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Objective. The purpose of this prospective,
Jintraligamentary injection of 4%

, MS,® Al Reader, DDS, MS,° Mike Beck, DDS, MA,J-

randomized, double-blind study was to compare the anesthetic éfﬁcacy of the
articaine with 1:100,000 epinephrine and of 2% lidocaine with 1:100,000 epinephrine,

administered with computer-controlled local anesthetic delivery system, in mandibular posterior teeth.

Study design. Using a crossover design,
1.4 mL of 2% lidocaine with 1:100,
delivery system, in a double-blind

appointments to 51 subjects. A pulp tester was used to test for anesthesia, in 2
first and second rnolars and second premolar. Anesthesia was considered su

output) were obtained within 20 minutes. ,
Results. Successful pulpal anesthesia was obtained 86% o
time using the lidocaine solution. There were no significan
The mean onset times of pulpal anesthesia for the first m
lidocaine solution. Duration of
the lidocaine solution.

- Conclusion. The efficacy of 4% articaine with 1:100,000 epinephrine was similar o the

epinephrine for intraligamentary injections.”
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intraligamentary-injections of 1.4 mL of 4% articaine with 1:100,000 epinephrine and of )
,000 epinephrine were randomly administered with a computer-cantrolled local anesthetic -
manner on the mesial and distal aspects of a mandibular first molar, at 2 separate

-minute cycles for 60 minutes, of the mandibular
ccessful when 2 consecutive 80 readings (highest

fhe time for the first molar using the articaine solution and 74% of the,
t differences (P > .05) between the articaine and lidocaine solutions.
olar were 1.3 minutes with articaine solution and 2.2 minutes with'
pulpal anesthesia for the first molar wa 34 minutes for the articaine solution and 31 minutes for

efficacy of 2% lidocaine with 1:100,000

(Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2005;99:361-6)

Articaine has a reputation of providing an improved
local anesthetic effect,” Articaine was approved for use
in the United States in April 2000.% The formulation is

known as Septocaine (Septodont, New Castle, Del) and -

is dvailable as a 4% solution with 1:100,000 epineph-
rine. Articaine is classified as an amide but contains
a thiophene ring instead of the benzene ring of.other
amide local anesthetics.? A second molecular difference
between articaine and other amide local anesthetics is
the éxtra ester linkage incorporated into the articaine

- xnolecule,® which results in hydrolysis of ariicaine by
plasma esterases. Isen’ states that 90% to 95% of -

articaine is metabolized in the blood and only 5% to

'10% is broken down in the liver. The plasma half-life

has béen reported to be as low as 20 minutes. > |
Anumber of studies™* have evaluated articaine-and

concluded that it is safe when used in appropriate doses.
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" Both lidocaine. and. articaine have the same maximuomn
milligram dose of 500 mg (recommended dose of 6.6t0
7 mg/kg) for the adult patient.' Because articaine is
marketed as a 4% solution, the maximum manufac-

‘turer’s recommended dose for a healthy 70 kg adult

would be 7 cartridges of an articaine solution, compared
16 13 cartridges of a 2% lidocaine solution, .
The available literature mdlcatss that arucame is
equaﬂy effective when stamsucally compared to other
Jocal anesthetics. 1520 For example, Melamed et al™®

studied the efficacy of articaine in 3 idenfical random- -

1zed double-blind, multicenter clinical trials. Subjects
ranged in age from 4 to 80 years and were given either
4% articaine with 1:100,000epinephrine 0r2% lidocaine
with 1:100,000 epinephrine during both simple and
complex dental procedures. A total of 1,325 subjects
participated in the study. Articaine’s onset time and
duration were considered comparable to lidocaine.

Malamed et al*® found no statistical difference between °

the 2 anesthetic solutions tested. Therefore, considering
the results of many studies,”'>? articaine has not been

found to be objecuvely supenor o crther Iocal anes-

thetics. .

