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Original Article ‑ Comparative Study

Introduction

Local anaesthetics form the backbone of pain control techniques 
in dentistry. They are the only drugs that prevent the nociceptive 
impulse from reaching the patient’s brain.[1] Despite numerous 
advances in dentistry, successful pain control during injection 
still poses a challenge. Anxiety and fear associated with the pain 
of local anaesthetic injection still remain one of the main reasons 
for the refusal of further dental treatment. Reducing pain during 
surgical procedures is beneficial for patients and surgeons alike. 
Commercially available local anaesthetics are acidic solutions 
formed by adding hydrochloride to maximise their water solubility 
and chemical stability. This increases their shelf life.[2] The pH 
of local anaesthetic solutions without epinephrine is about 6.5; 
epinephrine containing local anaesthetic solutions has a pH in the 
range of about 3.5–4.4. Two ionic forms of the local anaesthesia 
exist in equilibrium within an anaesthetic cartridge, RN (the 
uncharged, deionised, active free base form which is lipid soluble) 
and RNH+ (the charged or ionised cationic form, which is not 
lipid soluble).[1] It is believed that only the uncharged form of the 

local anaesthetic is capable of diffusion through interstitial tissues 
and transport across the nerve membrane.[3,4] The relative amounts 
of deionised and ionised forms of local anaesthetic are dependent 
on the pH of the solution, in accordance with the Henderson–
Hasselbalch equation. For instance, at a pH of 3.5, 99.996% of 
the lidocaine hydrochloride is in (RNH+) ionised form, while 
only 0.004% will be in the (RN) deionised form. Only after the 
body buffers the pH of the anaesthetic solution closer towards the 
physiologic range (7.35–7.45) does the anaesthetic action begin to 
take effect. The time that this transformation requires is a key factor 
in anaesthetic latency.[1] Most amides are chemically unstable in 
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deionised form, being subject to photodegradation, aldehyde 
formation and other denaturing reactions.[5] This reduces the 
storage shelf life and solubility of the local anaesthesia. However, 
due to the acidic nature of the solution, local anaesthetics suffer 
a number of drawbacks, such as vasopressor sting on injection, a 
varying degree of post‑injection tissue injury, a relatively slower 
onset and pain during palatal injections due to the tight binding 
of palatal mucosa to its underlying periosteum.[1,6] A number of 
methods were suggested to counteract these drawbacks, including 
the usage of a thin needle for injection, altering the temperature of 
the anaesthetic solution and buffering or alkalinisation of the local 
anaesthetic solution.[7] Alkalinisation refers to the addition of a 
planned amount of a basic solution to the local anaesthetic solution 
before injecting it into the target tissues.[2] The above drawbacks 
can be addressed by anaesthetic buffering, which is known to 
eliminate the sting, decrease tissue injury and reduce latency.[1]

The concept of buffering has not gained popularity in dentistry, 
although it has been widely used in other medical fields.[8] A 
few studies related to dentistry reported the usage of buffering 
in regional nerve blocks.[9,10] Therefore, this study was aimed 
at comparing the efficacy of buffered and non‑buffered local 
anaesthesia in the extraction of maxillary molar teeth in relation 
to pain on local infiltration, the onset of local anaesthesia and 
the duration of action of local anaesthesia.

Materials and Methods

This prospective randomised controlled trial was done in 
the Department of Oral and Maxillofacial Surgery between 
4th  January 2021 and 15th  July 2021 on 100  patients from 
the Telangana region who required bilateral extraction of 
maxillary molar teeth. All procedures performed in the study 
were conducted in accordance with the ethics standards 
given in the 1964 Declaration of Helsinki, as revised in 2013. 
The Institutional Ethical Committee approval for the study 
was obtained  (MNR‑EC/INST/2020/1169) and was done 
in accordance with the consolidated standards of reporting 

trials [Table 1]. The study was registered under Clinical Trial 
Registration of India with CTRI number (CTRI/2021/11/038274). 
An informed consent was taken from all the participants. The 
study was performed using the split mouth method, where 
one side maxillary molar tooth extraction was done by giving 
buffered local anaesthesia (study group) and the contralateral 
side maxillary molar tooth extraction was done by giving 
non‑buffered local anaesthesia (control group). The control and 
study groups were assigned to the same patient to rule out bias 
due to individual variations.

