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Abstract

Introduction: Most dental procedures require local anesthesia. Today, a variety of commercially available anesthetics are used in dental practice. One of the reasons
science is constantly striving to improve these chemicals in terms of their effectiveness and safety is that an ideal local anesthetic has yet to be discovered. Articaine
4% solution is one of the newer amide anesthetics with an ester bond. Its popularity among dentists is growing rapidly, despite the fact that its the effectiveness and
safety in comparison to other anesthetics is still unproven according to some authors. The aim of this paper is to summarize the current knowledge about articaine and
to compare its potency, efficacy, and safety in use. Material and method: Existing works were researched using PubMed as our main source, as well as Web of Science
and Google Scholar. We used the following keywords to search for the effectiveness and potency of articaine: "articaine and (comparative or compare or efficacy or
potency)"; this yielded 145 results from papers published in the last 5 years. For the safety analysis, keywords were: "articaine and (safety or safe or toxic or toxicity or
paresthesia or dysesthesia)", and 75 results were found from publications in the last 10 years. Our research also includes clinical trials and reviews from Google Scholar
that do not have specific keywords and time frames. Results: The efficacy and safety of using 4% articaine are satisfactory, according to the summarized information
from the existing literature. In comparison to other local anesthetics, articaine is a superior anesthetic. Its metabolic and pharmacokinetic properties improve perform-
ance in terms of anesthesia effectiveness, and duration, which is especially important in elderly and medically compromised patients. Conclusion: Articaine is widely
used in surgical and non-surgical dental procedures, as well as in dental surgery, and its use has been extensively researched. Every clinician is free to use articaine
or another local anesthetic, based on their own personal preference and experiences, as well as the most recent updates on articaine safety, potency and efficacy pre-
sented in this review. Key words: articaine, anesthesia, safety, potency, efficacy

