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ABSTRACT
Objective: To investigate the speed of action and injection discomfort of 4% articaine and 2% mepivacaine for upper teeth 
extractions.

Materials and Methods: Forty‑five patients were included in the articaine 4% group, and 45 in the mepivacaine 2% control 
group. After all injections, soft and hard tissue numbness was objectively gauged by dental probe at intervals of 15 s. 
Furthermore, the discomfort of the injections were recorded by the patients after each treatment on standard 100 mm visual 
analog scales, tagged at the endpoints with “no pain” (0 mm) and “unbearable pain” (100 mm).

Results: There were significant differences in the meantime of first numbness to associated palatal mucosa and tooth of 
patients between mepivacaine and articaine buccal infiltration (BI) groups P = 0.01 and 0.01. Patients in the articaine group 
recorded earlier palatal mucosa and teeth numbness than those in the mepivacaine group. With regards to the discomfort 
of the needle injections, palatal injection was significantly more painful than BI (t‑test: P < 0.001). Articaine buccal injection 
was significantly more painful than mepivacaine buccal injection (t‑test: P < 0.001). However, articaine palatal injection was 
less painful than articaine BI. Clinically, anesthesia onset time was faster in anterior upper teeth than upper middle and 
posterior teeth.

Conclusions: BIs with 4% articaine was faster in achieving palate and teeth anesthesia than 2% mepivacaine for extraction 
of upper maxillary teeth. Patients in mepivacaine BI and articaine palatal injection groups reported less pain with needle 
injection. Failure of anesthesia was noticeable with maxillary multiple‑rooted teeth.
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Introduction

Work is still going on by dental clinicians and researchers 
to find an optimal local anesthetic agent which it has 
a high potency and rapid onset of action.[1‑4] However, 
pain‑free injection also plays a role in improving the patient 
perceptions toward the dentist and dental treatments and 

encouraging patients to attend a regular checkup.[2,5,6] A 
study by Gazal[3] was carried out to compare the injection 
pain and speed of local anesthetic effect induced by tissue 
infiltration of mepivacaine 2% with epinephrine 1:100,000 
versus articaine 4% with epinephrine 1:100,000 in securing 
mandibular first molar pulp anesthesia. The finding of 
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this study showed that the 4% articaine was faster than 2% 
mepivacaine in anesthetizing the pulps of lower molar teeth 
after buccal infiltrations (BIs). Earlier lip and teeth numbness 
were recorded in articaine group. Articaine and mepivacaine 
BIs were more comfortable than mepivacaine inferior alveolar 
nerve block (IANB) injections. Plain articaine shows a faster 
onset of action associated with a shorter time of activity in 
comparison to plain mepivacaine. In literature, there are many 
studies reported that the superiority of articaine over other 
local anesthetic agents.[7‑12] This statement was explained 
by the fact that the articaine has great lipid‑solubility and 
potency allowing an increased entry into the neurons.[3,4] 
An epinephrine‑free anesthetic solution of articaine 4% 
can be used as a possible option in short dental routine 
treatments instead of using vasoconstrictor‑containing local 
anesthetics.[13] The primary aim of this study is to evaluate 
the length of time for achieving first numbness to associated 
soft tissue and teeth following BIs either with 2% mepivacaine 
or with 4% articaine for achieving maxillary teeth anesthesia. 
Our null hypothesis stated that the BIs of mepivacaine 
and articaine have equal length of time for achieving first 
numbness to associated soft tissue and teeth.

Materials and Methods

This randomized, controlled study was conducted from 
February 22, 2015, to June 1, 2015. Taibah Dental School 
Research Ethics Committee had approved the study. Patients 
who attended the Oral Surgery Department of Taibah 
University College of Dentistry, scheduled for extraction of 
teeth under local anesthesia was considered for inclusion in 
the study. Using convenient sampling pattern, ninety patients 
were selected to one of the two groups.

Patients who fulfilled the following criteria were eligible for 
inclusion into the study:

(1) Male aged 16–70 years of age. (2) Scheduled for extraction 
with upper tooth. (3) American Society of Anesthesiology I 
or II patients. (4) Where the patient was able to understand 
and cooperate with the requirements of the protocol and 
was able and willing to exercise an appropriate written 
informed consent. Patients were excluded from the study 
who were allergy to local anesthesia, need multiple upper 
teeth extraction, and have vomiting reflex.

