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CHAPTER 1
INTRODUCTION
Adequate pain control has been a concern of dentists throughout the dental
profession and of the patients they treat. A revolutionary advancement of the late 1800s
was the discovery of local anesthetics that facilitated pain prevention without the loss of
consciousness. Since that time, a broad spectrum of local anesthetics has been gradually
developing. These developments in pain control have enabled the selection and use of
local anesthetic drugs based on the individual requirements of patients and the type of
procedures (1).
Upon its clinical availability in 1948, lidocaine hydrochloride became the first
marketed amide local anesthetic (1).

At that time, it replaced the ester-type local

anesthetic procaine (Novocain) as the drug of choice for local anesthetics in dentistry.
Lidocaine hydrochloride has maintained its status as the most widely used local
anesthetic in dentistry since its introduction. Proven efficacy, low allergenicity, and
minimal toxicity through clinical use and research have confirmed the value and safety of
this drug. Thus, it became labeled the “gold standard” to which all new local anesthetics
are compared (1). A number of injectable lidocaine hydrochloride formulations have
been approved by the United States Food and Drug Administration (FDA) for dental
applications: two percent without vasoconstrictor, two percent with epinephrine 1:50,000,
and two percent with epinephrine 1:100,000 (2), with the latter as the most commonly
used local anesthetic agent for routine dental procedures in the United States (1).
In 1969, carticaine hydrochloride, with a chemical code name of Hoe 40 045, was
synthesized as the first amide-type drug with a lipophilic thiophene ring and an additional
ester group. Carticaine hydrochloride became available for clinical use in Germany in
1976 (1,3). It was renamed as articaine hydrochloride in 1984 (1). The United States
FDA approved the use of four percent articaine hydrochloride with epinephrine
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1:100,000 in 2000 and with epinephrine 1:200,000 in 2006 (2). Between these two
articaine hydrochloride formulations, the most commonly used in the United States was
reported to be epinephrine 1:100,000 (4).
To date, 21 publications have reported on clinical trials comparing the anesthetic
efficacy of four percent articaine hydrochloride to two percent lidocaine hydrochloride,
both with epinephrine 1:100,000 in dental applications (5-25). The results of these
studies demonstrated a common trend for articaine hydrochloride to outperform the “gold
standard” lidocaine hydrochloride in dental applications. However, statistically speaking,
results were divided with respect to the anesthetic efficacy of the two anesthetic agents.
Overall, ten of these publications (7,8,13,16-22) reported a statistically significant
difference between the two anesthetic agents at some level while ten other studies (5,6,912,14,15,24,25) found no statistical significant difference between the two. One study
did not statistically analyze the results; however, the outcome data followed the trend for
articaine hydrochloride to be somewhat better than lidocaine hydrochloride (23).
Because of the disparity in the results of these clinical trials and because many
studies lacked sufficient subject numbers to independently support a difference of
statistical significance, it is unclear as to the difference between these two anesthetic
agents. Therefore, a combination of comparable studies was planned to lend to a more
powerful statistical comparison. The purpose of this meta-analysis was to quantitatively
synthesize the results from clinical studies comparing the local anesthetic efficacy of
initial administration of four percent articaine hydrochloride with epinephrine 1:100,000
and two percent lidocaine hydrochloride with epinephrine 1:100,000 in dental
applications. These specific formulations (anesthetic and epinephrine) were selected
based on their frequent dental utilization in both clinical and research arenas. The
primary outcome of interest was a comparison of anesthetic success achieved from the
anesthetic agents as defined independently in each study. A secondary approach was to
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assess the anesthetic success at different periods of time, in particular at 30 and 60
minutes following injection.

Null Hypothesis
The null hypothesis was that no statistically significant difference exists between
the anesthetic efficacy of initial administration of two percent lidocaine hydrochloride
and four percent articaine hydrochloride, both with epinephrine 1:100,000 in dental
applications.
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CHAPTER 2
LITERATURE REVIEW
Lidocaine hydrochloride has maintained its status as the most widely used local
dental anesthetic in most countries since its introduction. Proven efficacy combined with
low allergenicity and toxicity over long term clinical use and research have confirmed the
value and safety of this drug (1).
Despite the “gold standard” status of lidocaine hydrochloride, numerous reports
and editorials have awarded articaine hydrochloride a superior reputation primarily based
on the notion that it possesses enhanced anesthetic efficacy. In a standard textbook of
local anesthesia, articaine hydrochloride was described as having potency 1.5 times that
of lidocaine, faster onset and increased success rate with dentists reporting that they
“don’t miss as often” (1).

A review article on articaine hydrochloride clinical

pharmacology reported, “In dentistry, articaine is the drug of choice in the vast majority
of literature” (26). Isen claimed “enhanced action of articaine hydrochloride over other
local anesthetics” based on the molecule having more lipid soluble abilities across the
nerve membrane (27). Many of these claims may have been based on speculation as the
majority of the literature has failed to support these claims.
An editorial response claimed that articaine hydrochloride “has garnered a
majority of the dental market in many of the countries in which it is available” (28).
Another editorial quoted a drug company’s marketing approach, “Articaine has become
the most popular local anesthetic for dentists wherever it has been introduced” (29). In a
survey based in Ontario, Canada, dentists reported articaine hydrochloride use 38 percent
of the time and lidocaine hydrochloride use 26 percent of the time (30). A survey from
Germany included 911 dentists reporting the use of articaine hydrochloride 90 percent of
the time and lidocaine hydrochloride two percent of the time (31). Another survey
representing 541 dentists in Germany indicated routine administration of articaine
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hydrochloride 72 percent of the time and lidocaine hydrochloride 13 percent of the time
(32).
The first clinical trial in dentistry testing the efficacy of articaine hydrochloride
was conducted in Denmark in 1972 by Winther and Nathalang. Comparisons were made
of two percent articaine hydrochloride with and without epinephrine 1:200,000, two
percent lidocaine hydrochloride with and without epinephrine 1:200,000, and other
anesthetic compounds. The results showed that articaine hydrochloride with epinephrine
was significantly superior to lidocaine hydrochloride with epinephrine (and to the other
anesthetic compounds) with respect to “frequency, duration and extent of analgesia” (33).
Muschaweck and Rippel conducted an early investigation of the pharmacology
and toxicology of articaine hydrochloride (0.05 to 0.5 percent solutions) in animal
experiments with lidocaine hydrochloride (0.05 to 0.5 percent solutions) as a comparison.
This investigation found that when compared to lidocaine hydrochloride, articaine
hydrochloride had 1.5 times higher anesthetic activity in conduction anesthesia
infiltration, “markedly superior” efficacy in infiltration anesthesia, equivalent efficacy in
topical anesthesia and similar low toxicity to local tissues (34).
It was not until 1983 that the local anesthetic efficacy of initial administration of
four percent articaine hydrochloride and two percent lidocaine hydrochloride both with
epinephrine 1:100,000 was compared in dental applications by Szabo et al. (17). Based
on anesthetic timelines between the two anesthetic agents, articaine hydrochloride
demonstrated statistically superior anesthetic timeliness as compared to lidocaine
hydrochloride. Results were not reported for percentage of anesthetic success (17).
Reports of articaine hydrochloride’s superiority were mainly founded on the
notion that its thiophene ring bestows enhanced performance. This feature has been
credited with providing increased lipid solubility and protein binding, two properties
theoretically related to increased anesthetic efficacy (1,27). Lipid solubility is an intrinsic
quality of local anesthetic potency. This quality permits the easier penetration of the
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anesthetic through the lipid nerve membrane and surrounding tissues (1). In a clinical
study evaluating this concept, alveolar blood levels were measured post-extraction for
anesthetic concentrations (and their byproducts).

Following the injection of two

milliliters of either four percent articaine hydrochloride or two percent lidocaine
hydrochloride, both with epinephrine 1:100,000, a significant two-fold higher mean of
articaine hydrochloride was observed in alveolar blood. The rationale for this “better
diffusion” following injection was based on the higher descent of concentration derived
from articaine hydrochloride.

Therefore, superior anesthetic diffusion properties of

articaine hydrochloride were not confirmed in the research (35).
The degree of anesthetic molecules binding to the nerve membrane was suggested
to dictate the duration of the anesthetic effect. The more secure a bond is, the slower the
anesthetic is released from the receptor sites in the sodium channels, and the greater
duration is of the anesthetic effect.

As determined by Courtney et al., mere lipid

solubility of a local anesthetic did not determine the action on the ionic channels (36).
Instead, Uihlein et al. determined that binding properties of the local anesthetic agent to
plasma proteins have a greater correlation to action on ionic channels than does lipid
solubility (37).
Different methods have been utilized to determine pulpal anesthetic success.
Bjorn was the first to correlate a negative response to maximum output of electrical pulp
stimulation to painless dental treatment (38). Dreven et al. evaluated the electric pulp
tester as a measure of pulpal anesthesia prior to endodontic treatment in teeth with pulpal
diagnoses of normal, reversible pulpitis and irreversible pulpitis. When no response to
maximum electrical stimulation was obtained, clinical endodontic treatment was initiated.
In teeth with pulpal classification of normal or reversible pulpitis, 100 percent of subjects
achieved complete clinical anesthesia. In subjects with irreversible pulpitis, only 73
percent achieved complete clinical anesthesia (39). Hsiao-Wu et al. investigated the cold
test as a measure of determining pulpal anesthesia prior to endodontic treatment. The
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results of this study confirmed that subjects with a negative response to cold testing are
80 percent less likely to experience pain (more likely to achieve anesthetic success)
during endodontic procedures than subjects with a soft tissue signs of anesthesia alone.
In addition, subjects with pulpitis symptoms were five times more likely to experience
pain compared to asymptomatic teeth (40). Therefore, the findings from all of these
studies supported the utilization of pulp vitality tests to accurately verify pulpal
anesthesia in normal pulps or reversible pulpitis.

