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ABSTRACT

Background: Infected mandibular third molars are frequently difficult to
anesthetize, and commercial lidocaine—epinephrine solutions are acidic,
causing injection discomfort and delayed onset. Buffering with sodium
bicarbonate may improve patient comfort and anesthetic efficacy.

Materials and Methods: A randomized clinical trial was conducted in
Karachi among 109 adults (18-65 years) requiring extraction of infected
mandibular third molars. Participants received either buffered 2% lidocaine
with epinephrine (1:100,000) prepared chairside with 8.4% sodium
bicarbonate (1:10) or standard unbuffered anesthetic. Outcomes included
injection pain (VAS), onset time, cartridges used, anesthetic adequacy, and
perioperative complications.

Results: Compared with unbuffered anesthetic, buffered anesthetic reduced
injection pain (VAS 2.91+0.89 vs 4.22+1.13; p<0.0001), shortened onset time
(115.35+21.94 s vs 222.06+50.03 s; p<0.0001), and decreased cartridges
required (1.47+0.60 vs 2.04+0.87; p<0.0001). Complication rates were similar
between groups.

Conclusion: Chairside buffering of lidocaine—epinephrine significantly
improves comfort and anesthetic performance during extraction of infected
mandibular third molars without increasing complications.

Keywords: buffered local anesthesia; lidocaine; sodium bicarbonate; third
molar; infection; randomized clinical trial.

INTRODUCTION

Mandibular third molar extraction is one of the most
frequently performed oral surgical procedures and is
commonly complicated by pericoronitis, periodontal
pathology, or periapical infection. Infected tissues
are often acidic and hyperemic, which can reduce
the effectiveness of local anesthetics, delay onset,
and increase the likelihood of inadequate anesthesia
requiring repeated injections. In addition, patients
frequently report burning or stinging during
administration, a discomfort partly attributable to

the low pH of commercially available lidocaine
solutions containing epinephrine.[*-]

Standard dental cartridges of lidocaine with
epinephrine are formulated at an acidic pH to
improve stability of the vasoconstrictor and extend
shelf life. However, local anesthetic molecules must
be present in a sufficient non-ionized fraction to
diffuse through neural membranes and achieve
sodium channel blockade. In inflamed or infected
environments, a lower tissue pH shifts the
equilibrium toward the ionized form, potentially
leading to slower onset and reduced depth of
anesthesia. Buffering with sodium bicarbonate
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immediately prior to injection increases solution pH
toward physiologic values and may reduce injection
pain while improving onset and anesthetic
success.[671

Although buffered local anesthesia has shown
benefits in various dental and surgical settings, its
use in routine practice remains limited, and evidence
specific to infected mandibular third molar
extractions in outpatient settings is still evolving.
Therefore, this randomized clinical trial was
designed to compare buffered versus unbuffered 2%
lidocaine with epinephrine (1:100,000) for pain on
injection, onset time, anesthetic requirement,
adequacy of anesthesia, and perioperative safety
during extraction of infected mandibular third
molars in Karachi.[5-12

Objectives: To compare inter-operative pain control
and anesthetic performance of buffered versus
unbuffered 2% lidocaine  with  epinephrine
(1:100,000) in extraction of infected mandibular
third molars.

MATERIALS AND METHODS

This randomized clinical trial was conducted at
Khidmat-e-Khalg Foundation under supervision of
Liaquat College of Medicine and Dentistry, Karachi,
over 8 months after IRB approval. Adults aged 18—
65 years requiring extraction of infected mandibular
third molars (acute/chronic infection; Pederson
difficulty 1-6) were enrolled. Patients were
randomized to receive either: (a) buffered LA
prepared immediately before injection using a 1:10
dilution (1 mL of 8.4% sodium bicarbonate mixed
with 10 mL lidocaine-epinephrine), or (b) standard
unbuffered LA. Outcomes included pain on injection
(VAS 0-10), onset time (seconds), number of
cartridges used, and anesthetic profoundness
categories. Inter- and post-operative complications
were recorded. Data were analyzed using SPSS v24
with p<0.05 considered significant.

RESULTS

A total of 109 participants were randomized to
buffered (n=55) and unbuffered (n=54) groups;
baseline demographics and clinical variables were
comparable. Buffered LA significantly reduced
injection pain (VAS 2.91+0.89 vs 4.22+1.13;
p<0.0001), shortened onset time (115.35+21.94 s vs
222.06£50.03 s; p<0.0001), and reduced cartridges
required (1.47+£0.60 vs 2.04+0.87; p<0.0001).
Sufficient anesthesia occurred more often in the
buffered group (80.0% vs 63.0%), while insufficient
anesthesia (>2 cartridges) was lower (5.5% vs
20.4%), although profoundness distribution did not
reach statistical significance (p=0.219). Inter-
operative complications were similar (12.7% vs
11.1%; p=0.219), as were post-operative
complications (29.1% vs 25.9%; p=0.439), with no
significant difference in complication types.