Inclusion criteria
1.	 Patients with bilateral grossly decayed maxillary molar 

teeth indicated for extraction
2.	 Patients with the American Society of Anesthesiologists 

status I.

Exclusion criteria
1.	 Subjects taking any medication such as analgesics, 

narcotics, sedatives and antidepressants that may affect 
anaesthetic assessment

2.	 Subjects who are unable to provide informed consent.

Patients who fulfilled the inclusion criteria were selected and 
the samples were divided into study and control groups by a 
computer‑generated randomiser. The study and control groups 
each consisted of 100 grossly decayed maxillary molar teeth 
which were indicated for extraction. In the study group, patients 
were given buffered local anaesthesia (which was prepared by 
mixing 2% lignocaine with 1:80,000 adrenaline and 8.4% sodium 
bicarbonate) before extraction. In the control group, non‑buffered 
local anaesthesia (2% lignocaine with 1:80,000 adrenaline) was 
given before extraction. All procedures were done by a single 
maxillofacial surgeon who was unaware of the type of local 
anaesthesia given to the patient. All parameters were assessed by 
a second investigator, who was blinded for the study.

For the study group, the buffered local anaesthetic solution 
was freshly prepared just before extraction by adding 
0.18  mL of 8.4% sodium bicarbonate  (Injection Sodac 
8.4% w/v) with 1.8 mL of 2% lidocaine hydrochloride with 
1:80,000 adrenaline, which yields a 1:10 dilution, following 
which it was given at the infiltration site with all aseptic 
precautions  [Figure 1]. For the control group, non‑buffered 
local anaesthesia  (2% lignocaine with 1:80,000 adrenaline) 
was given before extraction, with all aseptic precautions. All 
the solutions were kept at room temperature.

Pain on infiltration was evaluated using the Visual Analogue 
Scale (VAS) [Figure 2]. The VAS has markings ranging from 
0 to 10, 0 being ‘no pain’ and 10 being ‘worst possible pain’. 
Patients were asked to rate their pain at the time of infiltration 
based on the intensity of pain experienced.

The onset of local anaesthesia is defined as the first sensation 
of numbness or tingling in the anaesthetised region. It was 
calculated from the point of retrieval of the needle after 
the injection to the time of onset of numbness, which was 
demonstrated on probing.

Table 1: Consort flowchart

Assessed for eligibility (n = 124)

Excluded (n = 24)
• Not meeting inclusion criteria (n = 19)
• Declined to participate (n = 5)
• Other reasons (n = 0)

Randomized (split mouth design) n = 100 (200 sites)

Allocation
Allocated to buffered local anaesthesia
(n = 100)
• Received allocated intervention
 (n = 100 sites)

Allocated to non-buffered local anaesthesia
(n = 100)
• Received allocated intervention
 (n = 100 sites)

Follow up (n = 100)
Lost to follow up (n = 0)

Follow up (n = 100)
Lost to follow up (n = 0)

Analysed (n = 100) Analysed (n = 100)

Follow-Up

Analysis

Enrollment
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Duration of anaesthesia was calculated as the time lapsed 
from the time of injection until the patient required taking 
an analgesic. The patients were instructed not to take any 
analgesic before they perceived any pain.

Statistical analysis
The data were analysed using SPSS (Statistical Package for 
Social Sciences) statistical software version 19.0 developed 
by IBM (International Business Machines New York, USA). 
The intergroup comparison for the difference in mean scores 
between the two groups was made using the unpaired t‑test.

Results

Table 2 describes the intergroup comparison of mean VAS 
scores of pain between the study group and the control 
group. The mean pain VAS scores were higher for the 
control group  (3.71  ±  1.24) as compared to the study 
group (1.04 ± 0.952). The difference between the groups was 
statistically significant (P = 0.001) when analysed using an 
independent t‑test at P < 0.05 significance level.

Table  3 describes the intergroup comparison of the time 
of onset of anaesthesia between the study group and the 
control group. The mean time of onset of anaesthesia was 
higher for the control group  (1.88  ±  0.651) as compared 
to the study group  (0.75  ±  0.160). The difference between 
the groups was statistically significant  (P  =  0.001) when 
analysed using an independent t‑test at P < 0.05 significance 
level. Table  4 describes the intergroup comparison of 
the duration of anaesthesia between the study group and 
the control group. The mean duration of anaesthesia was 
higher for the study group (147.15 ± 15.08) than the control 
group (124.08 ± 8.597). The difference between the groups 
was statistically significant (P = 0.001) when analysed using 
independent t‑test at P < 0.05 significance level.

