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Abstract 

Aim: This study aimed to evaluate the anaesthetic efficacy of 4% Alexadricaine versus 2% Mepecaine-L for 

infiltration anaesthesia in the extraction of maxillary first primary molars in children. 

Subjects and Methods: The present study is a split-mouth study in which ten children aged from 5 to 7 years 

with bilateral badly decayed maxillary first primary molars indicated for extraction were selected from the 

outpatient diagnostic clinic in Pediatric Dentistry and Dental Public Health Department, Faculty of Dentistry, 

Cairo University. The children’s teeth were randomly assigned to two groups. Group A received 4% 

Alexadricaine and group B received 2% Mepecaine-L for infiltration anaesthesia. The intra-operative pain 

during the extraction was assessed using the Visual Analogue Scale (VAS) and the Sound, Eyes and Motor 

Scale (SEM). Moreover, the onset and duration of soft tissue anaesthesia were objectively evaluated. 

Results: Group A showed slightly higher values of VAS and SEM scale than group B regarding intra-operative 

pain during extraction with a statistically non-significant difference. Regarding the onset of soft tissue 

anaesthesia, both groups had the same mean value (0.25±0.00). Regarding the duration of soft tissue 

anaesthesia, group A (214.00±9.66 minutes) showed a significantly higher mean value than group B 

(162.50±16.87 minutes) with a statistically significant difference (P<0.001). 

Conclusion: Regarding infiltration anaesthesia in the extraction of maxillary first primary molars in children, 

both 4% Alexadricaine and 2% Mepecaine-L can provide similar effective pain control with rapid onset of 

action. However, 4% Alexadricaine has a longer duration of soft tissue numbness than 2% Mepecaine-L. 
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Introduction 

Dental extraction is considered one of the 

most feared and painful procedures in the dental 

field, during which effective pain control is 

needed to build a trusting relationship between 

the child and the dental practitioner (Gazal, 

2018; AAPD, 2020). 

Unsuccessful pain control may result in 

increased sensitivity to pain, delay or avoidance 
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of medical or dental care, and traumatic 

memories that may last during adolescence and 

adulthood (Gaglani and Gross, 2018). 

Pain is a physiological phenomenon with 

a complex nature as it is affected by 

physiological, psychological, behavioural, and 

developmental factors. Pain in children was 

always under-evaluated due to its subjective 

nature. Therefore, pain assessment is important to 

detect a child’s pain and evaluate the 

effectiveness of pain control (Tawycross, 2017). 

Local anaesthesia is the backbone of pain 

control in dentistry. Local anaesthetic agents 

temporarily block the action potential 

transmission along the nerve membrane, which in 

turn blocks pain sensation in a circumscribed part 

of the body without loss of consciousness 

(Garmon and Huecker, 2021). 

Local anaesthetic agents are considered 

the safest drugs to control pain. However, the 

local anaesthetic injection is found to be the most 

feared procedure by the majority of children. 

Therefore, finding the local anaesthetic agent 

with high potency, fast onset of action, and 

adequate duration of anaesthesia will minimize 

the number of injections required to achieve ideal 

pain control (Singh, 2012; Kumar and 

Santhosh, 2015). 

Lidocaine, articaine, and mepivacaine 

are the world’s most commonly used local 

anaesthetic drugs. To the best of our knowledge, 

up till now, there is not enough evidence in the 

literature about the superiority of articaine in 

comparison to mepivacaine in pain control in 

children (Gaffen and Haas, 2009; Gazal, 2018). 

Therefore, this study aimed to evaluate the 

anaesthetic efficacy of 4% Alexadricaine versus 

2% Mepecaine-L for infiltration anaesthesia to 

extract maxillary first prim ary molars in 

children. 

Subjects and methods 

Study Design: 

This study is a randomized controlled 

triple-blinded pilot study with a split-mouth 

design and a 1:1 allocation ratio. 