However, questions were raised

regarding the reduced validity of these methods in pulps with irreversible pulpitis.
Previous research demonstrated no relationship between soft tissue anesthesia and
pulpal anesthesia. In a clinical study, when soft tissue anesthesia was determined to be
90 to 100 percent successful following inferior alveolar nerve blocks, only 33 to 66
percent pulpal anesthetic success was achieved (41). Thus, studies only containing data
related to soft tissue anesthesia were not included as a significant factor in this metaanalysis due to clinical irrelevance to pulpal anesthesia.
When confronted with a number of outcomes, especially when in disagreement,
Sutton pointed out, “Single evaluations and stand-alone studies add data to the
knowledge base, but are rarely definitive in that they are often context specific and too
small.” (42).

He therefore recommended bringing together the results of previous

research in a systematic way to synthesize a more powerful outcome. This philosophy
was shared by a British epidemiologist, Archie Cochrane, who insisted in seeking the
highest evidence from all randomized controlled trials. His focus led to the development
of the Cochrane Collaboration in 1993 and set the stage for a global initiative to
summarize research in all of health care.

This practice sparked the movement of

Evidence Based Medicine which was defined as the “conscientious, explicit and judicious
use of current best evidence in making decisions about the care of individual patients”
(42).
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Systematic reviews gained popularity in the 1980s as a scientific process to
“identify, critically appraise, include and synthesize relevant research studies”. While a
systematic review is generally developed to include representation, assessment and
interpretation of all relevant research on a topic of interest, a meta-analysis serves to add
to the systematic review a quantitative synthesis of clinical results. The history of metaanalysis evolved from the beginning of the twentieth century when Karl Pearson sought
to analyze conflicting results on clinical studies related to inoculation against typhoid
fever (42). The term meta-analysis was credited to Glass in 1976 (43,44). Meta-analysis
achieved distinction in the 1990s with an outbreak of such publications. As a method to
pool relevant studies together to understand relationships, the power of a meta-analysis
has been characterized by some as the highest order of clinical evidence (42).
The advantages attributed to a meta-analysis include: (a) increased statistical
power and reduced random errors due to a larger number of subjects, (b) enhanced
generalization of results from multiple studies representing broad settings and contexts,
(c) resolution of uncertainty when reports disagree, (d) exploration of variation between
studies for treatment effect assessments, (e) motivation for improvements of future
research, and (f) guidance for future research (42,43,45).
Despite the contributions of meta-analysis, this statistical approach has been the
target of criticism. Much of this criticism identifies the inappropriate use of metaanalysis as a source of weakness. Lack of attention to context and theory and the
improper comparison of studies with different measures of dependent and independent
variables have also been cited as underlying problems. These critical deficiencies were
often fueled by poorly established research protocols with questionable quality and
reporting of original studies (42,45). Critical editorials and skeptical reviews of metaanalyses have been published in both the dental literature (46-48) and in the field of
mathematical statistics (43).
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Nevertheless, when used properly, meta-analysis serves as a respectable approach
to compare previous research. In particular, the results of meta-analysis can be most
beneficial in gaining resolution for conflicting research results.
Comparison of Previous Research
No meta-analyses or systematic reviews in the published literature previously
compared articaine hydrochloride to lidocaine hydrochloride.
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CHAPTER 3
METHODS
Literature Search
The MeSH database, the National Library of Medicine’s controlled vocabulary
indexing system, was used to search terms closely related to this study: carticaine,
articaine, lidocaine, lignocaine, local anesthetics, and dental anesthesia.

It was

concluded that the most appropriate and exhaustive Medical Subject Heading terms for
the purpose of searching PubMed were carticaine and lidocaine.
Using PubMed, the National Library of Medicine’s text-based search and retrieval
system for biomedical literature, a search through January 2008 using the combination of
MeSH terms carticaine and lidocaine produced 76 publications. Since PubMed contains
citations from 1950 to present and the newer of the two drugs (articaine hydrochloride)
was introduced in 1969, this search method theoretically included all studies comparing
the anesthetic drugs of interest. With further limiting to human studies, the 76 articles
were reduced to 64. Abstracts and/or manuscripts were obtained and analyzed for these
64 studies.
Criteria for Inclusion
Studies were considered relevant to this meta-analysis if they included specific
characteristics. First, the studies determined a relationship between initial administration
of four percent articaine hydrochloride and two percent lidocaine hydrochloride both
containing epinephrine 1:100,000 with respect to clinical, local anesthetic efficacy in
dentistry. Second, studies were randomized clinical trials in humans. Third, some
measure of anesthetic success was clearly defined and reported.
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Process of Exclusion
Starting with the 64 identified articles, the first group of exclusions included
nineteen studies based on non-dental topics (49-67). Of the remaining 45 dental-related
articles, ten were either review or editorial publications and therefore excluded (28,29,6875). A total of 14 articles could be eliminated because they reported local anesthesia
topics other than efficacy such as allergic reactions (76-78), tissue reactions (79), anxiety
(80), injection pain (81,82), systemic factors (35,83-86), complications (87), or nerve
injury (88). One study only evaluated the efficacy of articaine hydrochloride and did not
include lidocaine hydrochloride (89). Four studies evaluated both anesthetic agents, but
the specified concentrations of one or both agents were not tested (90-93). At this point,
the remaining 16 articles were all clinical trials comparing the specific anesthetic agents
of interest in dental applications.

Supplemental anesthesia, with only lidocaine

hydrochloride given initially, was reported in one publication. Since no comparison of
initial anesthetic administration was made, this study was excluded (24).

Further

exclusions included two studies comparing the anesthetic agents of interest; however,
randomization was not reported in one (23), and the methodology and results were
unclear in another (20). Another publication was excluded because it reported data
included in a previously included publication (25). Following this level of exclusion, 12
original articles remained of human randomized clinical studies evaluating the dental
anesthetic efficacy of both four percent articaine hydrochloride and two percent lidocaine
hydrochloride, both with epinephrine 1:100,000 as initial local anesthetics (5-16).
To exhaust the search for publications fulfilling the criteria stated above, crosscitations of the twelve included studies were explored. Six new articles, unidentified in
the computer search, were identified (17-19,21,22,94). One publication was a review
article on the chemistry and systemic factors related to local anesthesia in pediatric dental
patients (94). The following five articles were clinical trials comparing the anesthetic
agents of interest in dentistry. However, exclusions were made on the basis of unclear
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data to determine if randomization was implemented (22) and a subset of data included in
a previous publication (21). There were three related articles by Szabo et al. (17-19) that
matched a previously identified publication by the same authors in the initial PubMed
search (16). The 1983 (17) and 1985 (18) publications reported different aspects based
on the same clinical study and subjects. The 1987 (19) and 1988 (16) Szabo et al.
publications were exact duplications published in different journals, and they appeared to
contain the combination of the 1983 (17) and 1985 (18) material.

The 1988 (16)

publication was selected for inclusion as having the most complete information. Thus, 12
total trials (5-16) were candidates for this meta-analysis based on the above criteria.
Considering the extent of this search, one could be relatively confident that this search
covered necessary ground for location and inclusion of all relevant publications. The
final step in determining inclusion was the availability of sufficient information for
analytic evaluation.
Securing of Unpublished Data and Final Inclusion Criteria
For four of the 12 studies, it was necessary to seek supplemental data in order to
include these studies in the proposed meta-analytic comparisons (7,10,12,16).

The

shortcomings of these four studies pertained to the lack of information relating to
absolute determination of anesthetic success and failure in subjects. In particular, the
information necessary for this meta-analysis included the number of experimental
applications with absolute anesthetic success and absolute anesthetic failure with
percentage calculations and p-values. The results of three of the studies reported timeline
comparisons of anesthetic onset and duration only.

There were no outcome data

available to calculate a percentage of anesthetic success and failure (7,12,16). Another
study only reported the mean, median and range of visual analog scale scores for each
anesthetic agent given. Thus, the results failed to define or report anesthetic success in
terms of subjects that were pain-free (10). Although not reported, the data supplemental
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necessary for this meta-analysis would most likely have been recorded during the course
of each study. Reasonable effort was made to contact the authors of these four studies in
order to obtain the necessary supplemental information. Adequate unpublished data were
successfully obtained from Costa et al. (7) and Oliveira et al. (12) as shown in Table 3.1
and Table 3.2. Therefore, ten studies could be included in this meta-analysis (5-9,11-15).
Data Abstraction Framework
One abstraction form was designed and served as a unified framework to record
the research design parameters including information pertaining to the quality of the
study.

