve
filled tissues; and, frequently, nee-
_dle repositioning. However, a sig-
nificant difference [p < 0.05) in
decreased postoperative discom-
fort between the two systems for
maxillary and mandibular sites
was found only for the mandibular
block using the Wand (Table 3.
The explanation for this differ-
ence between systems is not cer-
' tain. A possible explanation is the



Table 5. Patients’ perception of discomfort during injection:

Syringe vs. Wand.

Syringe Visits 1 & 2
cambined -
. n %
Mone (0) & 10.0
Minimal (1=2) 19 317
Moderate (3-5) 27 45.0
Severe (5-10) a4 133

+ Wand Visits 1 & 2
combined
n %

" Mone (0} 8 150
Minimal (1-2) 27 45.0
Moderate (3=5) 19 31.7
Severe (A=10) 5. 583

Discomfan levol reported using o 10-polnt verbal scale, with 0 indicating no discomfort and 10 Indi-

2ting worst discomfort.

Table 6. Patients’ perception of postoperative discomfort:

Syringe vs. Wand, -

Syringe Visits 1 & 2
combined

: . n %
Mane [0) - 4 567

Minimal (1=2) 7
Moderata (3-5) 15
Severa (6=10) 4

11.7
25.0
6.6

Wand Visits 1 & 2
combined
n %

Mane (0} 40 6h.6

Minimal {1=2) 12 200
Moderate {3-5) 5. B3
Severe (6=10) 3 50 .

Table 7. Patient injection discomfort percentage by category.

Category = . Syringe
Mo pain (0) -10.0
Minimal pain (1-2) 31.7
Maoderate pain {3-5) 45.0
Severe pain (5-10) 13.3

Wand
15.0
45.0
n.z

8.3

Wand's slower delivery rate com-
pared to that frequently observed
for the syringe.
mandibular syringe injection times
were not recorded, both dentists
administered the anesthetic slow-
ly, so injection times for both sys-
- tems were roughly equivalent.

Protocol limitations

Although numerous methodologies
exist to assess pain, it is accepted
that pain is extremely difficult to
quantify. It is problematic to offer
statistical analyses of a patient
population using subjective data
on a paoint scale unique to each in-
dividual. Numbers canfiot really
be quantified {a "4" is not neces-
sarily equivalent to twice the dis-
comfort of a “2°, and a *2" for one
patient may be equivalent-to a “5*
for the next). Nevertheless, medi-
ans and means of the arrays com-
pare relative results for the same
patients in the same experimental
conditions. '

As discussed earlier, past Exp&l'i-l
- ences could have influenced pa-
Although the -

Hents’ ratings. First appointment

injection experience, good or bad,

may have influenced second wvisit
ratings of injections, or postopera-
tive discomfort and knéwledge of

the study's objective could bias pa-

tient judgment of injection discom-
fort. The results showed relative
decrease in anxiety associated with
the second Wand injection. How-

ever, it is not possible from . this -
-study to know whether any differ-

ence in anxiety is due to differ-
ences in pain perception or simply
resolution of anxiety associated
with a new experience. Although
statistics were recorded for esch
visit, the study was not designed to
isolate and analyze possible con-
founding factors between visits.

Operators’ evaluation

of the Wand

The dentists in this study general-
ly preferred the Wand system, as
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Fig. 2. Wand handpia:& {top]
traditional syringe.

an

have others evaluating it.* Of 11
dentists treating 72 patients with
both Wand and syringe, 40% re-
ported equivalent sicéess with the
Wand and 40% reported better
anesthetic success.®  Another
study reported omsst time of lip
tingling to be approximately 30
seconds .earlier when using the
Wand for inferior - alveolar
blocks.™ .