The mtralxgamentaxy injection (periodontal hgament
injection) allows placement of a Jocal anesthetic solution
into the cancellous bone adjacent to the tooth to be
anesthetized.?! The success of the primary and supple-
mental intraligamentary injection in achieving pulpal an-
esthesia has been reported to be from 18% to 100%.21-38
Traditionally, intraligamentary .injections have been
administered w1th a conventional syringe.or high-
pressure syringe.?® The Wand Plus (CompuDent;
Milestone Scientific, Deerfield, IlI) local anesthesia
- system was developed to deliver a controlled amount of
‘anesthetic solution at a precise and continuous flow

rate,* The Wand Plus has been advocated for infiltration -

injections, nerve block injections, and. mtmhgamentaxy
injections.® Additionally, the Wand Plus is potentially
capable’ of delivering 1.4 mL of anesthetic solution
intraosseously compared to only 0.4 mL with previous
intraligamentary injections, Therefore, there is a pos-

sibility of delivering more anesthetic solufion intra-.

' osseously
The purpose of this prospective, randomized, double-

blind study was to compare the anesthetic efficacy
of the intraligamentary injection of 4% articaine with"

1:100,000 epinephrine and of 2% hdocame with

* 1:100,000 epinephiifié, administered wg;ﬁ computer—
controlled Jocal anesthettc delivery system, in mandib-
ular posterior teeth.

. MATERIAL AND METHODS

Fifty-one adult. subjects pamo1pated in this study.
All subjects were in good health and were not taking

March 2005

any medlcatmh that would alter pain” percépﬁdn, as de~”

‘termined by a wxitten health history and oral question-
‘ing. The Ohio State University Humian Subjects Review
Committee approved the study, and written informed
consent was obtained from each stbject,

Subjects randomly received intraligamentary injec-
tions of articaine and lidocaine solutions af 2 separate
appointments spaced at least 1 week apar, in a double-

. blind crossover design. The 51 subjects réceived intra- E
ligamentary injections of 1.4 mL of 4% articaine (56

mg) with 1:100,000 epinephrine (14 pg) (Septocaine;
Septodont) at ene appointment and 1.4 mlL of 2%
Lidocaine (28 mg) with 1:100,000 epinephrine (14 pg)
(Xylocaine; Dentsply Pharmaceutical, York, Pa) at

the other appointment using the Wand Plus local”

anesthesia system (CompuDent; Milestone Scientific).
With the crossover demgn, there were 102 sets of
intraligamentary injections administered and each sub-

ject served as his or her own control. Twenty-six'sets of - -
" intraligamentary injections were administered on ‘the

right side and 25 sets of intraligamentary injections were
administered on the left side, The same side randomly
" choseri for' the first- m_jecuon was used._again for the
.-second injection. The senior author gave all i injections.
The test teeth were the mandibular first (anesthetized
tooth) and second molars and second premolar. The
,coniralateral mandibular canine was used as the un-

. anesthetized confrol to ensure that the pulp tester was

operating properly and that the subject was responding
appropriately during the experiment. Clinical examina-~

tions indicated that all teeth were free of caries, large
restorations, and periodontal disease, and that none had

a history of tranma or sensitivity.
" At the beginning of each appointment and before any

_injections were given, the experimental teeth and 4

conirol canine were tested 3 times by means of a Kerr

_ 'pulp tester (Analyuc Technology Corp, Redmond,

Wash) to record baseline vitality. After isoldtion, with
cotton rolls and drying with gauze, toothpaste was
applied to the probe tip, which was placed midway
between the gingival margin and the occlusal edge of the
tooth to be tested. The current rate was set on the pulp
tester at 25 seconds to inerease from no outputi (0) to the
maximum output (80). The number at initial sensation
was recorded. Trained personnel who were blinded to

the amesthetic solutions: administered pexfcrmed all

premjecuon and postinjection tests. .

.. Before the experiment, the 2 anesthetl&»sohmons
were randomly assigned 6-digit numbers from a random
number table. The random numbers were assigned to

* a subject to designate which anesthetic solution was

to be administered at each appointment. The cartridges
of anesthetic solutions administered were blinded by

- completely masking the aluminum caps with permanent
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black marker and ‘masking the- appropriate cartridges’

with opague labels whick were labeled with the 6-digit
numbers. The expiration dates on ‘the cartridges were

. checked before they weré masked.. Two blinded car-
tridges of the same anesthetic solution (so the code -

would not have to be broken in the event of a broken or
dropped cartridge) were placed in letter-sized envelopes
labeled with the 6-digit-code. Only the randoi fiuinbers