Outcome measures were allotted space for both categorical and quantitative

results. (Figure 3.1)
Pilot Study
A pilot study was conducted to observe agreement between two independent
researchers and to test the completeness of the abstraction form. For three randomly
selected articles, two observers independently abstracted data using the form, and a thirdparty statistician served to arbitrate the reports. Any disagreements were resolved, and
minor adjustments were made to the abstraction form.
Data Abstraction
Following the pilot study and confirmation of complete observer agreement, the
two independent researchers abstracted data from each study using the revised abstraction
form. Again, a third party statistician served to arbitrate any disagreement among the
abstracted data. Once 100 percent observer agreement was achieved, data were prepared
for analysis.
Quality Assessment
The Cochrane Collaboration (45) advised that the determination and reduction of
bias be the major approach in the assessment of quality. Within this meta-analysis,
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quality measures were designed to reduce bias. A reliable search engine thoroughly
searched for all relevant published articles. The references of the included articles were
additionally cross-checked to locate additional relevant studies. Efforts were made to
locate unpublished, yet inclusion-worthy, research. However, unpublished studies were
not located. Since all included studies for this meta-analysis were published, publication
bias was considered a risk and was assessed via graphical methods (funnel plots) (42).
Publication bias has been defined as the trend of published studies to typically have
significant/positive results where unfavorable results tend to go unpublished. Language
bias was eliminated by consideration of all relevant publications regardless of the
publication language (42,45).
Attention was paid to the quality of the methodology and statistical techniques
implemented. Markers of quality were recorded on the abstraction form. When possible,
authors were contacted to clarify any questions about their publications and to obtain
unpublished data. Selection bias was assumed to be eliminated since randomization of
anesthetic used was required. Performance bias was also assumed to be eliminated by the
masking and calibration of subjects, operators and evaluators while detection bias was
eliminated in studies where statisticians were masked. Analysis appropriateness was
recorded. Funding bias was also assessed.
For the abstractions, two independent evaluators and a third-party served to
arbitrate until complete agreement was reached. Data for meta-analytic comparisons
were obtained from the arbitrated abstracted data.
Heterogeneity Assessment
Initial assessments evaluated heterogeneity in terms of study design, statistical
methodology, and study quality, including specific outcomes measured, tooth selection,
and route of injection.

Such inconsistencies required detailed attention so that the

comparisons and conclusions within this meta-analysis appropriately reflected the
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original content and context of each study. Other considerations included timeline,
geography and language.
Where possible, formal statistical evaluation of heterogeneity was performed.
The results of these assessments dictated the statistical model chosen for estimation of
subsets of available study results. The importance of determining the source of variation
between studies in a meta-analysis was discussed by Sutton (42). This emphasis was
founded on the inherent effect size variation (sampling error) present between every
study and the possibility of systematic differences between studies. Obviously, previous
trials seeking to address the same problem were not identical in methodology, analysis,
and outcome. If previous trials were similar such that sampling error alone contributed to
effect size variations, the effect estimates would signify homogeneity, and a fixed effects
statistical model would be indicated. When more than sampling error alone attributes to
effect size variation, the effect estimates would indicate heterogeneity and a random
effect model would be advocated. A few ways in which trials differ that may result in
heterogeneity include: differences in inclusion and exclusion criteria, differences in
outcome measures, and variation in analysis and the quality of the design (42).
Combination of Probabilities from Tests of Significance
Fisher’s method for combination of probabilities from tests of significance allows
for the combination of outcomes from multiple tests seeking the similar significance of a
particular hypothesis, based upon outcomes derived from independent tests of
significance, e.g., from independent, unrelated studies. This approach serves to analyze a
series of studies in order to determine whether the aggregate evidence implies a
significant result (95).
m

The Fisher method utilizes a chi-squared test statistic, χ 22m = −2∑ ln( Pi ) , where
i =1

m is the number of studies and Pi is the significance probability of the i-th study (95).
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The test statistic is distributed as a chi-square random variable with 2m degrees of
freedom, and the p-value associated with the test of the null hypothesis based on the
results from the m studies is the probability that such a chi-square random variable
exceeds the observed value of the test statistic (95).
Although this early method was described in 1954 (95); the flexibility of this
method has been described as “attractive” in modern research in 1998 (96) and in 2001
(97).

Current recognition noted benefits of optimized study-specific analysis, less

compromised statistical decisions for a “one size fits all” approach, analysis of combined
evidence from any study and statistical design, and the possibility of meta-analysis when
the raw data are not completely available (96,97). Disadvantages include inference based
on a simple approach which does not allow for estimation of effect sizes based upon the
combined reports nor for specific conclusions about the amount of variance and the
confidence interval (95).
Use of this technique as a worst-case meta-analysis was explained by Allison and
Heo (96). Their approach included the extraction from each study of a single p-value
with negative evidence of an association. The result was an “optimistic” product.
This methodology was relevant because of the variation in study design and
statistical methods utilized, particularly for evaluation of the outcome of “anesthetic
success,” and because of the reports of results for multiple teeth in several studies.
Cochran’s Q Statistic
In some cases, it is possible to use modern meta-analysis methods that will permit
additional comparisons. A more modern statistical approach is a common test statistic
k

known as Cochran’s Q statistic (98), Q =

∑ w (T
i =1

i

i

− T .) 2 , where k was the number of

studies being compared, Ti was the treatment effect estimate in the i-th study,
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∑wT
T.=
∑w
i

i

is the weighted estimator of treatment effect, and wi is the weight attached

i

i

to that study in the meta-analysis. Specifically, wi =

1
. Once the Q statistic
Variance(Ti )

value was calculated, it was compared to the chi-squared distribution of k-1 degrees of
freedom.

From statistical tables, the p-value was obtained to assess evidence of

heterogeneity (42).
Once it was concluded that heterogeneity existed between the studies, the
standard random effects (weighted variance) model was used (99).
Heterogeneity was also evaluated graphically. Forest plots depicted individual
effect sizes and not combined effect.
Fixed Effects Model
The fixed effects model is used for dichotomous quantitative methods and
assumes no heterogeneity between study results.

Thus, the studies are assumed to

estimate a single true underlying effect (42). When using raw data, two-by-two tables are
used to summarize the data. From these tables and the fixed effects model, it is possible
to calculate an overall pooled relative risk. The pooled estimate of the treatment effect of
k
wT
1
∑
i −1 i i
interest is given by T . =
, where wi = , and vi is the variance of Ti. The
k
vi
∑ wi
i =1

variance of the pooled estimate under the fixed effects model is Variance(T .) =

1
k

∑w
i −1

i

and is estimated by substituting the estimated variances for the vi. The estimated standard
error of the pooled estimate, S .E.(T .) , is the square root of the estimated variance. The
95 percent confidence interval for the estimate of the true parameter of interest θ is given
by: T . ± 1.96S .E.(T .) . It is possible to make similar calculations for continuous or for
categorical outcome data (42).
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Random Effects Model
The random effects model is used when heterogeneity is present both among and
between studies. This approach is more conservative since it assumes the studies are
estimating different effect sizes. The results lead to wider confidence intervals than those
in fixed effects models in order to account for this variation. Following the method of
DerSimonian and Laird (99), we define Ti, wi and k as before. We further define
⎛ k
⎞
2
⎜ ∑ wi
⎟
k
i
=
1
⎜
⎟ . The estimated component of variance due to inter-study
U = ∑ wi −
k
⎜
i =1
wi ⎟⎟
∑
⎜
i =1
⎝
⎠
variation in effect size, τˆ 2 , is calculated as τˆ 2 = max[0, {Q − (k − 1)}/ U ], , where Q is the
heterogeneity test statistic defined above. Adjusted weights wi* for each of the studies
1
may now be calculated as wi* =
. The pooled estimate of the treatment effect
(1 / wi ) + τˆ 2
k

k

i =1

i =1

is T . REM = ∑ wi*Ti / ∑ wi* . The variance of this estimate under the random effects model
is Variance(T . REM ) =

1

k

∑ wi*

. The estimated standard error of the pooled estimate,

i =1

S .E.(T . REM ) , is the square root of the estimated variance. The 95 percent confidence

interval for the estimate of the true parameter of interest, τˆ 2 , is given by
T . REM ± 1.96S .E.(T . REM ) . The random effects modeling approach can also be applied to

both quantitative and categorical outcomes (99).
Difference in the Proportion of Experimental
Administrations Achieving Anesthetic Success in
Independent Samples Studies
In those three studies where subjects were randomized to articaine hydrochloride
versus lidocaine hydrochloride, data may be represented in a two-by-two table as
indicated in Table 3.3.

19

For any given study, the proportion of anesthetic success in the articaine
hydrochloride and lidocaine hydrochloride groups are estimated by the observed
a
c
and pˆ Lido =
. The
proportions, which are given respectively by pˆ Art =
n Art
n Lido
treatment effect of interest is the difference between the proportions, which has an
pˆ (1 − pˆ Art ) pˆ Lid (1 − pˆ Lido )
+
. The
estimated variance given by Variance( pˆ Art − pˆ Lido ) = Art
n Art
n Lido
estimated standard error, S .E.( pˆ Art − pˆ Lido ) , is the square root of this quantity. The 95
percent confidence interval for the difference in proportions is given by
pˆ Art − pˆ Lido ± 1.96S .E.( pˆ Art − p̂ Lido ) , (100).