AncTtpakT

Bogep;: IlokanHata aHecTesnja e HeofBovBa oA Hajronem 6poj oA cTomMaTonoLukuTe npoLeaypi. Bo AeHelLHo Bpeme nocTojaT ronem 6poj Ha KoMepLjanHo AocTanHu
aHecTeTULM Kou Ce KopucTaT BO fieHTanHata npakca. ®akToT Aeka ceyluTe He e MpoHajaeH WheaneH nokaneH aHecTeTvk, e eaHa O MPUYMHUTE WTO Haykata
MOCTOjaHO Ce 3anara 3a yHanpe/yBatbe Ha OBie XeM1Kanuin BO CMUCIa Ha HUBHA eDUKACHOCT HO 11 6e36eaHOCT BO MCTO BpeMe. ApTUKanHOT Kako 4% pacTBop e eaeH
0[] MOHOBUTE aMUAHW aHECTETULM KOj BO cebe compku 1 ecTepcka Bpcka. HeroBata momymapHocT 3abp3aHo pacTe kaj cTomMaTonosuTe, Wako edukacHocta U
6esbeaHocTa Bo cnopenba co ApyruTe aHECTETULM € CMIOPEf HEKOW aBTOPU CeyLuTe HeflokaxaHa. LienTa Ha TpyaoT e cymupatbe Ha AocerallHuTe Co3HaHMja BO BPCKa
CO apTUKaWHOT 1 HETOBITE KOMNAPATVUBHY aHanuan Bo OAHOC Ha NOTEHTHOCTA, edukacHocTa v beabeaHocTa npu kopuctere. Matepujan u metog: Vctpaxysatbe Ha
nocToeykuTe Tpyaosyu Ha PubMed, kako Hal rnaseH u3sop, Web of Science u Google Scholar. IMpu npebapyBatbe 3a ecukacHocTa 1 NOTEHTHOCTA Ha apTUKAMHOT T
KopucTaeBMme criefHuBe KnyyHu 36oposu: “articaine and (comparative or compare or efficacy or potency)”; WwTo nokaxa BkynHo 145 peaynTati of TpyAoBy objaBeHu
B0 nocnefHuTe 5 roankm. 3a aHanu3a Ha 6e3beaHocTa npu KopucTerse kyyHu 36oposw bea: “articaine and (safety or safe or toxic or toxicity or paresthesia or dyses-
thesia)”, co npoHajaern 75 pesyntati og objasute Bo nocnegHute 10 roguhm. Bo HalweTo ncTpaxyBatbe 3eMeHn e NpeaBua 1 KnuHiku cTyaun of, Google Scholar
6e3 nocebHy Kkny4HI 360poBY 1 BpEMeHcKU pamki. PesynTatu: Criopes cymmpanuTe MHopMaLym of mocToedkata nutepaTtypa, ecdmkacHocTa v 6ebesHocta npu
ynotpebara Ha 4% apTukauH ce Ha 3a0BONNTENHO HUBO. Bo cnopenba co ApyruTe NoKanHy aHECTETULM, apTUKanHOT MOXE [ia Ce CMeTa 3a CynepyopeH aHecTeTUK.
HeroBwte mMeTabonuykm v thapmakokHeTCkM CBOjCTBa jaBaaT nofobpy nephopmaHcyh Bo OAHOC Ha edheKTMBHOCTA U BPEMETPaerEeTo Ha aHecTeaujata 1 ce 0co0eHo
BaXHW Kora CTaHyBa 360p 3a MOCTapy M MEAMLMHCKA KOMMPOMUTMPaHU MaLyeHTH. 3akny4ok: APTUKAUHOT € LUMPOKO KOPUCTEH BO XVPYPLUKW W HEXMPYPLLKM
CTOMATOOLLKN NPOLeAypY, a Herosata ynotpeba e onwnpHO uenuTysaxa. Cexoj knuHyap “Ma npaso Aa 13bepe Aanu [a KOPUCTI apTUkauH UK [pyr nokaneH
aHeCTeTVK, BP3 OCHOBA Ha HEroBUTE NMYHM MpediepeHLM U UCKYCTBa Kako U Ha HajHOBUTE axypupara 3a 6e3dbeaHocta, MokTa 1 ecmkacHocTa Ha apTukanHoT
npeTcTaBeru Bo 0BOj npernes. KnyyHu 360poBu: apTukauH, aHecTeauja, 6e36egHoCT, NOTEHTHOCT, eukacHoCT.

Introduction one of the safest and most effective drugs for the manage-
ment of perioperative and post-operative pain'. Local anes-

Local anesthesia is the foundation of pain management  thetics are one of the most commonly used substances in

in dental procedures. If used properly, local anesthetics are  dentistry. Pain relief makes the patient more comfortable,
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allowing the dentist to concentrate and work more effi-
ciently. The normal sensation returns after a short period of
time? Local anesthetics have been used since 1860, when
cocaine was discovered. The Production of
Lignocaine/Lidocaine significantly improves the local
anesthesia procedure and quickly becomes the gold stan-
dard, against which all other new local anesthetics are
compared'. Etidocaine, Bupivacaine, Mepivacaine,
Articaine and other drugs were later discovered. Rusching
discovered Carticaine in 1969, and the name was changed
to Articaine in 1976 in Germany’. Its use gradually spread
throughout the world. North America and Canada in
19834, the United Kingdom in 1998, and the United States
and Australia in 2000 and 2005. Articaine is the first and
only local anesthetic designed specifically for use in den-
tistry. Articaine is classified as an amide local anesthetic,
but it has chemical properties of both the amide and ester
groups. Wherever it has been made available, it has
become an extremely popular local anesthetic. It was the
second most commonly used local anesthetic in the United
States (after lidocaine) in 2014°. Articaine is used by 70%
of dentists in Australia’. Articaine was used by 97% of
dental professionals in Germany in 20127 Articaine’s use is
rapidly increasing as it becomes one of the world’s most
popular local anesthetics®.