- were recorded on the data collection shests to further

blind the experiment. ‘ _
The computer-assisted local anesthesia system is

" amicroprocessor-driven device that delivers a controlled

infusion of amesthetic solution. The device accepts

. standard 1.8 mL dental anesthetic glass cartridges. The .
microprocessor monitors and varies the infasion
" pressure while maintaining a constant flow rate. An

electronically driven phmger contacts the rubber
plunger in the cartridge and expels the anesthetic
solution at a precisely regulated rate. Sterile tubing
connects the castridge receptor to a pen-like hand-held
plastic. wand that is attached to a Luer-Lok needle,
together forming a disposable syringe assembly. A small
portion of solution from a standard cartridge is lost
during the purge cycle and somé of the solution femains
in the cartridge and tubing, thus ouly 1.4 mL of
anesthetic solution from a standard cartridge is de-
Livered. Flow rate, initiation and cessation of flow, and
aspiration are controlled with a foot pedal. To prevent
cross-contamination, the handpiece, microtubing and
anesthetic cartridge are designed for single use only. -

One blinded “cartridge was removed from the
envelope, placed into the plastic barrel of the com-
puter-assisted handpiece assembly,-and placed into the
cartridge holder socket with a quarter turn in a counter-
clockwise direction. The cap was removed from ‘the
needle and the foot pedal depressed once to activate the

‘purge cycle to remove air from the plastic tubing and fill

the line with anesthetic solution. ‘

The intraligamentary injection, nsing the Wand Plus,
was administered with a 27-gauge 1/2-inch Luer-Lok
needle (Becton Dickinson, Franklin Lakes, NJ) attached
to the disposable tubing and bandpiece assembly
(Milestone Scientific). The subject was informed that
the injection would take almost 5 minutes and they
would hear chimes during the injection. The subject was
placed in a supine position, The injection was performed

by insérting the needle in the gingival sulcus at the

mesiobuccal line-angle of .the tooth with the needle
directed at an approximatély 30-degree angle to the long

axis of the mandibular first molar in the buccolingual”

plane. The needle was placed into the suleus with the
bevel facing away from the tooth-and toward the

y alveolar bone. The needle was advanced with firm

pressure until it could be advanced no farther. The Wand
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Table I Percentages and number of patients™ who
achieved anesthetic success with the im igamentary
technigue - ‘

Lidocaine

Toorth : " Articaine P value*
 First molar 86% (44/51) - 74% (38/51) 146 -
" Second molar . 84% (43/51) “T4% (38/51) 267
Second premolar 74% (38/51) 61% (31/51) 144 -
SR et o NEN N

*There were no significant differences (2 > .05) when the articaine solntion

was compared to the lidocaine solation.

Plus unit was activated at a slow rate (by partially
depressing the foot pedal) for 8 seconds, and then by
rémoving the foot from the foot pedal the anesthesia
delivery unit was activated on cruise control (continudus

flow of anesthetic solution at the slow rate). Audible

chimes from the machine and indicator lights on the

. front of the umit allowed monitoring of volume of

anesthetic solution- delivered,

Approximately 1 drop of anesthetic solution was
delivered every other second on the slow setting, Once
0.7 mL of the anesthetic solution had been delivered, as

. shown by the indicator lights, the injection was stopped
by lightly tapping the foot pedal once. The time to

administer 0.7 mL of anesthetic solution was approx-
imately 2 minutes and 22 seconds. The author waited 10

 secongds before slowly removing the needle from the

injection-site. This step supposedly allows the anes-
thetic solution to dissipate within the tissue and reduces
the amount of solution dripping from the site before
needle withdrawal. However, in almost a1l cases, some
anesthetic solution escaped upon removal of the needle

' from the sulcus. A pilot stidy determined the améuni io

be approximately 0.05 mil. The infection was then
repeated on the distal aspect of the first molar using the
same technique and sequence of steps listed above. The

"amount of anesthetic solution delivered was 0.7 mL.

For both injection sites, the author had direct vision of
the injéction site to monitor if anesthetic solution was
being expressed from the sulcus. If notable solution -
escaped, depressing the foot pedal briefly stopped the
flow of anesthetic solution and the needle was rotated
with firm apical pressure into the sulciis. If the needle

" deformed, it was replaced with a new 27-gavge 1/2-inch

needle;

.The depth of anesthesia was monitored with the
electric pulp tester. At 1 minute after completion of the
intraligamentary injection,  pnlp. test readings were
obtained foi' the first molar -and contralateral conirol
canihe. At 2 minutes, the second molar and second
premolar were tested. The testing continued in 2-minute .