Difference in the Proportion of Experimental
Administrations Achieving Anesthetic Success in CrossOver Studies
In those seven studies where a subject received both articaine hydrochloride and
lidocaine hydrochloride administrations, these paired data may be represented in a twoby-two table as indicated in Table 3.4.
For any given study, the proportion of anesthetic success in the articaine
hydrochloride and lidocaine hydrochloride groups are estimated by the observed
A+C
A+ B
and pˆ Lido =
. The
proportions, which are given respectively by pˆ Art =
N
N
B-C
treatment effect of interest is the difference between the proportions, pˆ Art − pˆ Lido =
N
N (B + C) − (B − C) 2
.
which has an estimated variance given by Variance( pˆ Art − pˆ Lido ) =
N3

The estimated standard error, S .E.( pˆ Art − pˆ Lido ) is the square root of this quantity. The
95 percent confidence interval for the difference in proportions is given by
1⎤
⎡
pˆ Art − pˆ Lido ± ⎢1.96S .E.( pˆ Art − pˆ Lido ) + ⎥ , (100).
N⎦
⎣
For cross-over studies where all cell counts were not explicitly given, they were
inferred from the relationship based on McNemar’s test. The difference (B-C) was

20

derivable from the stated proportions, and the chi-square value was inferred where not
stated from the significance probability. The value of the chi-square test statistic was set
equal to the quantity (B-C)/(B+C) from the McNemar formula, and solved algebraically
for B and C, given the (B-C) value obtained from the data. Back-calculation of the
significance probabilities using the inferred cell counts was used to verify the derivations.
Whether either quantity B or C was equal to zero, we have followed the convention of
adding 0.5 to each quantity.
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Table 3.1: Unpublished data obtained from Costa et al.
4% articaine hydrochloride
with epinephrine 1:100,000

2% lidocaine hydrochloride
with epinephrine 1:100,000

Pulpal Anesthetic Onset*

1.475

2.76

Pulpal Anesthetic Duration*

66.31

39.25

Percentage of overall
anesthetic success**

100

100

10 minutes

100

100

20 minutes

100

95

30 minutes

100

95

40 minutes

90

40

50 minutes

85

20

60 minutes

60

15

70 minutes

45

5

80 minutes

25

0

90 minutes

10

0

100 minutes

0

0

Percentage of
pulpal
anesthetic
success at
various
times**

*

minutes

**

defined as no response from the subject at the maximum output of the EPT (80 reading)
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Table 3.2: Unpublished data obtained from Oliveira et al.
4% articaine hydrochloride
with epinephrine 1:100,000

2% lidocaine hydrochloride
with epinephrine 1:100,000

Pulpal Anesthetic Onset *

2.4 ± 2.7

2.3 ± 1.5

Pulpal Anesthetic Duration*

64.2 ± 21.5

57.7 ± 21.0

Percentage of overall
anesthetic success**

100

100

10 minutes

100

100

20 minutes

95

100

30 minutes

95

90

40 minutes

90

75

50 minutes

75

45

60 minutes

60

35

70 minutes

35

15

80 minutes

15

15

90 minutes

5

5

100 minutes

5

5

110 minutes

5

0

120 minutes

0

0

Percentage of
pulpal
anesthetic
success at
various
times**

*

minutes

**

defined as no response from the subject at the maximum output of the EPT (80 reading)
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Table 3.3: Two-by-two table for independent samples studies

Articaine
Hydrochloride
Lidocaine
Hydrochloride

Anesthetic
Success

Anesthetic
Failure

a

b

a + b = n Art

c

d

c + d = nLido
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Table 3.4: Two-by-two table for cross-over studies
Lidocaine
Hydrochloride

Articaine
Hydrochloride

Anesthetic
Success
Anesthetic
Failure

Anesthetic
Success

Anesthetic
Failure

A

B

C

D

N=number of pairs
N=number of subjects
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Figure 3.1: Abstraction Form
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Figure 3.1: Continued
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Figure 3.1: Continued
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Figure 3.1: Continued
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Figure 3.1: Continued
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CHAPTER 4
RESULTS
Heterogeneity Among Included Studies
Examination of the ten included randomized clinical trials studies identified
heterogeneity in several aspects of each study design. Differences included a variety of
factors relating to methodology and quality including different measures of dependent
and independent variables. These inconsistencies are demonstrated in Tables 4.1 through
4.20.
Timeline, Geography and Language
Although lidocaine hydrochloride was introduced in 1948, it was not until 1969
when articaine hydrochloride became synthesized. The first clinical trial in dentistry of
articaine hydrochloride was published in 1972, yet the anesthetic formulations compared
were not the specific concentrations targeted in this meta-analysis (33). The ten studies
included in this meta-analysis were published between 1991 and 2007. Thus, thus a 16year timeline (1991 to 2007) was under review in this meta-analysis. (Table 4.1)
Geographic locations of these studies varied due to limitations of drug
availability. Earlier studies were centered in Europe where articaine hydrochloride was
first available.

With time and increased national approval, a wider geographical

distribution of studies was conducted: four studies in the European countries of United
Kingdom, Germany and Spain; four studies in the United States; and two studies in
Brazil. This geographic distribution represented a number of target populations and
treatment modalities. Articles were published in German and English. For completeness,
there were no exclusions in this study on the basis of language of publication. (Table 4.1)
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Methodology
Operators and evaluators ranged from a single unified operator/evaluator to a
number of operators and evaluators. Training and testing for interpreter agreement were
inconsistently reported. Masking was typically reported as “double-blind”; however,
some studies failed to specifically distinguish this for subjects, operators, evaluators, and
statisticians. Additionally, statistical methods were not consistently reported.
Randomization included both cross-over (matched pairs) and independent
samples study designs. Cross-over study designs were defined as those studies where
subjects received two experimental administrations, one with articaine hydrochloride and
one with lidocaine hydrochloride.
(5,7,8,11-14).

There were seven included studies of this type

Independent samples study designs were defined as those with each

subject randomized to either the experimental group receiving articaine hydrochloride or
the group receiving lidocaine hydrochloride. Three of the included studies were of this
study design type (6,9,15). (Table 4.2)
According to Ulrich’s Periodicals Directory (101), the journals of two studies
(9,14) could not be verified as originating from peer-reviewed publications.

The

remaining eight studies (5-8,11-13,15) were published in peer-reviewed journals. (Table
4.3)
Studies included different numbers of articaine hydrochloride and lidocaine
hydrochloride experimental groups.

The smallest number of experimental groups

included ten subjects which were cross-over in design (14) while Khoury et al. (9)
included the largest groups with 408 subjects receiving articaine hydrochloride and 363
subjects receiving lidocaine hydrochloride in an independent samples study design.
(Table 4.4)
Regarding age and gender, heterogeneity was identified. Both male and female
subjects appeared to be represented somewhat similarly with the exception of one study
comprised of only ten male subjects and no female subjects (14) and one study that did
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not report the number of male and female subjects (9). The remainder of the studies
reported the inclusion and number of both male and female subjects. Because gender
type and number were not reported for both experimental groups in every study, it was
impossible to statistically evaluate gender as a potential source of bias. (Table 4.5)
In all ten included studies, all subjects were 18 years of age and older with an age
range from 18 to 60 years. Because the data for age were not consistently reported for
each study group, there was insufficient information to statistically analyze the
differences of ages between anesthetic groups. (Table 4.6)
Various dosages of the local anesthetic agents were utilized. In nine of ten
studies, the volumes of anesthetic agents administered were equivalent between intrastudy groups (5-8,11-15); however, only three of these studies (7,8,11) reported
equivalent inter-study volumes of 1.8 milliliter (36 milligrams lidocaine hydrochloride or
72 milligrams articaine hydrochloride with 0.018 milligrams epinephrine) per
experimental administration. The other ranges were from 0.5 to 3.6 milliliters (20-144
milligrams articaine hydrochloride or 10-72 milligrams lidocaine hydrochloride with
0.005 to 0.036 milligrams epinephrine). One single study did not establish equivalent
intra-study doses for each experimental administration (9). Instead, anesthetic volumes
were set based on the procedure. For example, Khoury et al. established a set volume
ranging from 0.8 to 5.0 milliliters (32 to 200 milligrams articaine hydrochloride or 16 to
100 milligrams lidocaine hydrochloride with 0.008 to 0.05 milligrams epinephrine) to be
experimentally administered depending on randomized procedures performed (9).
Considering all ten studies, the anesthetic volumes ranged from 0.5 to 5.0 milliliters for
both experimental anesthetic groups (20 to 200 milligrams articaine hydrochloride or 10
to 100 milligrams lidocaine hydrochloride with 0.005 to 0.05 milligrams epinephrine).
(Table 4.7)
The methodology for tooth selection for anesthetic evaluation varied greatly.
Depending on the study, either one tooth or many teeth were evaluated per experimental
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administration. Typically in the included studies, one tooth was targeted for a primary
evaluation, and adjacent teeth may have been included for an alternative comparison.
Four studies selected a single and specific type of tooth for which results were reported
(8,12,14,15). Five studies focused on one arch or region of teeth for which results
potentially reflected a number of teeth (5-7,11,13). A single study set no limitations to
teeth evaluated which opened the possibility for inclusion of any type of tooth (9). Six
studies included only mandibular teeth (5,6,8,11,13,15); three exclusively included
maxillary teeth (7,12,14); and one combined arches (9). Available outcome data for
specific tooth types included: central incisors (11,14); lateral incisors (11); canines (12);
first premolars (11,13); second premolars (5,11,13); first molars (5,8,11,13); second
molars (5,11,13); and third molars (15). For the overall meta-analytic results, only the
data for one tooth per experimental administration were included. This single tooth was
either inherently selected in the study design of the clinical trial, or in the three studies
where outcomes were reported individually for multiple teeth (5,11,13), the first molar
was selected. The rationale for selecting the first molar was based on it being the most
commonly selected tooth in the included studies, the most commonly treated tooth in an
endodontic database (102), and the possibility of it being more difficult to anesthetize as
compared to other tooth types. (Tables 4.8, 4.9 and 4.10)
Various routes of injections were studied including the periodontal ligament
infiltration, inferior alveolar nerve block, buccal infiltration, palatal infiltration, a
combination of these techniques and possibly others. The study of Khoury et al. (9)
included a variety of unspecified injection techniques. The remainder of studies specified
particular injection techniques. Berlin et al. (5) were the only researchers to exclusively
utilize the periodontal ligament injection technique.