The main benefits of articaine are its pharmacological
properties. Its molecular structure contains an ester group,
making it the only local anesthetic with both amide and
ester groups, allowing the drug to be metabolized by plas-
ma esterase and by microsomal enzymes in the liver.
Numerous studies have been conducted since its discovery
to compare articaine with various anesthetic agents.

Aim

The aim of this paper is to summarize current knowl-
edge about articaine and to compare its potency efficacy,
and safety in use. In everyday practice, summarizing this
information can help you choose a local anesthetic.

Material and methods

To achieve our goal, we reviewed existing papers in
the PubMed medical database, as our main source, as well
as Web of Science, and Google Scholar search which
cover a broader range of publications and provide easier
access to full text documents. For each section of our
research, we used a different search query. To compare the
potency and efficacy of articaine with other local anes-
thetics we used the following search query: “articaine and
(comparative or compare or efficacy or potency)”, which
yielded 145 results, with the only filter applied: “in the

last 5 years”. We searched for “articaine and (safety or
safe or toxic or toxicity or paresthesia or dysesthesia)” to
assess the safety of using articaine in our practice. We dis-
covered 75 paper by, searching for studies published in the
last 10 years. In our research on Google Scholar and other
databases, there was no specific search query or time peri-
od.

Results and discussion
Potency and efficacy of articaine

Local anesthetics relieve pain by interfering with the
propagation of peripheral nerve impulses,thereby
inhibiting the generation and the conduction of action
potentials. When the nerve membrane is at its normal
resting potential, local anesthetics have no effect on it.

Articaine binds to the a-subunit of the sodium chan-
nels, preventing nerve conduction. As a result of the
sodium influx not reaching the threshold potential, nerve
conduction ceases. The action of binding with sodium
channels to block conduction is state dependent, with the
highest affinity for the open state, intermediate for the
inactivated state, and lowest affinity for the resting
state’.

The diameter of the nerve has a significant impact on
the degree of neuronal block. Fibers with larger diame-
ter (usually for pressure, touch, motor) require higher
anesthetic concentrations than small, myelinated fibers
(pain conduction)®.

The efficacy and potency of local anesthetics are
affected by several factors, including fiber type and size,
ion balance, myelination, vasoconstrictor or vasodilator
properties (vascular uptake), pH (lower pH causes
greater ionization, which reduces efficacy), frequency of
nerve stimulation, electrolyte concentration (hypercal-
cemia and hypokalemia can reduce nerve block), and
other factors that are not directly related to the chemical
composition of the anesthetic solution but to the overall
condition of the organism, anatomical and morphologi-
cal properties or the use or non-use of a vasoconstrictor
with the anesthetic solution. Lipid solubility, protein
binding affinity and vasodilator activity are the main fac-
tors that affect the potency and efficacy of local anes-
thetics and are dependent on their chemical structure and
are frequently used to compare different local anesthet-
ics. The lipid solubility of the molecules determines their
ability to penetrate the nerve membranes'.

The potency of local anesthetics is affected by lipid
solubility. Because 90% of the membrane is lipid,
increasing lipid solubility allows the anesthetic to pene-
trate the nerve membrane more easily'. Articaine has a
different chemical structure than all other amide local
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anesthetics.. It is based on thiophene. So, its molecule
contains thiophene ring rather than a benzene ring,
which is a structural component of other anesthetics. As
a result, the molecule is more lipid soluble and can easi-
ly pass through lipid barriers, such as the nerve mem-
brane".

Duration is affected by protein binding. When the
protein binding ability is increased, the cations of the
anesthetic can become more firmly attached to the pro-
teins at the receptor sites, extending the duration of action.
Articaine has remarkable ability to bind proteins.
Vasodilator activity has a significant impact on the poten-
cy and duration of local anesthetics. When vasodilator
activity is high, blood flow to a region increases, anes-
thetic molecules are quickly removed from the injection
site. This is the cause of decreased anesthetic potency and
duration. If both lidocaine and articaine are used without
vasoconstrictor, they would be ineffective and more toxic
because of their vasodilator activity. Adrenaline, a vaso-
constrictor, is added to increase both the duration and
safety.

