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ABSTRACT 

Objective: This study aimed to evaluate whether buccal infiltration anesthesia with sodium bicarbonate-

buffered articaine provides comparable or superior anesthetic efficacy to traditional inferior alveolar nerve 

block (IANB) in mandibular molar preparations, while minimizing complications and enhancing patient 

comfort. 

Materials and Methods: A randomized clinical trial was conducted with 75 healthy adult participants 

requiring mandibular molar prosthetic treatment. Patients were randomly assigned to three groups:Group 

M: IANB with 4% articaine + 1:100,000 epinephrine; Group I: Buccal infiltration with the same articaine 

formulation; Group SB: Buffered buccal infiltration (2% articaine + 0.84% sodium bicarbonate + 1:200,000 

epinephrine). Pain was measured using Visual Analog Scale (VAS1: during treatment, VAS2: next day), and 

heart rate was monitored before and during the procedure.  

Results: VAS1 scores were significantly higher in Group I (p < .001), indicating more pain during treatment. 

Group SB had significantly lower VAS2 scores, reflecting reduced postoperative discomfort. No significant 

differences in heart rate were found across groups. 

Conclusions: Buffered articaine with sodium bicarbonate used for buccal infiltration in mandibular molars 

showed anesthetic efficacy comparable to IANB, with less pain and fewer complications. This approach may 

serve as a safer and more comfortable alternative to nerve block anesthesia in routine prosthetic procedures. 
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control 

 

Received: 17 June 2025 

Revised: 15 July 2025 

Accepted: 24 July 2025 

Published: 22 September 2025 

 

 

 

Copyright: © 2025 by the 

authors. Published by Aydın 

Adnan Menderes University, 

Faculty of Medicine and 

Faculty of Dentistry. This article 

is openly accessible under the 

Creative Commons 

Attribution-NonCommercial 

4.0 International (CC BY-NC 

4.0) License. 

https://orcid.org/0000-0002-8280-8577
https://orcid.org/0000-0002-6690-3267


  

 
 September 2025 26(3):356-362 

 

 

Meandros Medical and Dental Journal 

 doi: 10.69601/meandrosmdj.1721467 

 

357 

 

INTRODUCTION 
 

Although infiltration anesthesia is commonly used for 

dental procedures in the maxilla, it may be insufficient for 

posterior mandibular procedures due to the dense cortical 

bone structure of the mandible. The inferior alveolar nerve 

block (IANB) represents the most commonly employed 

anesthetic technique for achieving mandibular molar 

anesthesia during dental procedures. However, 

complications such as pain, trismus, facial nerve paresis, 

and lingual nerve injury may ocur (1). Moreover fear of 

pain associated with dental injections is a primary factor 

contributing to patients avoiding dental visits and 

canceling scheduled appointments. Effective management 

of pain and related anxiety is essential during the 

administration of local anesthesia. Research indicates that 

50% of adult patients fail to attend their dental 

appointments due to pain-related anxiety (2,3). 

 

The acidic pH of local anesthetic (LA)  solutions enhances 

their solubility and ensures prolonged stability 

(4).Research has explored the effect of increasing the pH of 

LAs on reducing injection pain by buffering these 

solutions with sodium bicarbonate (5-7). It has been 

proposed that alkalizing LAs with sodium bicarbonate not 

only minimizes injection discomfort but also accelerates 

the onset of anesthesia. This effect is attributed to an 

increase in the dissociation rate of the anesthetic molecules, 

subsequently enhancing the concentration of the non-

ionized, active form that can efficiently penetrate the nerve 

membrane and reach the intraneuronal region (5-7). 

 

The majority of studies on the buffering of LA solutions in 

dentistry focus on lidocaine and the IANB technique (8). 

In contrast, articaine—one of the most commonly used 

anesthetics in dental practice—differs significantly from 

other amide LAs due to its unique thiophene ring 

structure, which has not been extensively investigated. 