Trial Registration: 

ClinicalTrial.gov ID: NCT04477317 

Ethical Approval: 

The Research Ethics Committee at the 

Faculty of Dentistry, Cairo University, Egypt, 

granted ethical approval, code number (8-11-

20). 

Eligibility Criteria: 

Inclusion Criteria: 

 Medically fit (ASA I, II). 

 Mentally capable of communication 

(Frankl 3,4). 

 Children aged 5-7 years. 

 First maxillary primary molar needs 

extraction due to root caries “beyond 

possible repair”.  

 First dental visit. 

 The child must give assent prior to 

participation and approved parental 

informed written consent. 

Exclusion Criteria: 

 Children with acute or sub-acute 

dentoalveolar abscess.  

 Children with a history of prolonged 

bleeding, platelet disorders, 

Hyperthyroidism, or hypersensitivity. 

 Patients who had taken analgesics or 

antibiotics in the 12-hrs preceding the 

injection. 

 

Sample Size: 

Within the scope of the current 

systematic search, to date, no clinical trials in 

literature have been performed to compare the 

anaesthetic efficacy of 4% articaine versus 2% 

mepivacaine regarding the intra-operative pain 

during extraction of badly decayed upper first 

primary molars using the Visual Analogue Scale 

as a numerical, not categorical scale. 
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In addition, the intervention (4% 

Alexadricaine) is new and was never used before. 

Therefore, a pilot study is recommended. In 

addition, estimated sample size was suggested 

with a total sample size of 20 teeth (Hertzog, 

2008).  

Grouping: 

The total sample was divided into two equal 

groups as follows: 

Group A (Intervention group): 

Ten children received an infiltration 

injection of 1.7 ml of 4% Alexadricaine 

(equivalent to 1 cartridge) (4% Articaine 

hydrochloride with 1:100,000 Epinephrine) at 

one maxillary quadrant. 

Group B (Control group):  

Ten children received another infiltration 

injection of 1.8 ml of 2% Mepecaine-L 

(equivalent to 1 cartridge) (2% Mepivacaine 

hydrochloride with 1:20,000 Levonordefrin) at 

the maxillary opposite quadrant. 

Study Setting: 

Children aged 5 to 7 years with bilateral 

badly decayed maxillary first primary molars 

indicated for extraction (20 maxillary first 

primary molars) were selected from the 

outpatient diagnostic clinic in Pediatric Dentistry 

and Dental Public Health Department, Faculty of 

Dentistry, Cairo University.  

Informed Consent: 

The aim of the study, a complete 

description of the study methods, and the 

potential adverse effects were explained to the 

parent or the legal guardian in clear language. 

They were allowed to ask any questions about the 

study and choose whether to participate or not. 

Signed informed consent was collected from the 

parent or the legal guardian, and verbal assent 

was obtained from each child participating in the 

study. 

Diagnosis: 

Personal and Medical History: 

The principal investigator collected data 

regarding personal, medical, and dental histories 

from the child and his parent/ legal guardian, 

which were recorded in a specially designed 

diagnostic chart (Newsome, Smales and Yip, 

2012). 

Clinical Examination: 

The principal investigator performed an 

extra-oral and intra-oral examination. The right 

and left maxillary first primary molars were 

examined for the presence of any pathosis and to 

evaluate the clinical restorability of the tooth by 

assessing the extension of proximal caries 

apically (Albannai, 2020). 

Radiographic Examination: 

The principal investigator used the x-ray 

machine to take preoperative intra-oral periapical 

x-rays to the suspected molar using bisecting 

angle technique to confirm that the tooth is 

beyond possible repair and there is no significant 

bone or root resorption  (Almeida et al., 2021). 

Randomization and Allocation concealment: 

The assistant supervisor generated a 

random sequence using computer software 

(www.random.org). The assistant supervisor 

concealed the allocation sequence from the 

principal investigator in sequentially numbered 

opaque sealed envelopes. The envelopes were 

numbered from 1 to 10; each patient took an 

envelope in ascending order. In addition, the 

assistant supervisor assigned the research units to 

the intervention or control groups according to 

the sequence generation table while the principal 

investigator conducted enrollment. 