Two of ten studies (6,11)

exclusively tested the inferior alveolar nerve block while the study of Sierra Rebolledo et
al. combined the inferior alveolar nerve block with a mandibular buccal infiltration (15).
A study may have included the inferior alveolar nerve block, but not exclusively (9).
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Kanaa et al. (8) and Robertson et al. (13) utilized the mandibular buccal infiltration.
Costa et al. (7) and Ruprecht et al. (14) utilized the maxillary buccal infiltration technique
while Oliveira et al. (12) combined the maxillary buccal infiltration with the palatal
infiltration. (Table 4.11)
Pulpal status also varied among studies. Seven studies reported confirmation of
baseline pulpal vitality via electric pulp testing in subjects prior to the administration of
the experimental anesthetic agents (5,7,8,11-14). Of these studies, included teeth were
described as non-carious and non-traumatized, except for one study, Costa et al. (7),
which reported the inclusion of some teeth with “initial-stage occlusal caries” which
would imply reversible pulpitis. Otherwise, the six previously described studies imply
the inclusion of teeth with normal pulps (5,8,11-14). Another study, Claffey et al. (6),
specified inclusion of teeth strictly fulfilling the clinical diagnosis of irreversible pulpitis
as they defined as subjects “actively experiencing pain” and having “prolonged response
to cold testing with Endo-Ice.” Two studies (9,15) did not report evaluating pulpal
statuses; however, Sierra Rebolledo (15) reported extraction of impacted third molars
without signs of pathosis which is inferred as inclusion of normal pulps. (Table 4.12)
Outcome
Two main approaches existed for the determination of anesthetic efficacy, and
each of these methods defined anesthetic outcomes differently. First, an electric pulp test
(EPT)-based methodology focused either on percentage of success and failure, anesthetic
occurrence or the longevity of the anesthetic effect. This technique was based on pulpal
anesthesia only. The second approach utilized the visual analog scale (VAS) during
varied clinical treatments to which a measurement of pain was assessed in cases of
incomplete anesthesia. This approach potentially reflected anesthetic success and failure
based on responses from pulpal, periodontal, or osseous origins.
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Seven of ten studies (5,7,8,11-14) utilized the EPT to determine pulpal anesthesia;
however, with this method, there were several protocols utilized among the studies. All
of the studies reported recording a baseline EPT reading prior to the administration of the
experimental local anesthetic. Following the experimental anesthetic administration, and
in one study a dental procedure (7), EPT was utilized in cycles ranging from every 20
seconds to every four minutes for a specified duration of time. The timelines used were
either 30 minutes (8) or 60 minutes post-injection (5,11,13) or until the return of baseline
of EPT values regardless of time (7,12,14). EPT-based anesthetic success was typically
defined as one or two negative responses to the maximum EPT output value of 80. From
these EPT-based outcomes, overall anesthetic success was determined by percentage of
anesthetic success, and in some cases, timeliness of the anesthetic effect. (Table 4.13)
In the case of VAS-based assessment, this methodology required some type of
experimental dental treatment that would be associated with experienced pain if profound
anesthesia was not achieved.

Thus, it was assumed that reported pain related to

anesthetic failure, and lack of reported intraoperative pain equated to sound local
anesthesia (anesthetic success). Two of ten studies implemented this technique; however,
procedure complexity and duration varied, and different measurement scales were
implemented (6,15).

For example, Claffey et al. (6) quantitatively measured

intraoperative pain with a VAS ranging from 0 to 170 millimeters and further categorized
the quantitative responses as no pain (0), mild pain (>0 and ≤54), moderate pain (>54
and <114), or severe pain (≥114). Reported anesthetic success was based on no pain or
mild pain, whereas anesthetic failure included moderate or severe pain. It was reasoned
that the determined anesthetic success and failure reflected pulpal anesthesia based on the
nature of the experimental endodontic treatment (6). Sierra Rebolledo et al. utilized a
VAS (ranging from 1 to 100) during oral surgery procedures. Although the reported
VAS results did not include categorical data reflecting pain-free subjects, additional data
on necessity to reinject during experimental treatment presumably indicated that need for
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reinjection indicated anesthetic failure while no reinjection related to achievement of
sound anesthesia.

Based on the nature of surgical extractions, it was possible that

anesthetic success and failure were based on pulpal, periodontal, and osseous origins
(15). (Table 4.13)
As indicated above, timelines of anesthetic success were inconsistently
determined among studies.

In studies with experimental treatment, measures of

anesthetic success and failure reflected various procedural, and thus observational,
timelines.

EPT use allowed for recording of the onset and duration of the pulpal

anesthetic effect as well as the pulpal anesthetic success at specific times following the
experimental administration; however, all research protocols did not employ these
practices. Kanaa et al. (8) utilized the EPT for a total of 30 minutes following anesthetic
administration. Percentages of pulpal anesthetic success were reported for each two
minute cycle of electric pulp testing.

Five other studies reported pulpal anesthetic

success at various times, in particular, approximately 30 and 60 minutes following
anesthetic administration (5,7,11-13). Four studies had complete EPT use following
anesthetic administration to the return of baseline EPT values and subsequently recorded
the onset and duration of pulpal anesthetic effect (5,7,12,14). One additional study
recorded the onset of pulpal anesthetic effect but not the duration (13). (Tables 4.14
through 4.19)
Outcome of pulpal anesthetic onset and duration as well as anesthetic success
approximately 30 minutes and 60 minutes after anesthetic administration are reported in
Tables 4.14 through 4.19. It was not possible to statistically analyze any timeline data
due to limited data reporting. Table 4.15 outlines the timelines of onset of pulpal
anesthesia where three studies demonstrated faster onset with articaine hydrochloride,
and two studies demonstrated faster pulpal anesthetic onset with lidocaine hydrochloride.
Duration of pulpal anesthesia is reproduced in Table 4.16, showing longer anesthetic
duration from articaine hydrochloride in three of four studies and longer anesthetic
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duration from lidocaine hydrochloride in the fourth study. Table 4.18 demonstrates the
anesthetic success approximately 30 minutes post-administration where articaine
hydrochloride consistently had greater anesthetic success.

Table 4.19 depicts the

anesthetic success approximately 60 minutes post-administration where articaine
hydrochloride consistently has great anesthetic success in four of five studies. In the fifth
study, both anesthetic groups have equivalent anesthetic success at 68.4 percent.
In addition to determining pulpal anesthesia, three studies recorded soft tissue
anesthesia timelines either exclusively or inclusively of pulpal anesthesia (8,12,15).
Subjects subjectively reported soft tissue anesthesia based on a number of tissues (lip,
mucosa, tongue, etc.), and the timelines of the soft tissue anesthesia were compared.
Because it was previously proven that soft tissue anesthesia did not correspond to pulpal
anesthesia, these results were considered for clinical relevance related to soft tissues only
(41). (Table 4.20)
Combination of Probabilities from Tests of Significance
The combined results for percentage of teeth (or experimental anesthetic
administrations) achieving pulpal anesthetic success were based on the reported data
from the ten suitable studies, using the Fisher meta-analytic method of combining
significance probabilities. The reported proportion of successful outcomes, study design
type, numbers of experimental administrations, and reported significance probabilities for
the ten studies are given in Table 4.21. Individually, two of these studies (8,13) reported
significantly superior performance of articaine hydrochloride compared to lidocaine
hydrochloride on the basis of achievement of pulpal anesthetic success; a third study
reported a suggestive result (p=0.057), (9). In four additional studies (5,6,11,15), the
observed rate of anesthetic success was greater for articaine hydrochloride, although not
significantly so; the performance of the two anesthetic agents was identical in the
remaining three studies (7,12,14). As previously discussed, where determinations for
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multiple tooth types were available, results for the first molars were used, i.e., for the
results reported by Berlin et al., Mikesell et al., and Robertson et al. (5,11,13). The
overall result for anesthetic success based upon meta-analysis by the Fisher method was
that articaine hydrochloride demonstrated statistically superior anesthetic success
(p=0.0014) relative to lidocaine hydrochloride.
As an exploratory measure, the analysis was repeated using the tooth type with
the p-value with the least significance from those studies where results were reported for
multiple tooth types.