The distinct physicochemical characteristics of articaine, 

including enhanced lipid solubility and strong protein 

binding, are associated with its superior anesthetic 

potency (9,10). Commercial articaine formulations for 

dental use typically contain epinephrine at concentrations 

of 1:100,000 or 1:200,000 and are maintained at a low pH 

for the reasons previously discussed. This prompts a 

critical inquiry: Could buffering improve the anesthetic 

efficacy of articaine? Enhancing the diffusion 

characteristics of buffered articaine may present a 

promising alternative for achieving effective infiltration 

anesthesia in mandibular molars, potentially minimizing 

the reliance on IANB (11,12). 

 

Most studies about buffered local anesthetics in the 

literature have focused on the anesthesia of teeth that will 

undergo surgical and endodontic treatment(3,8-11). In 

most of these studies, the buffering effect of bicarbonate on 

the acidic environment has been emphasized since there is 

infection in the teeth. As far as the researchers know, this 

study is the first to investigate the effectiveness of 

bicarbonate for prosthetic purposes.  In addition, the aim 

of this study is to observe the effectiveness of infiltration 

anesthesia in the lower jaw by adding bicarbonate and to 

increase the comfort of the patient and the physician by 

performing infiltration anesthesia with less risk of 

complications. This study hypothesizes that bicarbonate-

buffered buccal infiltration anesthesia (BBIA) provides 

comparable anesthetic efficacy to traditional mandibular 

block anesthesia for mandibular molars during tooth 

preparation. 

 
MATERIALS AND METHODS 
 

This randomized clinical study was designed to compare 

the efficacy of three different anesthetic techniques in 

patients undergoing mandibular molar preparation. The 

study protocol was approved by the institutional ethics 

committee and Turkish Medicines and Medical Devices 

Agency (TITCK) and written informed consent was 

obtained from all participants prior to their inclusion in the 

study. 

 

The required sample size was determined based on a 

previous report (13) by using G*Power analysis (G*Power, 

v. 3.1.9.2, Düsseldorf, Germany) with a large effect size of 

0.4. Seventy-five healthy subjects were included in this 

study. The inclusion criteria were: 

1. Healthy patients of both genders over the age of 18 

years. 

2. Periodontally healthy, caries-free and vital lower 

molars with crown or bridge indication 

The exclusion criteria were: 

1. Subjects taking any medication such as analgesics, 

narcotics, sedatives, or antidepressants or alcohol 

consumption that may affect anesthetic assessment. 

2. Female patients during pregnancy or lactation 

3. Third molars or previously prepared teeth 

Patients were informed about study and randomly 

divided into three groups; 

Group 1 (M): Mandibular nerve block anesthesia with 4% 

articaine containing 1:100,000 epinephrine  

Group 2 (I): Buccal infiltrative anesthesia (BIA) with 4% 

articaine containing 1:100,000 epinephrine  
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Group 3 (SB): Buccal infiltrative anesthesia with a buffered 

formulation consisting of 4% articaine with 1:100,000 

epinephrine mixed with 1.68% sodium bicarbonate.  

All anesthetic solutions were prepared by the same 

operator (H.Ş.) immediately prior to tooth preparation 

under sterile conditions. The buffered solution was 

prepared by discarding 0.9 mL of the original articaine 

solution and replacing it with 0.9 mL of the diluted sodium 

bicarbonate, resulting in a final solution of 2% articaine 

with 1:200,000 epinephrine and 0.84% sodium bicarbonate. 

Before administering local anesthesia, each patient’s 

baseline pulse rate was recorded using a fingertip pulse 

oximeter (P1). It was placed on the right index finger of the 

patient. Anesthesia was then performed according to the 

group assignment, and tooth preparation was initiated 

approximately five minutes later. After the start of the 

preparation, a second pulse rate measurement was taken 

to assess changes possibly associated with pain or 

discomfort during the procedure (P2). 

 

Upon completion of the procedure, patients were asked to 

rate the intensity of pain experienced during the 

intervention using a Visual Analog Scale (VAS [VAS1]). 