Blinding: 

The patient, the health care providers 

(including the principal investigator), the 

outcome assessor, and the statistician were all 

blinded in this study. Therefore, it was a triple-

http://www.random.org/
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blinded study. The printed labels on the 

anaesthetic carpules were masked with an 

adhesive opaque paper, and were handed by the 

assistant supervisor to the principal investigator 

after opening the patient envelope. 

Intra-operative procedures: 

1. For buccal infiltration, the principal 

investigator pulled the cheek outward to 

stretch the mucous membrane at the site of 

injection to facilitate needle penetration, the 

needle cap was removed, and the tip of the 

needle was positioned and inserted at the 

muco-buccal fold above the selected molar 

with the needle forming 45° with the long 

axis of the tooth. The needle bevel was 

facing the bone (Malamed, 2019). 

2. Aspiration was performed, and a few 

drops of the solution were deposited 

(Ghavimi et al., 2015). After pausing for a 

few seconds, the needle was advanced to 

touch the bone, then slightly withdrawn, 

and the rest of the anaesthetic solution was 

injected slowly for over 30 seconds till 1.5 

ml of the solution was injected (Abdellatif, 

2011; Jung et al., 2017; Jayakaran, 

Vignesh and Shankar, 2019). 

3. The intra-papillary injection was 

performed after ensuring numbness of the 

buccal mucosa. 0.2-0.3 of the anaesthetic 

solution was injected slowly into the mesial 

and the distal interdental papillae. The 

needle was inserted horizontally at the 

buccal side of the papillae 2 mm apical to 

the tip of the papillae parallel to the occlusal 

plane. It was advanced until reaching the 

papillae's palatal side, causing blanching of 

the tissues (Abdellatif, 2011). 

4. Immediately after injection, the onset of 

the soft tissue numbness was objectively 

assessed by probing the buccal and the 

palatal gingival sulci at intervals of 15 

seconds using a stopwatch (Gazal et al., 

2017). Another stopwatch was adjusted to 

calculate the duration (Barath et al., 2015).  

5. The principal investigator held the upper 

primary molar forceps parallel to the long 

axis of the maxillary first primary molar. 

The initial movement was in the apical 

direction to obtain a solid apical grip 

through the engagement of the trifurcation 

of the molar. Then, buccal and palatal 

luxation movement was done steadily with 

reasonable force to expand the bony socket. 

After complete luxation of the tooth, the 

final move was to deliver the tooth in an 

occluso-buccal direction to avoid injuring 

the opposing teeth (Albannai, 2020). 

6. After tooth delivery, the child was asked 

to bite on a small sterile piece of gauze 

placed at the extraction site for 30 minutes. 

Post extraction instructions were explained 

to the parent/ legal guardian in simple 

words (AAPD, 2020). 

7. Two weeks after the extraction visit, the 

child came to the clinic to anesthetize and 

extract the contra-lateral maxillary first 

primary molar using the other type of local 

anesthetic agent by the principal 

investigator with the same clinical steps 

(Ege et al., 2020). 

 

Assessment of outcomes: 

1. Intra-operative pain assessment scales: 

 Visual analogue scale: 

Immediately after the extraction 

procedure, the Visual Analogue Scale was shown 

and explained to the child as it is a 10 cm (100 

millimetres) scale with two anchor words on its 

ends, the left end represents “no pain”, and the 

right end represents “the worst pain”. The child 

was asked to put a mark that indicated how much 

pain he felt during the extraction. The distance 

between the mark and the left end of the scale was 

measured and recorded in millimetres (Langley 

and Sheppeard, 1985; Jain and Nazar, 2018). 
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Sound Eyes Motor scale: 

The extraction procedure was videotaped 

by a trained assistant standing 1 meter away from 

the child. The principal investigator and the 

assistant supervisor blindly and objectively 

evaluated the child’s reactions during the 

extraction to achieve inter-rater reliability. Both 

assessed the child’s reactions on more than one 

occasion to ensure intra-rater reliability (Abdul 

Khalek et al., 2017).  