In this study, the dentists and
assistant confirmed some advan-
tages advertised by the manufac-
turer of the device. Its use elimi-
nates sterilization maintenance of
a syringe. The handpiece allows a
precise pen grasp which is easier
to manipulate and which does not
make metallic contact with the
teeth and tissues when positioning
for an injection (Fig. 2). The im-
proved tactile feedback, visibility,
and automated aspiration allow
concentration on needle position-
ing and patient interaction. The
systemn delivers a controlled pres-
sure and volume, minimizing tis-
sue distension, eliminating the
need for heavy finger pressure,
and preventing too-rapid injection.

~-Such control of pressure and posi-

tioning with the syringe is diffi-
cult. The manufacturer claims a
significant advantage to the hand-
piece design in facilitating target-
ing of a foramen. ~

The pen-grasp permits needle
rotation as it penetrates the tissue
to minimize needle deflection re-
sulting from tssue resistance,
This rotation technique used for
the Wand to administer the
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mandibular block was the primary.
difference in the insertion technique
between the two systems. [t
-might be a factor in the slight

. comnfort’ rating difference during
injections and the significantly
lower postoperative “discomfort
rating noted for the Wand,

A recent in vifro simulation us-
ing tissue-like substrates confirms
increased targeting accuracy with a
bi-directional needle rotation.®
However, a clinical study compar-
ing traditional with guided inferi-
or alveolar injections indicated
that needle deflection was not a
factor in the success of the inferi-
or alveolar nerve block injection.®

Although the operators judged
the Wand easier to use, the mod-
el used had a significant disad-
vantage. A prolonged aspiration
cycle (approximately 14 seconds)
befare: anesthetic administration
could commence was undesir-
able. The delay was caused by

the minimal diameter and ex-

"tended length of the handpiece

and tubing connecting the needle
- to the anesthetic cartridge on the
base unit. A redesigned madel

[the Wand Plus) now has an aspi-

ration time of approximately 5
seconds. The original model also
- can be reprogrammed easily to
have this S5-second aspiration
time. While still more prolonged
than the momentary reversal of
pressure on the thumb ring of a
syringe, it no longer is a signifi-
cant problem.
The plastic handpiece has
been redesigned to permit visual
~ confirmation of any blood during
aspiration. The cartridge is not
directly visible to the dentist, so
a checl: of indicator lights on the
unit is needed on the older moed-
els to determine the volume of
drug-delivered. The redesigned
unit adds an audible indicator for
dispensed volume of anesthetic.
A series of repetitive beeps de-
notes-the aspiration cycle while a
slow or rapid beeping tone con-
firms the selected speed of anes-
thetic delivery. These beeps may
alarm the patient unless he or
she is forewarned. Since the

computer is designed to interpret
any cessation or pressure change
on the foot switch as intent to as-
pirate, it automatically reinitiates
that cycle unless the function is
deactivated on the unit. Some
practice is needed to ensure effi-
cient use of the pedal and aspira-
tion cycle. :

Conclusion '

The percentage of injections
ranked as severely uncomfort-
able [10.8% rated a 6 or above on
a 10-point scale] was higher than
anticipated considering the den-

tists’ experience and the protocol

designed to minimize -patient
anxiety.

Mean injecton discomfort rat-”

ings with the Wand were lower
than with the syringe but were
not significantly so. More pa-
tients rated the Wand as com-
pletely and/or minimally uncom-
fortable compared to the syringe
injection. Even among patients
indicating severe discomfort or
pain, a lower percentage gave this
rating for injections received via
the Wand.

Postoperative discomfort for
mandibular block injections was
significantly less using the Wand
system than with the syringe.
There were no differences in post-
operative discomfort for the mazx-
illary infiltration injection.

Approximately two-thirds of
the patients expressed a prefer-
ence for a particular system for fu-
ture injections. Of.this group, the
Wand was favored by a two-to-one
ratio. The remaining patients stat-
ed no preference.

With experience, the dentists
increasingly preferred the Wand
system to the syringe system. The
long aspiration cycle with the
model used in the study was a dis-
advantage but the redesigned aspi-
ration cycle should reduce this
problem considerably.
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