Additionally, patients were recalled the following day for 

placement of the provisional restoration, during which 

they were again asked to rate any delayed postoperative 

pain using the VAS (VAS2). The VAS scale ranges from 0 

to 10. 0 represents no pain, while 10 represents the worst 

possible pain. 

 

All injections and tooth preparations were applied by the 

same experienced clinician (G.A.D.). The injection rate was 

maintained at approximately 1 mL/min, with using the 26-

gauge needle in accordance with clinical guidelines. In 

addition, a double-blind approach was adopted, meaning 

neither the patient nor the clinician knew whether sodium 

bicarbonate had been added to the anaesthetic solution. 

 

RESULTS 
 
Seventy-five participants (39 women and 36 men) aged 

between 18 and 76 years (mean: 48.83 years) were included 

in the study, Table 1 lists the age and gender information 

of the groups. 

 

Table 1. Age and gender information of the groups 

 

Table 2 shows the mean VAS1 and VAS2 scores for each 

group. VAS1 scores were highest in the I group (p < .001). 

The difference between SB and M was non-significant (p 

= .230).  For VAS2, the M and SB groups had the highest 

and lowest scores, respectively (p < .05). 

 

Table 2. Mean ± SD VAS scores of the group values 

 

The mean heart rate before and during tooth preparation 

is listed in Table 3. No statistically significant differences 

in heart rate were observed between the groups. 

Table 3. Mean ± SD heart rate before and during tooth preparation 

 P1 P2 

M 76.72 ± 5.59 a 77.44 ± 5.77 a 

I 78.16 ± 9.77 a 78.80 ± 8.73 a 

SB 77.68 ± 7.98 a 78.16 ± 7.90 a 

 

DISCUSSION  
 

This study tested the hypothesis that provides comparable 

anesthetic efficacy to the conventional mandibular block 

technique for mandibular molars during tooth preparation, 

and the findings support this hypothesis by 

demonstrating that BBIA is a clinically effective and 

patient-friendly alternative. 

 

Oral anesthesia is frequently associated with pain, 

primarily attributed to the acidic nature of anesthetic 

solutions (13). The concept of alkalinizing local anesthetics 

by adding sodium bicarbonate was first introduced by 

Louis Bignon in 1892 (14).  

 

The reduction in pain associated with the infiltration of 

buffered local anesthetics may be attributed to the 

elevation of the solution’s pH toward the physiological 

range (7.0–7.4), thereby minimizing tissue irritation 

caused by more acidic formulations (15). In a study by 

Gupta et al., the mean pain score on the visual analog scale 

(VAS) was reported as 3.4 for non-buffered anesthetics 

(NBA) and 0.44 for buffered formulations (16). Similarly, 

Arora et al. demonstrated a statistically significant 

difference in injection pain between buffered and NBA 

groups (P = 0.025) (17). Christoph et al. reported a highly 

significant reduction in pain (P < 0.000001), with NBA 

anesthesia being 2.8 times more painful than its buffered 

counterpart (18). 

 

 
Age (Mean ± SD) Gender (Female/Male) 

M 49.56 ± 14.46  14 (56%) / 11 (44%) 

I 53.36 ± 16.43  14 (56%) / 11 (44%) 

SB 43.56 ± 14.82  11 (44%) / 14 (56%) 

 VAS1 VAS2 

M 0.96 ± 0.98 a 3.92 ± 2.16 c 

I 4.72 ± 2.59 b 1.60 ± 1.26 b 

SB 1.72 ± 1.28 a 0.64 ± 0.81 a 
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Moreover, Bunke et al. and Senthoor et al. both observed a 

significant reduction in pain upon administration of 

buffered local anesthetics (P < 0.05 and P < 0.1, respectively) 

(19,20). According to Kattan et al., buffering increases the 

likelihood of achieving successful anesthesia by 2.29 times 

(15). Gorrela et al concluded that buffered anesthetics not 

only reduce injection pain but also lead to faster onset and 

prolonged duration of action (15). 