The Sound, Eyes, and Motor Scale is an 

objective scale that evaluates the child’s pain 

based on three aspects: sound, eyes, and 

movement. Each category ranged from 1 

(comfort) to 4 (severe discomfort). The scores of 

the four categories were summed up to give the 

total score, which was then recorded and 

tabulated (Wright et al., 1991; Abdelmoniem 

and Mahmoud, 2016).  

 

2. Onset of soft tissue anaesthesia: 

Immediately after the buccal infiltration 

and palatal intra-papillary injection, a stopwatch 

was adjusted to evaluate the beginning of soft 

tissue numbness. The principal investigator used 

the dental probe to objectively assess the 

numbness of buccal and palatal gingival sulci 

immediately after injection and at 15-second 

intervals until the child feels no pain (Gazal et 

al., 2017; Afsal et al., 2019). 

3. Duration of soft tissue anaesthesia: 

Immediately after the anaesthetic 

injection, another stopwatch was adjusted to 

evaluate the duration of soft tissue anaesthesia. 

The principal investigator assessed the duration 

objectively and blindly in the clinic. After 

extraction, the principal investigator probed the 

buccal and the palatal gingival sulci to check 

numbness. The probing testing was then repeated 

every 30 minutes until the child felt a blunt 

sensation, then repeated every 10 minutes until he 

felt slight pain. The duration of soft tissue 

anaesthesia was calculated from the onset of soft 

tissue anaesthesia to the time numbness 

disappeared (Barath et al., 2015). 

Statistical Analysis: 

           Categorical data were presented as 

frequency and percentage values. Numerical data 

were presented as mean and standard deviation 

values. Parametric data were analyzed using 

paired t-test. Non-parametric data were analyzed 

using Wilcoxon signed-rank test. Associations 

were analyzed using the Mann-Whitney U test. 

Correlations were analyzed using Spearman’s 

rank-order correlation coefficient. The 

significance level was set at p≤0.05 within all 

tests. Statistical analysis was performed with R 

statistical analysis software version 4.1.2 for 

Windows. 

 

Results 

1. Demographic data: 

Age and gender distribution 

        Ten children were included in the present 

study. The mean age of the participants was 

(5.82±0.75) years. Among the participants, 

8(80.0%) children were males, and 2(20.0%) 

were females. 

2. Intra-operative pain: 

Visual analogue scale (VAS) 

Regarding the Mean and Standard 

deviation values for VAS, Group (A) had a higher 

score (18.50±15.99) than Group (B) 

(16.00±15.78), as shown in figure (1). Yet, the 

difference was not statistically significant 

(p=0.423). 

Sound Eye Motor scale (SEM) 

Regarding the Mean and Standard 

deviation values for SEM (average between the 

two assessors), Group (A) (6.40±2.86) had a 

higher score than group (B) (5.40±2.72), as 

shown in figure (2). Yet, the difference was not 

statistically significant (p=0.100). 

Inter-Rater reliability 
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      Regarding the Inter-Rater reliability, 

there was a strong agreement between both 

raters 0.987[0.968:0.995]. 

 

3. Onset of anaesthesia: 

           Regarding the Mean and Standard 

deviation values for the onset of anaesthesia, both 

groups had the same mean value (0.25±0.00), as 

shown in figure (3). 

 

4. Duration of anaesthesia: 

          Regarding the Mean and Standard 

deviation values for the duration of anaesthesia, 

Group (A) (214.00±9.66) had a significantly 

higher value than group (B) (162.50±16.87) 

(p<0.001), as shown in figure (4). 

5. Associations and correlations 

Associations with gender: 

Regarding the associations with gender, 

there was no significant association between 

gender and different parameters for both groups 

(p>0.05). 

Correlations with age: 

Regarding the correlations with age, for 

both groups, there was a significant moderate 

negative correlation between age and anaesthesia 

duration (p<0.05). However, for other 

parameters, there was no significant correlation 

(p>0.05). 

