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Abstract: Local anaesthesia is a sine qua non for pain management in dentistry. Optimizing local anaesthesia practice reduces intra-
operative pain, and ultimately ameliorates patient comfort. Many patients still report experiencing  intra-operative pain despite being 
anaesthetized. This is commonplace with inferior alveolar nerve blocks, the current routine approach to mandibular anaesthesia. This 
technique has been shown, in many cases, to fail at first attempt and can be uncomfortable for patients. It has a higher positive-aspiration 
rate than other techniques, increasing the risk of systemic complications. 
CPD/Clinical Relevance: Clinicians should be aware of more effective techniques for mandibular anaesthesia for optimal and safe pain 
management, and ultimately a better patient experience. 
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Generally, the anticipation of painful or 
invasive procedures is the greatest source of 
anxiety for patients in dentistry.1 Evidence 
suggests that patients who have high levels 
of dental anxiety avoid appointments, and 
so may have poor oral health.2 This ‘vicious 
cycle of dental fear’ (Figure 12) highlights the 
significance of optimizing pain control in the 
dental setting. 

Local anaesthesia (LA) is key to pain 
control in dentistry, and there is a plethora 
of articles suggesting how its use can 
be optimized. Nevertheless, the most 
commonly reported adverse event in 
dental practice is intra-operative pain.3 In 

a representative sample of the general 
population, 71% reported having painful 
dental experiences,4 implying that pain 
management in dentistry has yet to reach 
its pinnacle.

At present, dentists rely mostly on the 
inferior alveolar nerve block (IANB) for 
providing mandibular anaesthesia. However, 
IANBs often fail to provide adequate pulpal 
anaesthesia at the first attempt.5,6

This article reviews the misconceptions 
surrounding the use of IANBs, and outlines 
ways to prevent and manage IANB failures 
and complications. Evidence-based safe and 
optimal LA practice is explored.

Tackling IANB misconceptions 
There is no standard success rate 
for IANBs. Failure rates of IANBs vary 
extensively from 31% to 81%.7 Dentists 
often struggle to identify the reasons 
for IANB failure, which could be due to 
several misconceptions regarding their 
use. These include:

  Aiming for the nerve; 
	Determining the onset of pulpal 

anaesthesia;
  Waiting for the onset of LA;
  Articaine versus lidocaine. 

Different procedures may yield 
different anaesthetic efficacies: it is 
more probable that exodontia under 
LA will be less painful compared to 
endodontic treatment, for which 
it is more challenging to provide 
profound anaesthesia.8  
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Aiming for the nerve 
It is thought that an important determinant 
of a successful IANB is access to the 
mandibular foramen;7,9–11 therefore, some 
clinicians aim to inject as close as possible 
to the inferior alveolar nerve.12 

Takasugi et al12 studied an alternative 
method to the conventional IANB, the 
‘anterior technique’, involving the injection 
of the LA more anterior to the mandibular 
foramen (Figure 2).13 This method relies 
on the diffusion of the solution towards 

the inferior alveolar nerve. The results 
were compared to other studies of the 
conventional IANB, and it was found that 
injecting further from the mandibular 
foramen, as in the anterior technique, does 
not lower the effectiveness of IANBs. The 
anterior technique also has a lower risk of 
nerve injury than conventional IANBs.12 

Panoramic radiographs14 and 
ultrasound-guided needle insertion15 can 
be used by the operator to more accurately 
locate the mandibular foramen. Yet, neither 
radiography nor ultrasonography improve 
the success of IANBs,14,15 implying that 
anatomically accurate injection sites do not 
guarantee optimal analgesia. 

In summary, evidence supports that 
there is no need to place the needle tip 
adjacent to the nerve for optimizing IANB 
efficacy, as it only increases the risk of inferior 
alveolar nerve and lingual nerve injury. 

Determining the onset of pulpal anaesthesia
It is often assumed that pulpal anaesthesia 
has been achieved after confirming 
lip numbness.8 However, soft-tissue 
numbness is highly subjective, being 
confounded by the patient’s psychological 
and physiological status.16 Studies have 
confirmed that the absence of mucosal 
responsiveness does not always indicate 
successful pulpal anaesthesia.17,18

A more accurate and objective method 
to confirm pulpal anaesthesia is electrical 
pulp testing (EPT). This method has been 
successfully used in LA efficacy tests for 
healthy and symptomatic teeth.16,19 

However, the ideal way to ensure that 
maximum pulpal anaesthesia is achieved, 
is through waiting a sufficient time for the 
IANB to take effect. 

Waiting for the onset of LA
Do dentists wait a sufficient length of 
time for the onset of pulpal anaesthesia 
following an IANB? 