 

In the present study, pain experienced during tooth 

preparation was evaluated using a visual analog scale 

(VAS). The mean VAS score was 1.72 in the Group SB, 4.72 

in the Group I, and 0.9 in Group M. While no statistically 

significant difference was found between Group SB and 

Group M, the Group I demonstrated a significantly higher 

pain score, indicating a less effective pain control 

compared to the other two techniques. Saber et al. 

conducted a CBCT study analyzing the relationship 

between the roots of mandibular posterior teeth and 

surrounding anatomical structures (21). According to their 

findings, buccal bone thickness increased in the posterior 

direction, while the mandibular canal was found to be 

closer to the tooth roots. Notably, the highest buccal bone 

thickness was observed in the distal roots of second molars. 

However, despite this anatomical variation, our study did 

not reveal any significant differences between the first and 

second molars in any of the groups. 

 

According to a systematic review conducted by Kattan et 

al., buffered local anesthetic solutions demonstrated 

superior efficacy compared to their non-buffered 

counterparts in providing anesthetic efficacy in both 

arches for teeth affected by pulpal pathology. The 

application of buffered anesthetics was linked to a 2.29-

fold increase in the probability of achieving successful 

anesthetic outcomes (22). In their study on mandibular 

posterior teeth with symptomatic irreversible pulpitis, the 

authors compared the anesthetic efficacy of buffered and 

non-buffered 2% lidocaine with 1:80,000 epinephrine. 

They found that buffering did not improve the success rate 

of the inferior alveolar nerve block in these patients (23). 

Saatchi et al. reported that a BIA with 0.7 mL of 8.4% 

sodium bicarbonate significantly increased the success 

rate of lidocaine-based inferior alveolar nerve blocks 

(IANBs) in mandibular first molars with symptomatic 

irreversible pulpitis (24). 

 

Previous studies involving bicarbonate-buffered local 

anesthetics have primarily focused on endodontic or 

surgical procedures (3,8-11,23,24). Consequently, it 

remains unclear whether the target teeth or surrounding 

tissues in those studies were affected by infection at the 

time of anesthetic administration, which may influence 

anesthetic efficacy. In contrast, the present study 

specifically evaluated the effectiveness of bicarbonate-

buffered BIA during tooth preparation in clinically healthy 

teeth and surrounding tissues. BBIA demonstrated 

significantly superior outcomes compared to its NBA 

counterpart. In a subset of patients (n=3) who received 

only NBA, insufficient anesthesia was achieved, resulting 

in intraoperative pain that necessitated additional 

mandibular nerve block administration. Although there 

was no statistically significant difference between Group 

SB and Group M in terms of anesthetic success, both 

groups achieved adequate anesthesia and reported low 

pain scores on the VAS scale. 

 

Compared to lidocaine, articaine provides superior 

anesthetic outcomes when employed as a BIA for 

mandibular first molars (25). In their study involving 

asymptomatic subjects with normal pulps, Shurtz et al. 

found that buffered articaine offered no significant benefit 

over non-buffered articaine in terms of anesthetic success, 

onset time, or injection pain during primary BIA of the 

mandibular first molar (25). 

 

BIA is suggested to enhance both the onset and efficacy of 

anesthesia (26,27) . This improvement is attributed to the 

adjustment of the solution’s pH closer to the anesthetic’s 

pKa (26,27), which increases the proportion of the 

nonionized form available to penetrate the nerve sheath, 

thereby facilitating a faster onset and higher success rate 

(26). Consequently, buffering a 4% articaine solution may 

potentially improve the anesthetic effectiveness of BIA in 

the mandibular first molar regionIn alignment with these 

studies, the buffered articaine used in our study also 

demonstrated successful outcomes in achieving effective 

anesthesia. 