According to some early studies, the potency of anal-
gesia or relative analgesic potency of articaine is inter-
mediate whencompared to lidocaine'*".

The high efficacy might be one of the main reasons
why articaine became so popular in many countries.
Dentists who use articaine for local anesthesia claim that
they rarely miss with the IANB (inferior alveolar nerve
block), and that maxillary buccal infiltration often is suf-
ficient for extraction of a molar, because of articaine’s
excellent bone penetration properties. Many dentists
from around the world report about the excellent effica-
cy of articaine, based on their clinical practice and expe-
rience. They claim that articaine works better and faster,
that they do not miss as many times and can easily numb
patients when other anesthetics fail'*".

However, the research findings concerning the
reported advantage of 4% articaine over other anesthet-
ics (often compared to 2% lignocaine) appear to be con-
flicting. In a clinical trial, it is difficult to demonstrate
statistically significant superiority (evidence-based med-
icine) of 4% articaine over any other amide local anes-
thetic'®".

The methods used to compare two or more substances,
such as articaine and lidocaine, are a critical issue. To
obtain statistically significant data, we need a sample size
with a sufficient number of subjects. It is possible that
some studies cannot show significant differences because
of this issue. That could be one of the reasons why arti-
caine in several studies is slightly more effective than
lidocaine, but the difference is not statistically significant.

Normally, the next step is to find literature support
for some of these clinical findings. In one study, con-

ducted by Malamed et al. (2001), they compared the effi-
cacy of 2% lidocaine and 4 % articaine with adrenaline
1:100 000'. Articaine was injected in 882 subjects, and
lidocaine in 443. For the determination of the efficacy a
visual analog scale was used (VAS). There were no sig-
nificant differences'®. Similar findings were obtained by
Vehetalo & al.”.

Other studies also compared articaine to different
anesthetics, such as the one conducted by Haas et al®,
who compared articaine with adrenaline 1:200 000 to
prilocaine with same adrenaline concentration. The aim
of their study was to test the claims that labial injection
of articaine is enough to provide anesthesia for mandibu-
lar teeth (pulpal anesthesia) as well as lingual and palatal
soft tissue. The determination was made by measuring
sensation to electrical stimulation at the teeth, lingual
and labial soft tissue for canines and second molars.
There were no statistically significant differences®.

On the other hand, in contrast to previously men-
tioned studies, Ruprecht & al. (1991) demonstrated the
superiority of articaine by comparing equimolar concen-
trations of lidocaine and articaine, demonstrating signif-
icantly longer duration of pulpal anesthesia, regardless
of the vasoconstrictor content’'.

An older study conducted by Winther & Nathalang
(1972) found that articaine was significantly superior to
lidocaine in terms of extent, frequency, and duration of
analgesia®. Concentration of adrenaline is another criti-
cal issue. According to Tofoli & al. (2003), the anesthet-
ic effects gained by 4% articaine with 1:100 000 or
1:200 000 adrenaline used for inferior alveolar nerve
blocks are the same®. As a result, 1:200 000 is the rec-
ommended adrenaline concentration of local anesthetics
for dental procedures (Jacob 1989)*, with the exception
of some other procedures (e.g., surgical interventions)
that require larger degree of hemostasis. In these cases,
according to some authors, the recommended adrenaline
concentration is 1:50 000 (Buckley & al. 1984) or 1:80
000 as used in Scandinavia®. However, 4% articaine and
2% lignocaine both with 1:100 000 adrenaline demon-
strated similar properties when used in surgery and a
good tolerance and safety profile®.