Discussion 

           Local anaesthesia is the cornerstone of 

pain control in dentistry. The statistical analysis 

of the present study data showed no statistically 

significant difference in intra-operative pain 

during the extraction procedure between group A 

(4% Alexadricaine) and group B (2% Mepecaine-

L) using the Visual Analogue Scale. This result is 

in line with Almeida et al. (2020). They stated no 

statistically significant difference between 4% 

articaine and 2% mepivacaine regarding pain 

perception using VAS during third molar 

extraction. 

In contrast to the previous finding, 

Bortoluzzi et al.(2008) stated that 4% articaine 

was better than 2% mepivacaine regarding the 

depth of anaesthesia using VAS. Gao and Meng 

(2020) found that articaine was superior to 

mepivacaine and lidocaine as a supplemental 

buccal infiltration after Inferior Alveolar Nerve 

Block for endodontic treatment using VAS. On 

the other hand, another study by Bortoluzzi et al. 

(2018) revealed that 2% mepivacaine was better 

than 4% articaine regarding anaesthetic depth and 

extent using VAS. 

Regarding the evaluation of intra-

operative pain during extraction using the Sound, 

Eyes, and Motor scale, there was no statistically 

significant difference between group A (4% 

Alexadricaine) and group B (2% Mepecaine-L), 

which is consistent with Wright et al. (1991) 

who stated that the difference of intra-operative 

pain scores using SEM scale between 4% 

articaine and 2% mepivacaine for infiltration 

anaesthesia in mandibular primary molars was 

statistically insignificant. Moreover, Hosny, Abd 

Al Gawad, and Aly (2021) revealed no 

statistically significant difference in intra-

operative pain, using the SEM scale, between 4% 

Artpharmadent and 2% Mepecaine-L for 

infiltration in the extraction of mandibular 

primary first molars. 

 

The inter-rater reliability of the SEM 

values was statistically calculated using the Intra-

class Correlation Coefficient (ICC) and Cohen’s 

Kappa. Concerning the inter-rater reliability, 

there was a strong agreement (0.987) between the 

first and the second assessors regarding SEM 

scores of the intra-operative pain, indicating the 

high reliability of the findings. This can be 

attributed to the training of the two assessors 

before study enrollment (Abdul Khalek et al., 

2017). 
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Figure (1) Bar chart showing the average VAS in both groups. 

 

 

 

Figure (2) Bar chart showing average (SEM) (Average) in both groups. 
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Figure (3) Bar chart showing average anesthesia onset (minutes) in both groups. 

 

 

Figure (4) Bar chart showing the average anesthesia duration (minutes) in both groups. 
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          The contradicting findings concerning the 

difference in intra-operative pain between 4% 

articaine and 2 % mepivacaine could be justified 

as each agent has distinct properties which can 

make it superior to the other in different studies. 

The better performance of articaine in some 

studies could be attributed to its greater lipid 

solubility as it includes a thiophene ring in its 

chemical structure which facilitates the diffusion 

of articaine molecules across the lipid membrane 

of the nerve cell, giving it high potency and depth. 

Another cause could be the higher concentration 

of articaine solution than mepivacaine. The 

superiority of mepivacaine in some studies could 

be explained that there are more mepivacaine 

molecules in the unionized soluble form, which 

means that more molecules can travel through the 

nerve cell membrane (Gazal, 2018; Gao and 

Meng, 2020). 

Regarding the anaesthetic onset of 

action, both groups had the same onset 

(0.25±0.00 minute). No statistically significant 

difference was found between group A (4% 

Alexadricaine) and group B (2% Mepecaine-L) 

(0.25±0.00 minute). This was in the same line as 

Odabaş et al. (2012). They found that the 

difference in onset of anaesthesia between 4% 

articaine and 3% mepivacaine (epinephrine free) 

was statistically insignificant in children aged 

from 7 to 13 years. 