Lip numbness happens 5–9 minutes 
after the injection, but the pulp becomes 
anaesthetized after 15–16 minutes.17,20,21 

Delayed onset can occur in 19–27% of 
cases, and an onset after 30 minutes has 
been reported for 8% of patients.5

Despite achieving lip numbness, patients 
may still feel intra-operative pain. In such 
situations, some clinicians administer an 
extra IANB. However, this does not improve 

Figure 1. The ‘vicious cycle of dental fear’ redrawn from Armfield et al.2 

Figure 2. Illustration comparing the conventional IANB with the anterior technique with regards 
to needle insertion sites. For the anterior technique, the needle should be inserted on the lateral 
side of the pterygomandibular fold, approximately 10 mm above the occlusal plane. The syringe 
barrel should be positioned over the contralateral first mandibular molar. The penetration depth is 
approximately 10 mm.13
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the analgesia because the operator may 
not have waited enough time for the first 
injection to take effect.5 Administering 
multiple IANBs can also increase the risk of 
nerve injury.22 

In summary, clinicians must wait a 
longer time for the onset of anaesthesia 
with IANBs. If the IANB demonstrated 
success at first attempt after waiting, there 
is no indication for another injection. 
The management of a failed IANB will be 
discussed in the next section of this review.  

Articaine versus lidocaine 
The efficacy of articaine IANBs is not 
significantly different to lidocaine for healthy 
teeth18 or in patients with irreversible 
pulpitis.23 Furthermore, studies have found 
there to be a greater risk of nerve injury and 
paraesthesia associated with 4% articaine 
IANBs, compared to 2% lidocaine.22 

Thus, considering the potential 
concerns surrounding neurotoxicity, 4% 
articaine is not routinely recommended for 
IANBs; 2% lidocaine is as effective. 

IANBs and inflammation 
The provision of successful anaesthesia 
is even more challenging in endodontics; 
inflamed tissue immensely reduces the 
effectiveness of IANBs.24,25 In a study 
of patients with irreversible pulpitis, 
the success rate of lidocaine IANBs for 

first and second molars was 28% and 
25%, respectively.25 

This has been ascribed to increasing 
levels of inflammatory mediators, such as 
prostaglandin E2 (PGE2). Inflammation also 
changes sodium channel expression and 
function in nociceptors.24 

Elevated PGE2 levels sensitize 
nociceptors, reducing their excitability 
threshold for activation.24,26 Consequently, 
the LA agent may be insufficient to prevent 
impulse propagation.27 

Pulpal nociceptors express various 
classes of sodium channels including 
tetrodotoxin-resistant (TTXr) channels, 
which are four times less sensitive to 
lidocaine than other channels.28 With 
inflammation, nociceptors express more 
TTXr channels, and after exposure to PGE2, 
the activity of these lidocaine-resistant 
channels more than doubles (Figure 3).29 

Failure of IANBs in the presence of 
inflammation calls for measures, such as 
anti-inflammatory premedication and 
supplementary LA (additional injections 
with modified technique/solution), to 
enhance anaesthesia. 

Managing IANB failures
Planning ahead is imperative for optimal 
LA. Practitioners should identify patients 
who are more likely to experience poor 
anaesthesia, such as patients with 
inflammation, and consider the strategies 
below before treatment. Patients who have 
responded poorly to LA in the past are more 
likely to experience further LA-associated 
difficulties.24 Thus, history-taking is vital. 
The following approaches can be taken in 
these patients:24

  Oral premedication with anti-
inflammatory drugs (in patients 
with inflammation); 

  Supplementary LA.

Premedication
A recent meta-analysis found that  
pre-operative oral non-steroidal 
anti-inflammatory drugs (NSAIDs) or 
dexamethasone can significantly increase 
the efficacy of IANBs for patients with 
irreversible pulpitis.30 These drugs reduce 
pulpal levels of inflammatory mediators 
(eg PGE2), thus precluding peripheral 
sensitization and increased activity of 
lidocaine-resistant TTXr channels.24 

NSAIDs
Pre-operative NSAIDs (eg ibuprofen, 
oxicams, indomethacin and ketorolac) 
have been reported to significantly 
increase the success of IANBs in patients 
with irreversible pulpitis by several 
meta-analyses.30–32 NSAIDs inhibit the 
cyclo-oxygenase pathway, preventing 
prostaglandin synthesis.33 A recent study 
found significantly lower concentrations 
of inflammatory mediators in the pulp, 
including PGE2, when 600  mg ibuprofen 
was given to patients with irreversible 
pulpitis 1 hour before LA.26

A randomized controlled trial (RCT) 
found that both 75 mg indomethacin and 
600 mg ibuprofen given 1 hour before the 
IANB significantly increased LA success 
in patients with irreversible pulpitis.34The 
two NSAIDs were not significantly different 
in efficacy. The authors suggested 
that ibuprofen may be favoured over 
indomethacin because it has fewer side-
effects than the latter. Shantiaee et al35 
also reported a significant increase in 
anaesthesia with 7.5 mg meloxicam or 
600 mg ibuprofen 1 hour preceding the 
IANB. No difference was found between the 
two NSAIDs. 