DISCUSSION

This randomized clinical trial from Karachi
demonstrates that chairside buffering of 2%
lidocaine with epinephrine (1:100,000) using 8.4%
sodium  bicarbonate  meaningfully  improves
anesthetic performance during extraction of infected
mandibular third molars. In the buffered group,
injection pain was lower by 1.31 VAS points, onset
was faster by about 107 seconds, and fewer
cartridges were required, while inter- and post-
operative complication rates remained comparable.
These findings are clinically relevant because
infected and inflamed tissues are a common setting
where local anesthesia becomes unreliable and
patients often experience both procedural pain and
heightened anxiety. 316l

The reduction in injection pain observed with
buffered anesthesia is consistent with the
physiologic explanation that acidic solutions
activate peripheral nociceptors and produce a
burning sensation, whereas pH-adjusted solutions
closer to physiologic pH reduce chemical irritation
at the injection site. Buffered local anesthetic has
been repeatedly associated with improved patient
comfort in dental settings, including third molar
procedures, and the present results align with reports
showing less pain with buffered agents compared
with  conventional  formulations.>®1  Improved
comfort at the moment of injection may also have
secondary benefits such as reducing anticipatory
fear and improving cooperation during difficult
mandibular blocks and extractions.[*%2]

A key finding was the markedly shorter onset time
with buffering. This outcome is biologically
plausible: alkalinization increases the proportion of
non-ionized local anesthetic available to cross the
nerve membrane, thereby accelerating sodium
channel blockade. In the context of infection, where
tissue pH is reduced and vascularity is increased,
this advantage becomes more pronounced because
unbuffered solutions start from a low pH and may
further acidify the local microenvironment. The
faster onset in our trial is consistent with other
controlled studies in third molar surgery where
buffered local anesthetics reduced latency and
improved block quality.>® The magnitude of onset
reduction in seconds also has practical value in
high-volume outpatient clinics by decreasing
chairside waiting time, potentially improving
workflow and patient  throughput  without
compromising safety.*"]

Buffered anesthesia also reduced total anesthetic
requirement, reflected by fewer cartridges used.
This suggests a more efficient block and possibly
better diffusion/penetration in inflamed tissues.
Reduced cartridge use has patient-level implications
(fewer repeat injections, less overall discomfort) and
safety implications (lower total dose exposure).
Although our categorical measure of “profundness
of anesthesia” did not reach statistical significance,

5932

International Journal of Medicine and Public Health, Vol 16, Issue 3, July-September 2026 (www.ijmedph.org)



the buffered group showed a higher proportion of
sufficient anesthesia and a lower proportion of
insufficient anesthesia (>2 cartridges). This pattern
supports the clinical impression that buffering
improves the likelihood of achieving adequate
anesthesia in difficult infected cases.?

Importantly, the improvement in efficacy did not
come at the cost of increased complications. Both
groups showed similar rates and distributions of
inter-operative and post-operative complications,
including swelling, bleeding, dry socket, and
infection, which are known to occur after third
molar removal.l’*6] The comparable safety profile
is consistent with prior literature indicating that
buffering itself does not increase adverse events
when prepared and administered appropriately.>?!
Given ongoing concerns about epinephrine stability
at higher pH, our findings support the
recommendation that buffering be performed
immediately before injection to balance efficacy
with pharmacologic stability.[*8-20

This study has several strengths: randomized
allocation, comparable baseline demographic and
clinical characteristics, and evaluation of outcomes
that matter to both patients (pain) and clinicians
(onset time, anesthetic volume, complications).
Nonetheless, some limitations should be
acknowledged. First, this was a single-center trial,
which may limit generalizability beyond similar
outpatient oral surgery settings. Second, pain
assessment using VAS is subjective and may be
influenced by individual anxiety and expectations.
Third, the trial focused on infected mandibular third
molars with mild-to-moderate Pederson difficulty,
so results may not apply to highly complex surgical
cases or to patients excluded due to systemic
disease. Finally, although complications were
recorded, the study was not powered primarily for
detecting differences in uncommon adverse
outcomes.

From a clinical and public health perspective,
optimizing pain control in infected third molar
extraction can improve patient trust and willingness
to seek timely dental care, reducing the risk of
progression to more severe odontogenic infections
and their complications.['®2%1 Buffered anesthesia is
a low-cost, feasible chairside modification that may
be especially useful in resource-constrained settings
where avoiding procedural delays and minimizing
repeat injections are valuable. Larger multicenter
studies, ideally with standardized blinding and
assessment of cost-effectiveness, would further
clarify implementation benefits and inform routine
adoption in oral surgery practice.

CONCLUSION

In infected mandibular third molar extraction,
buffering 2% lidocaine with epinephrine using 8.4%
sodium bicarbonate improved patient comfort,
accelerated onset, and reduced anesthetic volume

requirements without increasing complications.
Buffered local anesthesia may be considered a
practical strategy for better pain control in infected
third molar procedures in outpatient settings.
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