The overall result for anesthetic success for this exploratory

analysis, again based upon meta-analysis by the Fisher method, also supported anesthetic
superiority of articaine hydrochloride (p=0.004) relative to lidocaine hydrochloride.
(Table 4.22)
All subsequent analyses were done using the first molar results for these studies;
the justification for the selection of first molars is stated above.
Tests of Heterogeneity
Heterogeneity among the ten included studies was assessed for the entire group,
as well as separately, based upon the study-specific designs of either cross-over or
independent samples studies. The treatment effect of interest was the difference in the
proportion of successful experimental administrations achieving anesthetic success with
articaine hydrochloride minus the proportion of experimental administrations achieving
anesthetic success with lidocaine hydrochloride. The Q statistic value was calculated
according to the method of Cochran (42). For all studies combined, the chi-square value
associated with the test of heterogeneity was 21.76 with 9 degrees of freedom, and a pvalue of 0.0097 was obtained, indicating strong evidence of heterogeneity among studies
included in this meta-analysis. For the cross-over studies, the chi-square value was 20.85
with 6 degrees of freedom, and a p-value of 0.0020 was obtained, again providing
evidence of heterogeneity. For the independent sample studies, the chi-square value was
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0.63 with 2 degrees of freedom, and a p-value of 0.7311 was obtained, indicating no
evidence of heterogeneity among these three studies. (Table 4.23)
Heterogeneity was also evaluated graphically. Forest plots depicted individual
effect sizes and not combined effect. (Figure 4.1)
Fixed Effects Model Versus Random Effects Model
Given the results from heterogeneity analysis, there was strong evidence of
heterogeneity among the studies, indicating that a random effects model was appropriate,
rather than the fixed effects approach. Typically, the fixed effects model would be
employed in cases with no evidence of heterogeneity. It may be noted that the random
effects approach yields confidence intervals that are slightly wider than those achieved
using the fixed effects models, and so the approach is somewhat more conservative.
These results are not especially surprising, given there are several obvious potential
sources of heterogeneity in these studies, including the design and the differing
definitions of “successful anesthesia”. Since fixed effects models assume homogeneity
across included studies, while random effects models assume that these studies are
randomly drawn from a larger universe of possible studies, it is not unrealistic to report
random effects model results. Given these considerations, the random effects model was
also used for the design-specific estimates of treatment effect.
Estimation of Treatment Difference under the Random
Effects Model
Table 4.24 gives the individual differences in percentages of anesthetic success
for the ten studies included in the meta-analysis, as well as the confidence intervals and
descriptions of study parameters for individual studies. Based upon this information, we
obtained the combined point estimates of the treatment differences and the associated 95
percent confidence intervals for all ten studies combined, as well as separately for crossover design and independent samples design studies.

These estimates are depicted
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graphically in Figure 4.1. As seen in Table 4.25, the combined estimate of the difference
in percentage of anesthetic success, obtained by the random effects by the method of
DerSimonian and Laird, was 9.21 percent, indicating that administration of articaine
hydrochloride was associated with an estimated 9.21 percent greater proportion of
anesthetic success than lidocaine hydrochloride administration.

The 95 percent

confidence interval for the difference in proportions was (2.56 percent to 15.85 percent),
indicating that we have 95 percent confidence that the true increase in the proportion of
anesthetic success for articaine hydrochloride versus lidocaine hydrochloride is between
2.56 percent and 15.85 percent.
When two designs were considered separately, the meta-analysis again provided
evidence of articaine hydrochloride superiority.

These combined estimates and

confidence intervals based upon the random effects model are also given in Table 4.25
and Figure 4.1.
Publication Bias Funnel Plots
A funnel plot of all ten studies yielded an unremarkable pattern. The funnel plot
was devised with the idea that smaller studies showing significant results might be more
likely to be published, as opposed to those showing non-significant results. In this
instance, the funnel plot shows that the three smallest studies actually demonstrated no
difference between experimental anesthetic groups.

The funnel plot (Figure 4.2)

therefore provides no suggestion of publication bias of this type. To produce a more
approachable scale, the largest study by Khoury et al. was eliminated. What results is a
more approachable scale with the same pattern of the smallest three studies showing no
difference in experimental anesthetic groups, and again, no suggestion of publication bias
of this kind. (Figure 4.3)
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Table 4.1: Heterogeneity of time, g+eography and language in chronological order of
publication
Study

Year

Location

Language

Khoury et al.

1991

Germany

German

Ruprecht et al.

1991

Germany

German

Claffey et al.

2004

United States

English

Oliveira et al.

2004

Brazil

English

Berlin et al.

2005

United States

English

Costa et al.

2005

Brazil

English

Mikesell et al.

2005

United States

English

Kanaa et al.

2006

United Kingdom

English

Robertson et al.

2007

United States

English

Sierra Rebolledo et al.

2007

Spain

English
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Table 4.2: Study design type
Study

Cross-Over

Khoury et al.
Ruprecht et al.

■
■

Claffey et al.

■

Oliveira et al.

■

Berlin et al.

■

Costa et al.

■

Mikesell et al.

■

Kanaa et al.

■

Robertson et al.

■

Sierra Rebolledo et al.

Independent Samples

■
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Table 4.3: Peer-reviewed publications*
Study

Verified

Unverified

Khoury et al.

■

Ruprecht et al.

■

Claffey et al.

■

Oliveira et al.

■

Berlin et al.

■

Costa et al.

■

Mikesell et al.

■

Kanaa et al.

■

Robertson et al.

■

Sierra Rebolledo et al.

■

*

according to Ulrich’s Periodicals Directory
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Table 4.4: Number of subjects (n)
Study

Articaine Hydrochloride

Lidocaine Hydrochloride

Khoury et al.

408

363

Ruprecht et al.

10

10

Claffey et al.

37

35

Oliveira et al.

20

20

Berlin et al.

51

51

Costa et al.

20

20

Mikesell et al.

57

57

Kanaa et al.

31

31

Robertson et al.

60

60

Sierra Rebolledo et al.

30

24
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Table 4.5: Number of subjects (n) based on gender
Study

Articaine Hydrochloride

Lidocaine Hydrochloride

Female

Male

Female

Male

Khoury et al.

*

*

*

*

Ruprecht et al.

0

10

0

10

Claffey et al.

24

13

23

12

Oliveira et al.

16

4

16

4

Berlin et al.

26

25

26

25

Costa et al.

15

5

15

5

Mikesell et al.

27

30

27

30

Kanaa et al.

16

15

16

15

Robertson et al.

34

26

34

26

Sierra Rebolledo et al.

17**

13**

17**

13**

*

not reported

**

overall number of subjects used in random assignments for both groups prior to study
exclusions
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Table 4.6: Age distribution of subjects (years)
Study

Articaine Hydrochloride

Lidocaine Hydrochloride

Range

Mean

Range

Mean

Khoury et al.

>18

*

>18

*

Ruprecht et al.

20-30

*

20-30

*

Claffey et al.

21-53

31

20-48

31

Oliveira et al.

20-39

26

20-39

26

Berlin et al.

20-53

26

20-53

26

Costa et al.

18-31

*

18-31

*

Mikesell et al.

19-60

28

19-60

28

Kanaa et al.

20-30

22.8

20-30

22.8

Robertson et al.

19-51

27

19-51

27

Sierra Rebolledo et al.

18-36

23.72

18-36

23.72

*

not reported
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Table 4.7: Volumes of anesthetic administered (milliliters)
Study

Articaine Hydrochloride

Lidocaine Hydrochloride

Khoury et al.

0.8-5.0

0.8-5.0

Ruprecht et al.

0.5

0.5

Claffey et al.

2.2

2.2

Oliveira et al.

2.15

2.15

Berlin et al.

1.4

1.4

Costa et al.

1.8

1.8

Mikesell et al.

1.8

1.8

Kanaa et al.

1.8

1.8

Robertson et al.

1.76

1.76

Sierra Rebolledo et al.

3.6

3.6
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Table 4.8: Tooth location divided by arch
Study

Mandibular

Maxillary

Khoury et al.

■

Ruprecht et al.
Claffey et al.

■
■

Oliveira et al.
Berlin et al.

Combined

■
■

Costa et al.

■

Mikesell et al.

■

Kanaa et al.

■

Robertson et al.

■

Sierra Rebolledo et al.

■
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Table 4.9: Tooth location divided by anterior/posterior location
Study

Anterior

Posterior

Khoury et al.
Ruprecht et al.

■
■

Claffey et al.
Oliveira et al.

■
■

Berlin et al.

■

Costa et al.

■

Mikesell et al.

Unspecified

■

■

Kanaa et al.

■

Robertson et al.

■

Sierra Rebolledo et al.

■

50

Table 4.10: Tooth types with individually reported outcomes
Study

CI

LI

C

1PM

2PM

1M

2M

3M

Khoury et al.
Ruprecht et al.

♦
●

Claffey et al.

■

Oliveira et al.

●

Berlin et al.

■

■

■

Costa et al.
Mikesell et al.

●
■

■

■

■

Kanaa et al.
Robertson et al.
Sierra Rebolledo et al.
■

mandibular

●

maxillary

♦

mandibular and maxillary combined

CI

central incisor

LI

lateral incisor

C

canine

1PM

first premolar

2PM

second premolar

1M

first molar

2M

second molar

3M

third molar

Multiple

■

■

■
■

■

■

■
■
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Table 4.11: Injection type
Study

IANB

BI

PI

PDL

Khoury et al.

♦

Ruprecht et al.
Claffey et al.

●
■

Oliveira et al.

●

Berlin et al.
●
■

Kanaa et al.

■

Robertson et al.

■

Sierra Rebolledo et al.

■

■

■

mandibular

●

maxillary

♦

mandibular and maxillary combined

IANB

inferior alveolar nerve block

BI

buccal infiltration

PI

palatal infiltration

PDL

●
■

Costa et al.
Mikesell et al.

Unspecified

periodontal ligament
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Table 4.12: Pulpal status
Study

Normal Pulp

Irreversible Pulpitis

Khoury et al.
Ruprecht et al.

■
■

Claffey et al.

■

Oliveira et al.

■

Berlin et al.

■

Costa et al.

■*

Mikesell et al.

■

Kanaa et al.

■

Robertson et al.

■

Sierra Rebolledo et al.