Articaine with adrenaline (1:100 000), used for buc-
cal infiltration of mandibular molars, showed a higher
success rate than lignocaine with same adrenaline con-
centration®?, but failed to anaesthetize teeth with irre-
versible pulpitis®. Comparable efficacy was demonstrat-
ed using 4% articaine with 1:100,000 adrenaline and 2%
lignocaine with 1:100,000 adrenaline for intra-ligamen-
tary injections™. In the attempt to anesthetize mandibu-
lar teeth with irreversible pulpitis using inferior alveolar
nerve block injection, articaine and lidocaine had similar
effects’ .
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Some studies concluded that 4% articaine outperforms
2% lidocaine in terms of latency and duration of the local
anesthetic effect, but did not show significant differences
in anaesthetic efficacy*. Similar results were found when
the success of inferior alveolar nerve blocks were com-
pared. So, in case of inferior alveolar nerve block, arti-
caine and lignocaine performed similarly®. In comparison
to lidocaine infiltration, articaine infiltration produced a
faster onset and longer duration of pulpal anaesthesia®.
Supplemental vestibular (buccal) infiltration with arti-
caine in an attempt to anesthetize mandibular molars with
irreversible pulpitis, was more effective than lignocaine”,
which could be due to a concentration effect or the greater
ability of articaine to diffuse through the bone.When their
efficacy in maxillary buccal infiltrations in patients with
irreversible pulpitis was compared, articaine had a statis-
tically significant advantage over lidocaine®. This high
success of articaine injections may be due to the higher
lipid solubility and more molecules/ml injected when
compared with lignocaine®. When used for periodontal
surgery, 4% articaine mixed with 1:100 000 or 1:200 000
adrenaline provides excellent surgical pain control®.

In a systematic review, articaine was found to be more
effective than lignocaine, in providing local anesthesia in
the first molar region, with similar adverse effects**>. The
conclusion of another meta-analysis study was that arti-
caine had a higher probability of achieving local anaes-
thetic success than lignocaine®, especially for infiltration,
with an odds ratio of 3.81 (95% CI, 2.71-5.36;
P<0.00001), and although weaker, but still significant, for
mandibular block anesthesia, with an odds ratio of 1.57
(95% CI, 1.12-2.21; P =0.009)*.

Clinical trials comparing articaine to other local anes-
thetics have varied in study design and site of action com-
paring articaine with lidocaine in most of the cases, with
lidocaine being known as the current standard for com-
paring all new local anesthetics*. In his report, Cowan
revealed satisfactory clinical properties of articaine, but
also a variable onset time and poor predictability for pro-
found anaesthesia®. Maxillary teeth anesthesia has yield-
ed varying results; articaine may have a significantly
shorter latency and longer duration of anesthesia of the
pulp than lignocaine in posterior teeth36 but not in anteri-
or teeth*. Articaine showed better properties in maxillary
lateral incisors than lidocaine but not in maxillary first
molar”’. There were no significant differences between
articaine and prilocaine in anaesthetic duration and onset
time*, nor in the ability of these local anesthetics to
induce pulpal anesthesia, buccal or palatal tissue anaes-
thesia in maxillary second molars® or canines.

No significant difference was found in the anesthetic
success rate in some trials where articaine and prilocaine
were used for mandibular buccal infiltrations comparing

pulpal, buccal or lingual anesthesia for mandibular
canines or second molars®, or when buccal injections
were compared to buccal and lingual injection of arti-
caine in mandibular first molars. Articaine buccal infil-
trations have significantly higher anaesthetic success
rates than lidocaine in lower first molars®', premolars
and molars and in the mental nerve block for mandibu-
lar premolars, canines and lateral incisors™ .

There were no significant differences in the ability of
articaine and lignocaine to achieve pulpal anaesthesia
when a periodontal ligament injection was used in
mandibular first molars®. If we want to provide a pulpal
anesthesia for mandibular teeth, we usually use the infe-
rior alveolar nerve block, but in 15 to 20% of the cases,
adequate anesthesia is not provided. Lignocaine and
Articaine had comparable success rates when used for
inferior alveolar nerve block™.