 

Contrary to a previous study reporting that women 

experienced greater dentin hypersensitivity than men 

before and after tooth preparation (28), no significant 

gender-related differences were observed in the current 

study. Further studies are needed to explore this issue 

from a gender perspective. In the evaluation of post-

anesthetic comfort using VAS2, a statistically significant 

difference was found among all groups. Patients in Group 

SB reported the highest comfort scores, whereas Group M 

was rated as the least comfortable. This may be attributed 

to the numbness of the tongue typically associated with 

mandibular anesthesia, which can negatively affect patient 

comfort. 
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In their study investigating ethnic differences in pain 

perception and the use of local anesthesia during tooth 

drilling, Moore et al. reported that Chinese dentists often 

refrained from administering anesthesia, as they described 

the drilling sensation as suan or "sourish," whereas 

injections were perceived as more "painful." In the present 

study, the bicarbonate-buffered group demonstrated the 

lowest scores in post-preparation discomfort assessment, 

indicating the highest level of patient comfort (29). While 

techniques such as the application of topical anesthetics 

prior to injection may help reduce the discomfort that 

patients often associate with the term "painful," this 

strategy may be less effective in mandibular anesthesia. 

This is likely due to the deeper tissue penetration required 

for mandibular nerve blocks, which may limit the efficacy 

of topicals in enhancing patient comfort during this 

procedure.  

 

The correlation between pain and alterations in vital 

signs—specifically tachycardia and hypertension—is a 

well-established concept in internal medicine (30). In 

clinical rehabilitation settings, heart rate (HR) is often 

employed as an additional objective indicator of pain, 

based on the assumption that elevated pain levels are 

accompanied by an increase in HR (31). 

 

Although studies examining the physiological response to 

pain in small groups of healthy individuals have reported 

an increase in HR following exposure to noxious stimuli 

(31), other studies have indicated that the relationship 

between pain and HR may vary among individuals (32). 

Dayoub et al. reported no correlation between self-

reported pain scores and HR in patients presenting to the 

emergency department (30). Similarly, in the present 

study, where the relationship between pain and heart rate 

was also assessed, no statistically significant difference 

was found between the pre- and post-tooth preparation 

pulse measurements. In their study, Tousignant-

Laflamme et al. (31) reported that experimentally induced 

pain in healthy individuals increased HR  by 11%, and a 

significant correlation was found between HR and pain 

intensity (r = 0.50, P < .001). In the current study, however, 

HR measurements taken before and during the procedure 

did not reveal any statistically significant differences. This 

discrepancy may be attributed to methodological 

differences; whereas Tousignant et al. applied a 

continuous 2-minute painful stimulus to the participants' 

right hand, in the present study, the tooth preparation was 

halted as soon as the patient reported pain, resulting in a 

relatively shorter exposure to nociceptive stimuli. 

Furthermore, Tousignant et al. noted that a positive 

relationship between heart rate and pain perception was 

found only in male participants, suggesting that heart rate 

may not be a clinically relevant indicator of pain 

perception in female patients. However, in the present 

study, no statistically significant difference was found 

between male and female participants in any of the groups. 

This study has certain limitations that should be 

acknowledged to better contextualize the findings. Firstly, 

the relatively small sample size may restrict the 

generalizability of the results to broader populations. 

Secondly, pain perception was assessed using the Visual 

Analog Scale (VAS), a subjective method that can be 

influenced by individual pain thresholds, anxiety levels, 

and prior dental experiences. Moreover, the short follow-

up period and exclusion of patients with complex medical 

conditions may further limit the applicability of the 

conclusions. To address these issues, future studies with 

larger and more diverse patient populations are needed, 

ideally incorporating pharmacokinetic analyses to 

objectively evaluate the efficacy and safety of buffered 

anesthetic solutions. 

 

CONCLUSION  
 
Buffered buccal anesthesia during molar preparation 

represents a safe, straightforward, and clinically effective 

technique that can be routinely implemented to improve 

patient comfort and procedural experience. Due to its ease 

of administration and reduced risk of adverse effects 

compared to more invasive techniques such as 

mandibular nerve block, it presents a favorable alternative 

for both clinicians and patients in routine dental practice. 
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