■

*

Unspecified

potentially included some teeth with reversible pulpitis (“initial-stage occlusal caries”)
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Table 4.13: Reported methods of anesthetic assessment
Study

EPT-based

VAS-based

Khoury et al.
Ruprecht et al.

“No pain”

■

■

■

Claffey et al.

■

Oliveira et al.

■

Berlin et al.

■

Costa et al.

■

Mikesell et al.

■

Kanaa et al.

■

Robertson et al.

■

Sierra Rebolledo et al.

Reanesthesia-based

■

■
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Table 4.14: Reported timelines of pulpal anesthetic effect
Study

Onset

Duration

■

■

Oliveira et al.

■

■

Berlin et al.

■

■

Costa et al.

■

■

Khoury et al.
Ruprecht et al.
Claffey et al.

Mikesell et al.
Kanaa et al.
Robertson et al.
Sierra Rebolledo et al.

■
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Table 4.15: Reported timelines of pulpal anesthetic onset (minutes)
Articaine Hydrochloride
Study

n

Berlin et al.*

Onset

S.D.

Onset

S.D.

51 1M

1.3

± 1.4

3.2

± 2.7

Costa et al.*

20

M

1.4

**

2.8

**

Oliveira et al.*

20

C

2.4

± 2.7

2.3

± 1.5

Robertson et al.*

60

1M

4.2

± 3.1

7.7

± 4.3

Ruprecht et al.*

10

CI

5.0

± 2.83

3.4

± 1.31

*

Tooth

Lidocaine Hydrochloride

cross-over study design

**

not reported

S.D.

standard deviation

M
C

multiple

canine

1M

first molar

CI

central incisor
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Table 4.16: Reported timelines of pulpal anesthetic duration (minutes)
Lidocaine Hydrochloride

Onset

S.D.

Onset

S.D.

Study

n

Berlin et al.*

51 1M

34.2

± 16.8

35

± 30.6

Costa et al.*

20

M

66.3

**

39.2

**

Oliveira et al.*

20

C

64.2

± 21.5

53.7

± 21

Ruprecht et al.*

10

CI

66.8

± 22.7

61.3

± 17.21

*

Tooth

Articaine Hydrochloride

cross-over study design

**

not reported

S.D.

standard deviation

M
C

multiple

canine

1M

first molar

CI

central incisor
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Table 4.17: Timelines of reported pulpal anesthetic success
Study

30 minutes*

60 minutes*

Khoury et al.
Ruprecht et al.
Claffey et al.
Oliveira et al.

■

■

Berlin et al.

■

■

Costa et al.

■

■

Mikesell et al.

■

■

Kanaa et al.

■

Robertson et al.

■

Sierra Rebolledo et al.
*

approximate time

■
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Table 4.18: Outcomes for pulpal anesthetic success at approximately 30 minutes
Lidocaine Hydrochloride

Time
**

Yes

No

%

Yes

No

%

Study

n

Berlin et al.*

51 1M

29

25

26

49.02

22

29

43.12

Costa et al.*

20

M

30

20

0

100

19

1

95

Kanaa et. al.*

31

1M

30

19

12

61.3

6

25

19.4

Mikesell et al.*

57

1M

29

41

16

71.93

37

20

64.91

Oliveira et al.*

20

C

30

19

1

95

18

2

90

Robertson et al.*

60

1M

28

44

16

73.34

21

39

35

*

Tooth

Articaine Hydrochloride

cross-over study design

**
M
C

minutes

multiple

canine

1M

first molar
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Table 4.19: Outcomes for pulpal anesthetic success at approximately 60 minutes
Lidocaine Hydrochloride

Time
**

Yes

No

%

Yes

No

%

Study

n

Berlin et al.*

51 1M

59

12

39

23.5

4

47

7.8

Costa et al.*

20

M

60

12

8

60

3

17

15

Mikesell et al.*

57

1M

57

39

18

68.4

39

18

68.4

Oliveira et al.*

20

C

60

12

8

60

6

14

30

Robertson et al.*

60

1M

58

11

49

18.34

2

58

3.34

*

Tooth

Articaine Hydrochloride

cross-over study design

**
M
C

minutes

multiple

canine

1M

first molar
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Table 4.20: Reported outcomes for soft tissue anesthetic effect
Study

Onset

Duration

Khoury et al.
Ruprecht et al.
Claffey et al.
Oliveira et al.

■

Berlin et al.
Costa et al.
Mikesell et al.
Kanaa et al.

■

Robertson et al.
Sierra Rebolledo et al. ■

■
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Table 4.21: Percentages of anesthetic success arranged by study type
Study

Study
Type

n*

Articaine
Hydrochloride
Percentages of
Anesthetic
Success

Lidocaine
Hydrochloride
Percentages of
Anesthetic
Success

p-value

Berlin et al.

CO

102

86.28

74.51

0.1460**

Costa et al.

CO

40

100

100

1.0000

Kanaa et al.

CO

62

64.52

38.71

0.0080

Mikesell et al.

CO

114

40.35

31.58

0.3320**

Oliveira et al.

CO

40

100

100

1.0000

Robertson et al.

CO

120

86.67

56.67

0.0001**

Ruprecht et al.

CO

20

100

100

1.0000

Claffey et al.

IS

72

24.32

22.86

0.8800

Khoury et al.

IS

771

73.04

66.67

0.0570

Sierra Rebolledo et al.

IS

54

76.67

62.50

0.1280

*

number of experimental administrations

**

selection of first molar when results were presented for multiple teeth

CO

cross-over design where each subject received two experimental administrations, one
with articaine hydrochloride and one with lidocaine hydrochloride
IS

independent samples design with each subject randomized to either the experimental
group receiving articaine hydrochloride or that receiving lidocaine hydrochloride
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Table 4.22: Percentages of anesthetic success arranged by study type
Study

Study
Type

n*

Articaine
Hydrochloride
Percentages of
Anesthetic Success

Lidocaine
Hydrochloride
Percentages of
Anesthetic Success

p-value

Berlin et al.

CO

102

84.31

74.51

0.2670**

Costa et al.

CO

40

100

100

1.0000

Kanaa et al.

CO

62

64.52

38.71

0.0080

Mikesell et al.

CO

114

15.79

14.04

1.0000**

Oliveira et al.

CO

40

100

100

1.0000

Robertson et al.

CO

120

86.67

56.67

0.0001**

Ruprecht et al.

CO

20

100

100

1.0000

Claffey et al.

IS

72

24.32

22.86

0.8800

Khoury et al.

IS

771

73.04

66.67

0.0570

Sierra Rebolledo et al.

IS

54

76.67

62.50

0.1280

*

number of experimental administrations

**

selection of tooth with the least significance p-values when results were presented for
multiple teeth

CO

cross-over design where each subject received two experimental administrations, one
with articaine hydrochloride and one with lidocaine hydrochloride
IS

independent samples design with each subject randomized to either the experimental
group receiving articaine hydrochloride or that receiving lidocaine hydrochloride
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Table 4.23: Chi-square tests of heterogeneity using Cochran’s Q procedure
Study Type

Number of
Studies

Chi-Square

Degrees of
Freedom

p-value

Cross-Over*

7

20.85

6

0.0020

Independent Samples**

3

0.63

2

0.7311

All

10

21.76

9

0.0097

*

study design where each subject received two experimental administrations, one with
articaine hydrochloride and one with lidocaine hydrochloride

**

study design with each subject randomized to either the experimental group receiving
articaine hydrochloride or that receiving lidocaine hydrochloride
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Table 4.24: Differences in percentages of anesthetic success with confidence intervals
Study

Study
Type

n*

Difference in
Percentages

95 Percent Confidence Interval

Berlin et al.

CO

102

11.77

-5.59% - 29.12%

Costa et al.

CO

40

0

-14.80% - 14.80%

Kanaa et al.

CO

62

25.81

5.93% - 45.683%

Mikesell et al.

CO

114

8.77

-10.70% - 28.25%

Oliveira et al.

CO

40

0

-14.80% - 14.80%

Robertson et al.

CO

120

30.0

15.02% - 44.98%

Ruprecht et al.

CO

20

0

-29.60% - 29.60%

Claffey et al.

IS

72

14.7

-18.15% - 21.08%

Khoury et al.

IS

771

6.37

-0.11% - 12.85%

Sierra Rebolledo et al.