An additional buccal injection of articaine adjacent to
a mandibular molar after an inferior alveolar nerve block
has been shown to have a significantly higher success rate
than lidocaine in mandibular posterior* and anterior
teeth®. Some reports concluded that there is no significant
increase of the effect of anesthesia of mandibular teeth
when lignocaine is injected as a supplemental buccal or
lingual infiltration®* or mylohyoid nerve block after an
inferior alveolar nerve block®. In one study, articaine was
used for an inferior alveolar nerve block and buccal infil-
tration, both injections showed similar success rates in
providing pulpal anesthesia for mandibular first molar;
however, the buccal infiltration had a faster latency*.

If articaine is used to extract impacted mandibular
third molars, the period of postoperative anesthesia and
duration of analgetic effects is significantly longer than
when mepivacaine” and lignocaine are used. Articaine
provided comparable duration of postoperative analgesia
to bupivacaine®, but had a significantly shorter duration
and latency of soft tissue anesthesia.

When maxillary teeth must be extracted, palatal
injection may not be necessary if articaine is injected in
a buccal infiltration®, It is possible that most of the
impacted maxillary third molar extractions can be per-
formed without palatal anesthesia if articaine is used as
the anesthetic of choice®. These results back up the find-
ings of Badcock et al.”. They used lignocaine for buccal
and placebo saline for palatal infiltrations in the extrac-
tion of maxillary third molars. The conclusion is that
when lignocaine is infiltrated buccaly, a palatal injection
may not be necessary. On the other hand, when the palatal
diffusion of articaine in the maxillary first premolar and
molar region was evaluated in clinical and magnetic reso-
nance imaging study, there was no evidence of anesthesia
following needle prick stimulation or articaine in the
palatal tissues®™.
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Safety

If we want to put a new local anesthetic on the mar-
ket, it must go through various testing procedures such
as in vitro studies, testing on animals and clinical testing.
Some local anesthetics, such as lidocaine, are well
known and their effects and side effects are documented.
Articaine, on the other hand, is not as old as lidocaine,
although it has been used for 30 years in some European
countries.

The possibility of intravascular injection of local
anesthetic in oral cavity is not so remote because of high
vascularization in this area. The symptoms and signs of
toxicity are commonly associated with the cardiovascu-
lar system and CNS. CNS intoxication causes disorien-
tation, dizziness, anxiety, visual and auditory signs, mus-
cular tremor etc. According to some studies, intravascu-
lar injection of lidocaine causes CNS toxicity more fre-
quently and to a greater extent than articaine®”. Other
concluded that intravascular injection of 80mg 4% arti-
caine (one cartridge) causes no signs of toxicity in
healthy patients, which is confirmed by LD50, 37mg/kg
for articaine and 33.2 mg/kg for lidocaine®®. LD50
denotes lethal dose for 50% of the defined population.

Articaine has very low immunogenic potential. The
frequency of allergic-type reactions is comparable to that
of lidocaine, although there are several factors that alter
the predictability such as age, genetics, frequency, and
route of administration, etc.”

Patients that might be allergic to articaine may also
be allergic to lidocaine or other amide local anesthetics.
In the formulation of articaine, there is a vasoconstrictor
preservative, sodium metabisulphite, which may cause
allergic reactions in patients with sulphite sensitivity,
such as some people with allergic-type asthma'. It is
claimed that both articaine and prilocaine can cause
methemoglobinemia. This type of side effect is very
unlikely, when used in dental practice. No cases of
methemoglobinemia have been reported when anesthet-
ics are used at the recommended dosages®. Earlier for-
mulations of articaine and other local anesthetics con-
tained a bacteriostatic, antifungal and antioxidant preser-
vative for the local anesthetic itself, called methyl-
paraben, which is allergenic. It was part of articaine until
the mid-1990's.