‘cycles for a period of 60 minutes,

No response from the subject to the maximum out-

put (80 reading) of the pulp tester was used as the -
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Fig 1. Incidence of anesthesia for mandibular first molar as
determined by lack of fesponse to electrical pulp testing at the
maximum setting (percentage of 80 readings), at each
postinjection time intetval, for the 2 anesthetic soluiions.
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Fig 2 Incidence of anesthesia for mandibular second molar
as detertiined by Jack of response to electrical pulp testing at

“the maximum setting (percentage of 80 readings), at each

postmjecuon time interval, for the 2 anestheﬁc solutions.

criterion for pulpal anesthesia. Anesthesia was consid-
ered successful when 2 consecutive no Tesponses at the
80 reading were obtamed within the first 20 minutes of
testing. The onset of pulpal anesthesia was considered
complete when the first of 2 consecutive no responses at
the 80 reading was obtained. Duration of anesthesia was

. calculated using the time of thie last of 2 consecutive no
_responses at the 80 reading.

“The data were analyzed as follows. Between-solution

‘differences in anesthetic success were analyzed using

the McNemar 5, Hlfferences in rigan igan onset and mean
duration Timies “were assessed using the Wilcoxon,
matched-pairs, signed-ranks test. With a nondirectional
dlpha tisk-of .05 and a power of 90%, a sample size of
S1 subjects was required to deronstrate a difference

of 230% in anesthetic success. Compansons were con-
sﬁered significant at P < .05. -
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Fig 3. Incidence. of anesthesia for mand1bu1ar second pre-
molar as determined by lack of response to electrical pulp
testing at the maxiroum setting (percentage of 80 readings), at
each postinjection tite interval, for the 2 anesthietic sofutions.
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Table Il Onset and duration of pulpal anesthesia for

the articaine and hdocame solutions

Tooth .. Arficaine  Lidocaine- - P value.
" Orisep-fmimutes)t ) - o o
First molar (n= 35) 1314 22%27 .008*

3.1:+32 3.1+29 891

Second molar (a=
3.0+2.1 35+38 457

" Second premolar (n 26)

Duration (Mmutes) )
First molar (u=35) 342+ 16.8 306+ 168 .333

Second molar (@a=34) 363 £ 10.2 347* 192 .625
Second premoler (n=26) 28.1 £ 184 253+ 186 647

*There was & mgmﬁca:nt difference (P <.05) when the articaine solution was

. compered to the Hidocaine solntion.

SVE o

TNuwinbeys in parentheses mdicate the number of matched pair teeth used for -
statistical analysis,

RESULTS
Fifty-one adult subjects, 25 men and 26 women from

age 20 to 53 years with an average age of 26 years,
parnmpated T

Anesthetic, snccess of the intraligamentary injection
is presented in Table L There were no significant
differences between the articaine and lidocaine solu-
tions. Incidence of pulpal anesthesia (80 readings) for

-the 2 anesthetic solutions are presented in Figs 1-3.

The onset of pulpal anesthesia is presented in Table IL
There was a sighificant difference between the articaine
and lidocaing solution for the first ‘molar. *

Duration-efpulpal anesthesia isspresented-in Table I,
There were no significant differences between the
articaine and ldocaine solutions.

DlSCUSSlON
The use of no response to the 80 reading (maxzmum

output of the pulp tester) as a criferion for pulpal

PG RLTS
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anesthésia was based on the clinical studies of Dreven
et al* and Certosimo and Archer.”! These studies®*!
showed that no response at the 80 reading ensured pulpal
anesthesia in vital asymptomatic teeth, Additionally,
Certosimo and Archer demonstrated that electric

pulp testing readings less than 80 resulted in pain -

during restorative procedures.

statistically improve anesthetic success of the intra-

ligamentary injection when tompared t0.2% lidocaine

-with 1:100,000 epinephrine (Table T). No other study
has objectively compared articaine to Hdoeaine in
intraligamentary injections, so no comparison to other
studies is possible. However, the literature contains
numerous studies demonstrating an equal anesthetic
effect for articaine and ldocaine.*>%0 The results of
the present study further confirm that articaine is not

" superior to lidocaine in anesthetic efficacy.