Prior to the study, a researcher allocated the sequence 
of patient identity numbers to either the test or control 
group. Slips of paper with 4% articaine (test group) or 
2% mepivacaine (control group) were placed in opaque 
envelopes and sealed by a secretary who was not associated 

with the study. These envelopes had been numbered 
sequentially on their outside with the patient identity number 
and were attached to the patient’s dental hospital treatment 
record. On dental chair, once the patient signed the consent 
the attached envelope was opened by the dental assistant 
who was completely independent of the whole process. If 
the patient was in mepivacaine or articaine group, the local 
anesthetic needle was inserted at the depth of the sulcus 
adjacent to the apical of the tooth listed for extraction and 
advanced 4–7 mm until an adequate bony contact is achieved 
then, 1.4 ml mepivacaine 2% or articaine 4% with epinephrine 
1:100,000 was delivered slowly over 40 s after aspiration plus 
a 0.4 ml mepivacaine infiltration in the hard palate 5 mm far 
from gingival margin over 20 s. No anesthetic solution will 
be deposited as the needle is advanced to the target site in 
either regimen.

The discomfort of the injections was recorded by the patients 
after each treatment on standard 100 mm visual analog 
scales (VAS), tagged at the endpoints with “no pain” (0 mm) 
and “unbearable pain” (100 mm).

After all injections, soft and hard tissue numbness was 
subjectively gauged by dental probe at intervals of 15 s. After 
10 min of injection of local anesthesia, if the anesthetized 
tooth is still positively sensitized, the second cartridge of 
LA was administered.

Both patients and the researcher testing anesthetic 
effectiveness were not aware to which local anesthetic BI 
regimen was administered. All injections were given by the 
same operator (GG). Standard aspirating dental cartridge 
syringes (USA: ATI) fitted with 27‑gauge, 21 mm short 
needles (C‑K Ject [27 gauge] 0.4 mm × 21 mm, Korea) 
were used for buccal and palatal infiltrations.

Data were entered and analyzed in statistical software 
package SPSS (SPSS 17.0, SPSS, Inc., Chicago, IL, USA).

Results

Ninety‑four patients were recruited into this study. Four 
patients were excluded from this study because they 
fainted during the administration of local anesthesia and as 
a consequence, their dental extractions were canceled. In 
mepivacaine and articaine groups, patients had successful 
teeth extraction within the study allocated time 10 min. 
There were four patients in mepivacaine group and only one 
patient in articaine group who has an anesthetic failure and 
required additional local anesthetic to carry out the dental 
extraction.
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Time of first numbness to associated buccal, palatal soft 
tissue, and teeth
The mean time of the first numbness to associated 
buccal, palatal mucosa, and tooth of the ninety patients 
who participated in the study was 1.40, 0.71, and 
2.66 min (standard deviation [SD] 1.97, 0.72, and 2.64).

The mean time of first numbness to associated buccal, palatal 
mucosa, and tooth of patients in mepivacaine BI group was 
1.74, 0.90, and 3.37 min (SD 2.14, 0.96, and 3.05). Whereas, 
the mean time of first numbness to associated buccal, palatal 
mucosa, and tooth of patients in articaine BI group were 1.05, 
0.52, and 1.96 min (SD 1.68, 0.20, and 1.93).

There were significant differences in the meantime of first 
numbness to associated palatal mucosa and tooth of patients 
between mepivacaine and articaine BI groups P = 0.01 and 
0.01 [Table 1 and Figure 1]. In light of this result, patients 
in articaine group recorded earlier palatal mucosa and teeth 
numbness than those in mepivacaine group.

There were no significant differences in the meantime of first 
numbness to associated buccal mucosa of patients between 
the two BI groups (P > 0.05). However, clinically buccal 
mucosa numbness was faster in articaine group than patients 
in the mepivacaine group.

Injection discomfort
The discomfort of the injections was recorded by the patients 
after each treatment on standard 100 mm VAS, tagged 
at the endpoints with “no pain” (0 mm) and “unbearable 
pain” (100 mm). The range pain injection score of patients 
in the study was from 0 to 100. The mean pain scores for 

postbuccal and palatal injections were 43.7 and 48.3 mm, 
respectively (SD 21 and 20). There were significant differences 
between the mean pain scores for patients in the postbuccal 
and postpalatal injection groups (t‑test: P < 0.001). Palatal 
injection was significantly more painful than BI. Articaine 
buccal injection was significantly more painful than 
mepivacaine buccal injection [t‑test: P < 0.001, Table 2].