IS

54

14.17

-10.41% - 38.75%

*

number of experimental administrations

CO

cross-over design where each subject received two experimental administrations, one
with articaine hydrochloride and one with lidocaine hydrochloride
IS

independent samples design with each subject randomized to either the experimental
group receiving articaine hydrochloride or that receiving lidocaine hydrochloride
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Table 4.25: Combined estimates of the differences in percentages of anesthetic success
(articaine hydrochloride – lidocaine hydrochloride) using the random effects
model
Study Type

N*

Combined Estimates

pˆ Art − pˆ Lido

95 Percent Confidence Interval
for Combined Estimate

Cross-Over*

7

10.57%

0.82% - 20.31%

Independent Samples**

3

6.38%

0.40% - 12.35%

All

10

9.21%

2.56% - 15.85%

*

number of studies

*

study design where each subject received two experimental administrations, one with
articaine hydrochloride and one with lidocaine hydrochloride

**

study design with each subject randomized to either the experimental group receiving
articaine hydrochloride or that receiving lidocaine hydrochloride
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Figure 4.1: Forest plot: point estimates and associated 95 percent confidence intervals for
the difference in the percentage of anesthetic success achieved with the two
experimental administrations (articaine hydrochloride – lidocaine
hydrochloride), as well as combined point estimates of the treatment
differences and the associated 95 percent confidence intervals overall and by
study design
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Figure 4.2: Publication bias funnel plot for all studies
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Figure 4.3: Publication bias funnel plot with elimination of Khoury et al.
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CHAPTER 5
DISCUSSION
The combination of studies in this meta-analysis contributed power and
multiplicity in the quest to compare the local anesthetic efficacy of two commonly used
local anesthetic agents in dentistry, four percent articaine hydrochloride with epinephrine
1:000,000 versus two percent lidocaine hydrochloride with epinephrine 1:100,000. In
spite of the variability of outcomes in the literature, meta-analysis revealed that a
significant difference exists between these anesthetic agents. These results suggest an
advantage to the use of articaine hydrochloride. The limitations of this meta-analysis are
acknowledged, chief of which are the numerous sources of heterogeneity in study design,
injection type, study population, target teeth, and very importantly, definition of outcome.
These are further complicated by the lack of standardization in reporting. In a point
related to this, we acknowledge that, if the assumptions made in inference of cell counts
are incorrect, or the results were not accurately reported in the publications, this might
introduce additional uncertainty into the estimates produced by this meta-analysis.
Nonetheless, these results appear to support the potential advantage to be gained from
further systematic evaluation, particularly under more standardized conditions, which
would enhance the ability to more definitively quantitate any increase in efficacy of
articaine hydrochloride, and to delineate the conditions under which it pertains.
Extensive efforts were made to identify all relevant and comparable clinical
studies in order to completely investigate, compare and draw conclusions on these two
anesthetic agents. Studies included in this meta-analysis were subject to the inclusion
criteria standards which were specifically set to regulate the quality of studies included
for meta-analytic comparison. Despite this, inconsistencies in methodology and outcome
measures with potential sources of bias were observed among all ten studies. This
heterogeneity required critical appraisal to interpret the individual context and validity of
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each study. Furthermore, so many inconsistencies between the studies posed an immense
challenge in comparing varied outcomes while preserving the original context of each
study and drawing cohesive and clinically relevant conclusions.
Differential weighting is sometimes utilized in meta-analysis to control the
influence of individual studies, particularly due to factors related to study quality. In this
present study, differential statistical weight was not placed on the studies on this basis,
despite the differences in number of experimental administrations, of quality factors in
methodology and outcomes, and in publication within peer-reviewed journals. It was
considered that the inclusion criteria adequately served to judge the value of the included
studies. Therefore, despite their differences, included studies were compared with equal
weight with respect to quality factors. Weighting in the analysis was confined to the
inverse-variance approach as specified by the standard method due to DerSimonian and
Laird (99).
By principle, this meta-analysis included more subjects than any single
constituent study comparing these anesthetic agents of interest. Because of this, there is
greater power to investigate the relationship between the anesthetic agents. However,
when comparing all ten studies which were included for meta-analysis, many variations
in approach were observed. Subsequently, the meta-analytic results are broadly based on
studies being conducted independently with different geographic locations, populations,
contexts, clinical conditions, and definitions of anesthetic success.
Overall, the meta-analytic results are based on the inclusion of both male and
female subjects between the ages of 18 to 60 years. The majority of subjects had
reported systemic health. Limitations in reporting for all of these factors prevented
further exploration of bias between anesthetic groups and potential relationships between
these factors and anesthetic success.
Although a range of local anesthetic volumes were administered, these volumes
were compared similarly as they were considered to be clinically reasonable anesthetic
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volumes. It was not feasible to categorize or limit the volumes included for metaanalysis. It has been pointed out that a comparison of equivalent volumes of four percent
articaine hydrochloride and two percent lidocaine hydrochloride is perhaps invalid
because they contain different milligrams of anesthetic, 40 milligrams versus 20
milligrams per milliliter respectively (28,29). From the PubMed and other searches in
this meta-analysis, no studies were identified that compared equivalent concentrations of
articaine hydrochloride and lidocaine hydrochloride. Therefore, the results of this metaanalysis reflect the comparison of anesthetic agents as they are commonly compared in
the literature, equivalent volumes (or relatively equivalent) of a four percent solution of
articaine hydrochloride to a two percent solution lidocaine hydrochloride, both with
epinephrine 1:100,000. It is beyond the scope of this present study to make inferences
about the concentration differences and any resultant influence on anesthetic efficacy.
Future research is warranted in the study of equivalent concentrations of these anesthetic
agents.
The results of this meta-analysis are based on the pulpal anesthetic success as
determined in numerous tooth types in those studies utilizing either EPT-based anesthetic
success determination or procedural treatments exclusively impacting vital pulp tissue.
Otherwise, anesthetic success could be potentially based on a combination of pulpal,
periodontal and osseous tissues. For the overall meta-analytic results, only one tooth per
experimental administration was included.

This single tooth was either inherently

selected in the study design of the clinical trial, or in the three studies where outcomes
were reported individually for multiple teeth (5,11,13), the first molar was selected. The
rationale for selecting the first molar was based on it being the most commonly selected
tooth in the included studies, the most commonly treated tooth in an endodontic database
(102), and the possibility of it being more difficult to anesthetize as compared to other
tooth types. The combination of numerous tooth types in this study offers a broad point
of comparison and represents the variety of teeth that are treated in dentistry.
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The variety of injection types projected another broad point of comparison. All
injection types were compiled for the overall meta-analysis. If injection types had been
compared individually based on specific type and location, the number of included
studies would have been drastically reduced.
For the purposes of this meta-analysis, all pulpal diagnoses were included and
combined for synthesis. The majority of included studies reported vital pulps with one
study specifically reporting irreversible pulpitis. A single study, the largest study, did not
report pulpal status. Therefore, it should be considered that the overall result reflects a
variety of pulpal conditions.
Obviously, overall anesthetic success was analyzed regardless of time. It was
considered worthwhile to investigate the anesthetic success at different points in time
following initial anesthetic administration as a secondary meta-analytic approach. The
purpose of this was to see if there were differences between the two anesthetic agents
over time and to assist the clinician with adequate timing of painful dental procedures.
Data were abstracted from six studies with anesthetic success reported approximately 30
minutes post-injection and from five studies with anesthetic success reported
approximately 60 minutes post-injection. Unfortunately, no single study evaluated these
timelines statistically nor did they report data for individual subjects. It was not possible
to meta-analytically compare the anesthetic groups based on specific timelines; however,
a trend was observed for articaine hydrochloride to have consistently greater anesthetic
efficacy than lidocaine hydrochloride at both post-injection times. As expected, there
was a decrease in the percentage of anesthetic success from approximately 30 minutes to
60 minutes following anesthetic administration.
For treatment based anesthesia determination, differences in treatment complexity
and duration undoubtedly introduced variability in outcome.

And for EPT-based

anesthesia determination, different protocols were employed.

Both groups were

compared together in this meta-analytic comparison.
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When we began this analysis, we set goals to evaluate a number of factors that
could potentially influence anesthetic success. In particular, we planned to evaluate the
influence of gender, age, tooth type, injection type, pulpal status, and anesthetic
timelines. Because the literature was not standardized and lacked sufficient data, it was
impossible to perform these secondary analyses.

Failure of standardized research

protocols has been named as a significant limitation in a number of other meta-analyses
in the dental literature (103-106).
Because of the focus on anesthetic efficacy in this current meta-analysis, adverse
outcomes were considered to be beyond the scope of this study. However, the clinician
should be knowledgeable about the adverse effects and safety considerations of any local
anesthetic to be administered. Articaine hydrochloride has received mixed reviews with
respect to post-injection complications, in particular paresthesia following mandibular
block injections.

In a survey of clinical data, complications (most common were

tachycardia, nausea, tremors, agitation and dizziness) were reported in six per cent of
1057 patients given four percent articaine hydrochloride with epinephrine 1:100,000. In
comparison, no side effects or complications were reported in patients that were given
two percent lidocaine hydrochloride with the same epinephrine. However, it was noted
in this study that lidocaine hydrochloride was given more to healthy patients which are at
less risk of having complications associated with local anesthesia (31). In a 21 year
retrospective study, 143 cases of paresthesia following local anesthetic administration
were voluntarily reported by dentists. From these cases, articaine hydrochloride was
reported at a frequency of 49 percent and lidocaine hydrochloride at 4.9 percent. It was
confirmed that articaine hydrochloride was utilized more that lidocaine hydrochloride;
however articaine hydrochloride was significantly associated with paresthesia and
lidocaine hydrochloride was not (107). Additionally, in a clinical trial of 882 subjects
receiving four percent articaine hydrochloride with epinephrine 1:100,000, overall
adverse events were reported by four percent of subjects with paresthesia in 0.9 percent
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of these subjects. Of 443 subjects receiving two percent lidocaine hydrochloride with
epinephrine 1:100,000, four percent of subjects similarly reported overall adverse events
with 0.45 percent of subjects reporting paresthesia (84).
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CHAPTER 6
CONCLUSION
Based on the results of this meta-analysis, a clear difference between four percent
articaine hydrochloride with epinephrine 1:000,000 versus two percent lidocaine
hydrochloride with epinephrine 1:100,000 was observed.

There is evidence of an

advantage of using articaine hydrochloride with respect to achieving increased anesthetic
success in dental applications.
In the process of this analysis, heterogeneity was observed among all analyzed
studies. Researchers are encouraged to be forward-thinking and to design research with
standardized methodology and reporting to permit future synthesis.
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