The first molar success rate was 86% for the articaine
solutioqi and 74% for the lidocaine solution and was
similar to the results of an experimental intraligamentary

study by White.et al,*" who showed a 79% success rate
in the mandibular first molar. The computer-assisted .

anesthetic delivery system should have been capable of
delivering approximately 1.4 mL of anesthetic solution
via the intraligamentary injection by consistently main-
taining a precise flow rate. Previous studies?>® of in-
traligamentary anesthesia used approximately 0.4 mL
of anesthetic solution delivered 'with a conventional or
higb-pressure” syringe. Therefore, we would expect
higher success rates using the computer-controlled anes-

thetic delivery system. Perhaps, a portion of the anes- -

thétic ‘solution may have leaked imperceptably and
slowly from the gingival sulcus while giving the injec-
tion over the 4 minutes and 45 seconds. Therefore, the
intraligamentary injection was not 100% successful in

‘delivering the anesthetic solution intraosseously, Other
studies®** have shown reinjection increases the success
- rate of the intraligamentary technique. Whether re-

injection with the computer-controlled anesthetic de-
livery system would increase success woirld have to be
studied. .

Anesthesia of adjacent teeth was observed in this
study. (Table ID). Prévious studies®®*>%5 have also found
that adjacent teeth become anesthetized with intea-
ligaimentary injections of a single tooth. Theé current
study and the studies of Schleder et at,>> White et a1,3!

.cn A Childers et al* haye found that the tooth distal fo the
:tooth injected had higher success rates than the mesial

tooth. Because there are differences in success of

anesﬂ_ietiziﬁg adjacent teeth it would be prudent for the
clinician to use intraligamental injections on each tooth-

that requires pulpal anesthesia to maximize the anes-
thetic effect. Our results also reinforce that an intra-
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ligamentary injection cannot:b&~used ‘o selectively
anesthetize a single tooth. '

The mean time of onset of pulpal anesthesia for the
first molar was 1.3 minutes for the articainé solation and
2.2 minutes for the lidocaine solution (Table I). Other
studies”*"*2 have aiso shown fairly quick onset times
‘with the intraligamentary technique. The adjacent teeth
had slower-enset times-and-thi%s would be related torpulp
testing of these teeth at a later time than the first molar,

‘The statistical finding of a faster onset time with the

arficaine solution would not be clinically significant
becanse the difference between the articaine and
lidocaine solution was less than 1 minute. .

The mean time of duration of pulpal anesthesia for the
first molar was 34 minutes for the articaine solution and
31 minutes for the lidocaine solution (Table I). Because
there was no significant difference between the 2
anesthetic solutions, they acted in a similar manmer,
Adjacent teeth showed a similar pattern of duration of
anesthesia as the first molar (Figs 1-3). White et al®
found that the primary intraligamentary injection of 2%
lidocaine with 1:100,000 epinephrine in mandibular first
molars resulted in a rapid decrease in pulpal anesthesia -
within the first 10 minutes. In the current study, pulpal
anesthesia decreased more slowly withi approximately
40% to 50% of the subjects still. anesthetized at 30
minutes (Fig 1). White et al®! used a high-pressure
syringe to deliver 0.4 mL of anesthetic solufion. The
longer duration recorded in the current study is likely
related to the approximately 1.4 mlL volume delivered
with the computer-controlled anesthetic delivery sys-
tem. Therefore, there is an advantage to using the Wand

Plus t0 increasé the duration Gf pulpal anesthégia, ™~~~

However, the clinician must be aware that anesthesia

" does decrease slowly over the hour.

We concluded that the. efficacy of 4% articaine with
1:100,000 epinephrine was similar to the efficacy of 2%
lidocaine with 1:100,000 epinephrine for infraligamer-
tary injections. The stittess rate using the coinputer-

" assisted local anesthesia system for intraligimentary
injections was similar to the success rate reported in
previous experimental - studies with a_high-pressure

syringe. However, the duration of pulpal anesthesia' *
was lorger than reported in previous experimental
studies that used the high-pressure syringe.
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