For both mepivacaine and articaine groups, changes in pain 
injection scores from postbuccal injection score to postpalatal 
score were made using the paired sample t‑test. There was a 
significant difference for mepivacaine group when comparing 
the postbuccal scores with the postpalatal injection 
scores [P < 0.001, Table 3]. Mepivacaine buccal injection 
was significantly more comfortable than mepivacaine palatal 

Table 1: Comparisons between mean time of first numbness to associated buccal, palatal mucosa, and tooth of the patients in 
mepivacaine and articaine infiltration groups

Onset of numbness Groups Number of patients n Mean (SD) t‑test (df=88) P
First numbness to buccal mucosa Mepivacaine regimen 45 1.74 (2.14) 1.70 0.09

Articaine regimen 45 1.05 (1.68)
First numbness to palatal mucosa Mepivacaine regimen 45 0.90 (0.96) 2.62 0.01

Articaine regimen 45 0.52 (0.20)
First numbness to tooth Mepivacaine 45 3.37 (3.05) 2.62 0.01

Articaine regimen 45 1.96 (1.93)
SD: Standard deviation

Table 2: Comparisons between mean pain injection scores for patients in the mepivacaine and articaine groups flowing buccal 
infiltration and palatal injection

Pain scores Groups Number of patients (n) Mean (SD) t‑test (df=88) P
Postbuccal infiltration Mepivacaine 45 35 (18.23) −4.04 <0.001

Articaine 45 52 (21.23)
Postpalatal injection Mepivacaine 45 51 (17.48) 1.33 0.19

Articaine 45 46 (22.1)
SD: Standard deviation

Figure 1: Clustered Bar charts showing the mean time of first numbness 
to buccal, palatal mucosa, and tooth of patients in the mepivacaine and 
articaine buccal infiltration groups
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injection. Articaine palatal injection was less painful than 
articaine BI.

Comparison of speed of action of local anesthesia with 
extracted teeth morphology
In this study, there were 14 patients who had anterior 
teeth extraction, 34 had upper premolars extraction, and 
42 had molars extraction. Clinically, anesthesia onset time 
was faster in anterior upper teeth than upper middle and 
posterior teeth [Table 4]. Five patients with failure anesthesia 
were found in middle and posterior teeth groups. Teeth 
with multiple roots might need more local anesthetic than 
single‑rooted teeth.

Discussion

The results of this study showed that the patients in articaine 
group recorded earlier palatal mucosa and teeth numbness 
than those in mepivacaine group. These differences were 
statistically significant (P < 0.05). This outcome could 
be considered as good evidence to conclude that the use 
of articaine BI was faster in action than mepivacaine for 
securing pulp anesthesia in maxillary teeth. This result is 
similar to the findings from the study by Gazal, 2015 who 
reported that the clinical advantages for using articaine 
infiltration are including rapid onset, longer duration of 
action, and greater diffusing property over mepivacaine.[3] 
These results can be explained by the fact that articaine is 
amide local anesthesia with a thiophene ring. This aromatic 
ring has greater fat solubility than a benzene ring found 
in mepivacaine. However, articaine has a dissociation 
constant (pKa) of 7.8 and highly protein bound (94%), while 
mepivacaine has pKa of 7.6 and protein binding of 84%.[14] 
In light of these facts, mepivacaine has lower pKa which is 
closer to physiological pH (7.4). This means more uncharged 
base local anesthetic molecules are present to diffuse 
through the nerve sheath and as a consequently faster onset 
time must be achieved.[4,15,16] On the other hand, this study 
revealed that articaine has slightly faster onset time than 
mepivacaine. Although the tissue diffusion characteristics 
of articaine are not well‑understood,[1] there is one possible 
account for the superiority of articaine over mepivacaine in 
terms of onset time of action. The great lipid solubility of 

articaine in additional to its high concentration formula as 
a 4% solution could be the reason for increasing the number 
of uncharged local anesthetic molecules crossing the nerve 
membrane.[3,4,17,18] The result of this study is in consistence 
with the findings of several studies[16,19‑21] that reported the 
success of articaine infiltration in achieving faster onset time 
and more profound level of anesthesia.