Discussion

Oral anaesthesia is often perceived as a painful experience.[11] 
This pain is said to be a result of the low pH of the anaesthetic 
solution. Elevation of pH of local anaesthesia by the addition 
of sodium bicarbonate was first proposed by Louis Bignon in 
1892.[12] Sodium bicarbonate is a systemic alkalinising agent. 
It increases plasma bicarbonate concentration, buffers excess 
hydrogen ions and raises the pH of the blood, thereby reversing 
clinical signs of acidosis.[13]

In the present study, the study group demonstrated a 
statistically significant reduction in pain on infiltration 
compared to the control group (P = 0.001). The study group 
reported a mean pain VAS score of 1.04, while the control 
group reported a mean pain VAS score of 3.71, demonstrating 
a two‑  to three‑fold increase in pain during infiltration in 
the control group. This alleviation of pain associated with 
infiltration of buffered local anaesthesia could be attributed 
to the raising of local anaesthetic pH towards the physiologic 
range of 7.0–7.4, which reduces the direct tissue irritation 

caused by the infiltration of a more acidic compound. This is 
in accordance with Christoph et al.’s study, which reported a 
statistically highly significant (P < 0.000001) result, showing 
non‑buffered local anaesthesia to be 2.8 times more painful 
than buffered local anaesthesia. Furthermore, Gupta et  al., 
reported a mean pain VAS score of 3.4 for non‑buffered local 
anaesthesia and 0.44 for buffered local anaesthesia. Arora et al., 
found a significant difference in the amount of pain on injection 
between the study and control groups (P = 0.025).[14] According 
to Kattan et al., buffering of local anaesthesia has a 2.29 times 
greater likelihood of achieving successful anaesthesia.[15] 
Bunke et al., and Senthoor et al., found a significant decrease in 
pain with buffered local anaesthesia compared to non‑buffered 
local anaesthesia (P < 0.05, P < 0.1).[16,17] Furthermore, studies 

Table 2: Intergroup comparison of pain Visual Analogue 
Scale scores

Group n Mean SD SEM P Significance
Study group 
(buffered local 
anaesthesia)

100 1.04 0.952 0.095 0.001 Significant

Control group 
(non‑buffered 
local 
anaesthesia)

100 3.71 1.241 0.124

Unpaired t‑test at P<0.05 is significant. SD: Standard deviation, 
SEM: Standard error of the mean

1.04

3.71

0
0.5

1
1.5

2
2.5

3
3.5

4

Mean

Pain-VAS

Study group Control group

Figure 1: Buffered local anesthesia
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done by Sunny Priyatham et al., Afsal et al., Warren et al., 
Shyamala et al., Tole and Neeli and Gandhi et al., reported a 
significantly lower pain score with buffered local anaesthesia 
(P  <  0.01).[18‑23] Vent et  al., and Sadananda et  al., reported 
the mean pH of buffered solution to be 6.9 ± 0.34, while that 
without bicarbonate was 3.4 ± 0.26. Sixty‑five per cent of their 
sample reported more pain with non‑buffered solution.[24,25] On 
the contrary, the studies by Whitcomb et al., Aulestia‑Viera 
et al., Meincken et al., Chopra et al., Saatchi et al., Parirokh 
and Rabinowitz et al., showed that there was no significant 
difference in the pain on injection between the buffered and 
non‑buffered local anaesthesia (P > 0.05).[26‑31]