All anaesthetics have the potential to be dangerous,
causing different adverse effects such as symptoms of
dizziness, disorientation, tremors, convulsions, seizures,
and cardiac and respiratory depression™’'. Articaine
might be one of the safer anaesthetics because of its
rapid metabolism into an inactive metabolite, lowering
the risk of systemic complications, even after repeated
injection.

Some early studies on articaine from 100 injections in
211 paediatric patients reported no toxix reactions” and
lower adverse events when compared to lidocaine. Some
studies reported different adverse reactions to articaine
such as ophthalmologic complications, hypersensitivity,
chills and arthralgia, ischemic skin necrosis and fever™™.
Based on four retrospective reports, there is some contro-
versy regarding the safety of using articaine, in non-surgi-
cal dental procedures with an inferior alveolar nerve
block, in which articaine has a higher incidence of paraes-
thesia”*. Articaine is the local anesthetic most common-
ly associated with paraesthesia (34-60%), the majority of
cases involved the lingual nerve (71-93%) and no nerves
in the maxilla were affected”*. Prior to the release of arti-
caine in the United States, similar studies revealed that the
lingual nerve was mostly involved with similar incidence
of involvement (71-83%) and lignocaine as the most
commonly used local anesthetic (67%)**. Some later
studies contradicted these early findings, with lignocaine
still being the most used local anesthetic (35%), than arti-
caine and prilocaine (30% each)®. However, according to
one retrospective study from 2010, 4% solutions of local
anesthetics (articaine and prilocaine) were more associat-
ed with cases of paraesthesia than local anesthetics with a
lower concentration. Only one case of paraesthesia was
linked to a Gow-Gates®, with the rest being linked to an
inferior alveolar nerve block.

Studies that have documented paresthesia after infe-
rior alveolar nerve block included only non-surgical pro-
cedures, except for one, which included one simple den-
tal extraction and another in which 64% of their sample
were cases with unknown procedural details. When the
methodology of data recruitment is not carefully exam-
ined and referral after paresthesia is not compulsory,
then the collected data cannot be considered a represen-
tative sample, because this has the potential for underre-
porting, which certainly exists and can change the distri-
bution and incidence of nerves affected and local anes-
thetic agents used.

Paresthesia as a complication of non-surgical dental
procedures is extremely rare and its mechanism is
unknown; however, there are few theories regarding sus-
ceptibility of the lingual nerve damage: direct needle
trauma, local anesthetic toxicity, intraneural hematoma
formation, and the fascicular pattern®. Incidences of lin-
gual nerve damage caused by mandibular block anesthe-
sia for non-surgical dental procedures have been report-
ed to be between 0.15%" and 0.54%" and gross estima-
tions of the incidence of paresthesia after inferior alveo-
lar nerve block administration for non-surgical proce-
dures range from 1:26,762 to 1:785,000, assuming that
half of all injections involve inferior alveolar nerve
injections”.
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There is only one report in the literature of maxillary
paresthesia after articaine injection, following an extrac-
tion®, and one report of maxillary non-surgical paresthe-
sia, with lignocaine and mepivacaine®. According to the
available literature, it is evident that paresthesia is an
extremely rare occurrence that occurs regardless of the
local anesthetic.

Most of the non-surgical paresthesia cases affect the
lingual nerve after inferior alveolar nerve block.
According to some reports, the concentration of the local
anesthetic is more closely related to complications such
as paresthesia than the anesthetic agent itself”. Although
there have been some in vitro animal studies linking
increased anesthetic concentration and neurotoxicity”,
this still does not explain the preferentially involvement
of the lingual nerve. There is no scientific evidence to
support the claim that articaine is more associated with
paraesthesia than the other anesthetics® and there is
still no clear causal relationship in the literature between
anesthetic agent and paresthesia™.