Recent evidence has shown that BI with either articaine or 
lidocaine alone for extraction of primary maxillary molars in 
children did not achieve palatal anesthesia. Hence, palatal 
infiltration was needed to complete the whole process of 
tooth extraction without pain.[22]

Two techniques for local anesthetic injection were 
investigated in 52 patients who needed simple extractions 
of bilateral lower first molars teeth by administration 
of 4% articaine with 1:100,000 epinephrine.[20] One side 
extraction was done after administration of buccal and lingual 
infiltrations, while the other side extraction was carried out 
after giving conventional IANB technique. Pain assessments 
were recorded after the injections and teeth extractions by 
both VAS and verbal rating scale. The finding of this study 
revealed that there were no significant differences in the 
level of pain between the two techniques either during the 
administration of local anesthetic or carrying out the teeth 
extraction. Hence, the extraction of lower mandibular teeth 
can be done without the administration of IANB.[20] On the 
other hand, a review study was carried out by Bartlett and 
Mansoor[23] to determine whether the articaine BIs is equal or 
more effective than lidocaine IANBs for securing mandibular 
molars pulpal anesthesia. A full literature search was done 
by the MEDLINE, EMBASE, and Cochrane Central Register 
of Controlled Trials databases. The result of this review 

Table 3: Comparisons between mean postbuccal infiltration and postpalatal injection pain scores for patients in the mepivacaine and 
articaine groups

Groups Pain scores Number of patients (n) Mean (SD) t‑test (df=44) P
Mepivacaine Postbuccal infiltration 45 35 (18.23) −5.024 <0.001

Postpalatal injection 45 51 (17.48)
Articaine Postbuccal infiltration 45 52 (21.23) 1.58 0.121

Postpalatal injection 45 46 (22.01)
SD: Standard deviation

Table 4: Description of onset of pulp anesthesia according to 
tooth pattern

Groups Onset time of pulp anesthesia (min)
Tooth extraction group 2 4 6 8 12 14 Total
Anterior teeth group 10 2 1 1 0 0 14
Middle teeth group 20 6 5 1 1 1 34
Posterior teeth group 25 9 4 1 3 0 42
Total 90
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revealed that the studies present a number of weaknesses 
in their design, so the level of evidence they provide is 
inconclusive. The effectiveness of articaine BIs was not 
stronger than lidocaine IANBs.[23] Moreover, a retrospective 
study was conducted to determine the anesthetic success 
of the IANB, and supplemental articaine BI for molars and 
premolars teeth in patients with symptomatic irreversible 
pulpitis.[24] Two percent lidocaine with 1:100,000 epinephrine 
was administrated to 375 patients presenting with 
symptomatic irreversible pulpitis by the IANB techniques. 
Endodontic treatment which includes endodontic access 
and instrumentation were started once the patient felt 
profound lip numbness. During the endodontic treatments, 
there were 204 patients felt moderate to severe pain and 
an additional BIs of 4% articaine with 1:100,000 epinephrine 
was administered to continue the treatment. The findings of 
this study reported that the success rates for the IAN block 
and supplemental BI of articaine were not high enough 
to guarantee deep anesthesia for mandibular teeth with 
symptomatic irreversible pulpitis.[24]

However, the controversy mentioned above regarding the 
effectiveness of articaine does not affect the results and 
conclusion of this study because mepivacaine and articaine 
BIs were similarly successful in achieving upper teeth 
anesthesia and extraction. However, articaine was slightly 
faster than mepivacaine.

Mepivacaine buccal and articaine palatal injections were more 
comfortable than articaine buccal and mepivacaine palatal 
injections. Upper simple extraction was successful with a 
single buccal injection of 4% articaine.[25] The presence of 
thiophene ring in articaine could be the reason for increase 
its ability to diffuse through the bone and producing palatal 
anesthesia after maxillary BI.[3]

Increased discomfort of injection following 2% mepivacaine 
palatal injection and 4% articaine buccal injection might 
be as a result of speed of injection or patient with needle 
phobia.[26‑28] Meechan reported that the clinical impact of 
articaine’s higher postinjection pain scores than lignocaine 
is negligible.[29]

Finally, one of the interesting findings in this study was 
the failure of anesthesia and, extraction was only reported 
with multiple rooted teeth. Local anesthetic failure is an 
unavoidable aspect of dental practice. Local anesthetic failure 
is an unavoidable aspect of dental practice.[30] A number of 
factors contribute to this, which may be related to either the 
patient or the operator. Patient‑dependent factors may be 
anatomical, pathological, or psychological.[1,31‑33]

Conclusions

This investigation has demonstrated that the BI with 4% 
articaine has rapid onset of action, earlier hard palate, and 
teeth numbness. Articaine palatal injection was significantly 
more comfortable than mepivacaine palatal injection. Failure 
of anesthesia was noticeable with maxillary multiple‑rooted 
teeth.
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