In the present study, the mean time taken for the onset of 
local anaesthesia in the study group was 0.75  min, while 
the control group reported 1.88 min, which was statistically 
significant (P = 0.001). The onset of action of local anaesthesia 
is determined primarily by its dissociation constant  (pKa) 
level. It was postulated that buffering lowers the dissociation 
constant (pKa) of local anaesthesia, which in turn results in a 
greater number of deionised particles (RN). These deionised 
particles are lipid soluble and hence diffuse more readily into 
the nerve, leading to a more rapid and effective inhibition 
of nerve conduction.[32] When sodium bicarbonate is mixed 
with a local anaesthetic, it interacts with hydrochloric acid 
to create water and carbon dioxide. Condouris and Shakalis 
demonstrated that carbon dioxide possesses an independent 
anaesthetic effect and caused a seven‑fold rise in the action of 
local anaesthesia.[33] Kashyap et al., and Arora et al.,[10, 14] found 
that the buffered group had a significantly faster onset of local 
anaesthesia when compared to the non‑buffered group (34.4 s 
compared with 109.8 s) (1.06 min and 2.96 min), respectively. 
Furthermore, the studies by Jing Guo et al., Kurien et al., Phero 
et al., Bala et al., and Koja et al., reported a faster onset of 
buffered local anaesthesia when compared with non‑buffered 
local anaesthesia (P < 0.001).[34‑38] Whitcomb et al., in their 
study, could not establish a statistically significant difference 
in the onset of pulpal anaesthesia between the buffered and 
non‑buffered local anaesthesia (P > 0.05).

This study showed a statistically significant  (P  =  0.001) 
increase in the duration of action of the local anaesthesia 
with a mean of 147.15 ± 15.081 min in the study group and 
124.08 ± 8.591 min in the control group. Catchlove postulated 
that the increased duration of action of local anaesthesia was 
due to the by‑products of the buffering reaction. The free 
carbon dioxide, which was the by‑product of the buffering 

reaction, potentiates the action of lidocaine hydrochloride by 
a direct depressant action on the axon and also, the free carbon 
dioxide increases the concentration of the local anaesthetic 
within the nerve trunk through ion trapping and also helps in 
changing the charge of the local anaesthetic inside the nerve 

Table 3: Intergroup comparison of onset of local 
anaesthesia

Group n Mean 
(min)

SD SEM P Significance

Study group 
(buffered local 
anaesthesia)

100 0.75 0.160 0.016 0.001 Significant

Control group 
(non‑buffered 
local 
anaesthesia)

100 1.88 0.651 0.061

Unpaired t‑test at P<0.05 is significant. SD: Standard deviation, 
SEM: Standard error of the mean

0.75

1.88

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

Mean

Onset of local anaesthesia (in minutes)

Study group Control group

Table 4: Intergroup comparison of duration of local 
anaesthesia

Group n Mean SD SEM P Significance
Study group 
(buffered local 
anaesthesia)

100 147.15 15.081 1.508 0.001 Significant

Control group 
(non‑buffered 
local 
anaesthesia)

100 124.08 8.597 0.859

Independent t‑test at P<0.05 is significant. SD: Standard deviation, 
SEM: Standard error of the mean

147.15

124.08

110

115

120

125

130

135

140

145

150

Mean

Duration of Local Anaesthesia (in minutes)

Study group Control group

Figure 2: Visual analogue survey scale
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axon.[39] Our result correlates with Savina Gupta et  al.,’s 
study, which reported a mean duration of action of local 
anaesthesia of 133.54 min and 111.76 min with the buffered 
and non‑buffered local anaesthesia, respectively. The result 
was statistically significant (P = 0.000). Valiulla et al., Jain 
et al., and Torres‑Rojas et al., reported the duration of action 
to be longer for the buffered local anaesthetic group (mean 
value: 148.24 ± 36.24 min) as compared to conventional local 
anaesthetic (mean value: 74.03 ± 22.09 min).[40‑42] Few other 
studies compared buffered and non‑buffered articaine reported 
significant results with buffering with respect to the pain and 
onset parameters.[43‑45]

The limitations that were observed with buffered local 
anaesthetics are, they are not readily available in the market, 
due to reduced shelf life. As a result, these buffered local 
anaesthetics need to be freshly prepared just before minor oral 
surgical procedures. Research should be aimed at improving 
the shelf life of buffered local anaesthetics so that they are 
readily available in the market and can be extensively used 
in minor oral surgical procedures owing to the advantages 
offered with respect to less pain on injection, faster onset and 
increased duration of action of local anaesthesia.

Conclusion

Ideally, a good anaesthetic agent should provide no pain or 
toxicity, should work quickly and allow enough duration 
for the completion of a minor oral surgical procedure. 
However, no local anaesthesia can provide a perfect blend 
of all the above characteristics. The present study concludes 
that buffered local anaesthesia was beneficial in terms of 
reducing pain on injection, providing a quicker onset of local 
anaesthesia and increasing the duration of action of the local 
anaesthesia. Buffering is a safe, easy and efficient process that 
should be routinely followed to provide a better experience 
to patients.
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