All of the studies that suggest that using articaine has
an increased risk of neurotoxicity are retrospective and
biased in data recruitment, lack high level evidence and
consequently are unsuitable for strong recommenda-
tions™. In order to prove claims of increased paresthesia,
the current incidence of paresthesia associated with
other anesthetics needs to be clearly established and fur-
ther studies are needed to demonstrate a notable increase
in paresthesia associated with articaine. These claims
should be randomized controlled trials that will con-
tribute to the highest level of evidence, and their design
can maximize control over the environment while pro-
viding convincing causal relationship®. According to
Gaffen and Haas, it would take an unrealistically large
trial to detect statistically significant differences for an
event as rare as nonsurgical paresthesia and in reference
to the current data on randomized controlled trials using
articaine, they advocate that no conclusions regarding
permanent paraesthesia should be drawn from these par-
ticular studies. To date there has only been one random-
ized controlled trial comparing articaine to other local
anesthetics that has reported adverse outcomes. The
comparation of 4% Articaine and 2% Lidocaine for var-
ious types of dental procedures, with respective samples
of 882 and 443, did not offer any association of articaine
with an increased risk of paresthesia. Considering this
evidence, as well as efficacy studies comparing inferior
alveolar nerve blocks of articaine with other local anes-
thetics in sound teeth and teeth with irreversible pulpi-
tis’*, the literature demonstrates that there is neither
clinical advantage nor higher risk of paresthesia when
using articaine instead of lignocaine for inferior alveolar
nerve block. Therefore, there is no scientific evidence

from the current available literature demonstrating that
articaine as a 4% solution is neurotoxic or unsafe to use
in any aspect of clinical dentistry.

Articaine has been widely used in non-surgical den-
tal procedures and dental surgery since aroud 1977, and
its use has been extensively researched. In the clinical
trials, articaine is usually compared with lidocaine. All
these studies have varied in terms of study design and
site of action. There are many controversial data regard-
ing the association of articaine with neurotoxicity like
paresthesia or prolonged numbness after dental proce-
dures. Based on an excellent review of the dental litera-
ture, the authors®, concluded that articaine is a safe and
effective local anesthetic in all aspects of clinical den-
tistry for all patients of various ages, with suitable prop-
erties, comparable to other common local anesthetics.
Although there could be some controversy about its
safety and advantages over other local anesthetics, there
is no convincing evidence demonstrating the connection
with neurotoxicity or some significantly superior anes-
thetic properties of articaine over the other local anes-
thetic drugs for surgical or non-surgical dental proce-
dures. Currently, articaine is available as a 4% solution
containing 1:100,000 or 1:200,000 epinephrine. Although
clinical trials have not found significant advantage of 4%
anesthetic solutions (like articaine) over the other (2%)
local anesthetics100, the number of dental practitioners
who use 4% articaine is growing, and they feel more
comfortable practicing dentistry with this local anesthet-
ic where “chances of failing are lower”. It might be due
to its superior diffusion through bony tissue or grater
bone penetration. Its higher lipid solubility accelerates
diffusion through the nerve membranes, resulting in
faster anesthetic effect. Because articaine is hydrolyzed
into the blood plasma by the action of nonspecific
cholinesterase, it is the preferred anesthetic of choice in
patients with impaired liver function. Its metabolic prod-
uct, articainic acid, is inactive and systemic toxicity has
never been observed.

Conclusion

According to the summarized information from the
existing literature, it can be concluded that the efficacy
and safety of using 4% articaine are at a satisfactory
level. Articaine has superior diffusion through bony tis-
sue (grater bone penetration) and greater lipid solubility
that accelerates diffusion through the nerve membranes,
resulting in faster anesthetic effect. Articaine is
hydrolyzed into the blood plasma by the action of non-
specific cholinesterase and is a preffered anesthetic of
choice in patients with impared liver function. The pres-
ence of an ester group makes articaine much less toxic
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and thus an anesthetic of choice in patients with
advanced age and chronic diseases. Every clinician is
free to use articaine or another local anesthetic, based on
their own personal preference, experiences and data
from this review.
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