On the other hand, Gazal (2015) stated 

that 4% articaine group showed earlier numbness 

of the lip and teeth than 2% mepivacaine group in 

supplemental buccal infiltration anaesthesia in 

mandibular teeth in adults. Yekta-Michael, Stein 

and Marioth-Wirtz (2015) found that plain 

articaine has a faster onset than plain 

mepivacaine in anaesthesia of maxillary canine. 

Gazal et al., (2017) and (2018) declared that the 

onset of teeth and palatal soft tissue anaesthesia 

was faster in the 4% articaine group than the 2% 

mepivacaine group using buccal infiltration for 

extraction of maxillary teeth in adults.  

These contradicting results regarding 

onset could be attributed to specific 

characteristics of each local anaesthetic agent. 

For example, Mepivacaine has the lowest pKa 

(7.6) of all local anaesthetic agents, which is very 

close to the physiological pH (7.4). Therefore, in 

the normal tissue pH, more drug molecules are 

available in unionized form (lipid-soluble form), 

which can diffuse easily through the nerve cell 

membrane (lipid in nature) and fasten the onset of 

action (Malamed, 2019). On the other hand, 

articaine has a unique chemical structure since it 

contains a thiophene ring which increases lipid 

solubility and enhances the diffusion through the 

nerve cell membrane resulting in faster onset. 

Additionally, the articaine used was higher in 

concentration (72 mg) than mepivacaine (36 mg) 

(Gazal, 2015). 

Regarding the duration of soft tissue 

numbness, the duration was longer for group A 

(4% Alexadricaine) (214.00±9.66 minutes) than 

for group B (2% Mepecaine-L) (162.50±16.87 

minutes), and the difference was statistically 

significant (P<0.001). This was consistent with 

Colombini et al. (2006), who declared that 4% of 

articaine has a longer duration of anesthesia than 

2% mepivacaine in mandibular third molar 

extraction. Odabaş et al. (2012) found that 4% 

articaine has a longer duration than 3% 

mepivacaine (epinephrine free) in 7–13-year-old 

children.  

 The result of this study was inconsistent 

with Bortoluzzi et al. (2018), who stated that 2% 

mepivacaine showed longer duration than 4% 

articaine. 

The longer duration of articaine in some 

studies could be justified that articaine has the 

highest protein binding percentage (94%) of all 

amides based on its chemical properties. 

Therefore, it takes more time for the drug to be in 

its free form to undergo metabolism. Moreover, 

articaine is highly lipid-soluble because of the 

thiophene ring, which allows more drug 
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molecules to pass through the lipid layer of the 

nerve membrane (Kambalimath et al., 2013; 

Mumba, Kabambi and Ngaka, 2017). 

The longer duration of mepivacaine in a 

few studies could be explained that the 

mepivacaine itself has the mildest vasodilating 

effect of all local anesthetic agents. The higher 

the vasoconstriction; the longer the duration since 

drug absorption into blood circulation decreases 

with increasing constriction of the blood vessels 

(Bortoluzzi et al., 2018). 

For both groups, there was a significant, 

moderate, negative correlation between the 

child’s age and anesthesia duration, which means 

that the duration of the local anesthesia increased 

with decreasing age. This could be explained as 

many anatomical and physiological changes 

occur during childhood which may affect the 

pharmacokinetics of the drug regarding drug 

absorption, distribution, and metabolism 

(Batchelor and Marriott, 2015). 

Limitation of the study: 

          Generalizing the study results is difficult 

and should be performed with caution as this is a 

pilot study with a limited number of participants. 

CONCLUSIONS: 

1. Both 4% Alexadricaine and 2% 

Mepecaine-L can be used effectively in 

pain control during the extraction of 

maxillary primary molars in children.  

2. 4% Alexadricaine has a longer duration 

of soft tissue numbness than 2% 

Mepecaine-L. 

3. The child’s age was found to have a 

significant, moderate and negative 

correlation with the duration of 

anesthesia for both local anesthetic 

agents. 
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