Ketorolac (10 mg36 or 20 mg33) also 
increased the effectiveness of lidocaine 
IANBs in some studies.  

Multiple RCTs have demonstrated the 
increase in anaesthesia with pre-operative 
ibuprofen.34,35,37 However, in other studies, 
ibuprofen had no effect on IANB success.38,39 
The patients in these latter studies had 
irreversible pulpitis with spontaneous 
pain, suggestive of high pulpal levels 
of prostaglandins released previously. 
Prostaglandin synthesis is inhibited by 
ibuprofen, but the antecedent alteration 
in nociceptor activity still exists. It is 
proposed that premedication in patients 
with spontaneous pain is less effective than 
those with irreversible pulpitis without 
spontaneous pain.34

Dexamethasone
Dexamethasone (0.5 mg40 or 4 mg37) 
improves the IANB success in patients with 
symptomatic and asymptomatic irreversible 
pulpitis. It is noteworthy that ibuprofen37/
NSAIDs30 and dexamethasone are not 
significantly different in their effect on 
anaesthesia. Further studies are needed for 
a more definitive recommendation. 

Figure 3. The effect of adding PGE2 on the 
conductance–voltage relationship of TTXr 
channels. After the addition of 1 µM PGE2, the 
conductance of TTXr channels approximately 
doubles, and the activation threshold voltage 
decreases. Figure redrawn from Gold et al.29 
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(eg root canal treatment, or exodontia) 
will benefit more from anti-inflammatory 
premedication, compared to others (eg 
superficial restorations). 

Even with pre-operative medication, 
the studies did not achieve profound 
anaesthesia, which is necessary for 
endodontic treatment, potentially owing 
to the presence of already-sensitized 
nociceptors. Hence, clinicians may plan to 
use supplemental LA to further increase the 
depth of anaesthesia. 

Supplementary injections 
Supplementary injections have been 
shown to increase the efficacy of IANBs. 
These include: intraligamental, intra-
osseous and buccal infiltrations.41 In an 
RCT,42 100 of 182 patients with irreversible 
pulpitis required supplemental injections 
following failed IANBs (2% lidocaine with 
1:80,000 adrenaline). There was a greater 
success with articaine buccal infiltrations 
and intra-osseous injections, compared to 
intraligamental injections. Repeated IANBs 
were the least successful (Table 1).42 

In supplementary buccal infiltrations, 
4% articaine is more efficacious than 2% 
lidocaine.43,44 It is unclear whether the 
higher potency of articaine is related to its 
thiophene ring enhancing its liposolubility, 
or its use at higher concentrations.45 

Intra-osseous injections after failed 
IANBs provide 90% successful pulpal 
anaesthesia lasting an hour for endodontic 
treatment and first molar extractions.46–48 
However, the nature of intra-osseous 
injections may cause the entry of 
vasoconstrictor-containing solutions into 
the bloodstream; increased heart-rates have 
been reported as a result.49 

Supplementary intraligamental 
injections may be useful for exodontia.50 
Recently, it has been suggested that 
intraligamental injections alone can be used 
as a primary LA technique for non-surgical 
mandibular molar extractions.51 However, 
the duration of intraligamental LA is shorter 
than IANBs, potentially making it unsuitable 
for long-duration procedures.52 

Considering that IANBs can be 
unpredictable in providing adequate 
anaesthesia, it is good practice to plan 
ahead and choose the most appropriate 
mode of LA to supplement the IANB for 
that procedure. 

Figure 4. Smart tailored LA practice.22 (Figure courtesy of Andrew Mason, University of Dundee.)

Table 1. Success of painless treatment after supplementary injections. ABI: articaine buccal infiltration 
(4% articaine+1:100,000 adrenaline); IO: intra-osseous (2% lidocaine+1:80,000 adrenaline); PDL: 
intraligamentary (2% lidocaine+1:80,000 adrenaline) following IANBs for patients with irreversible 
pulpitis. The differences in success rates are significant. Redrawn from Kanaa et al.42

Injection technique(s) Success rate (painless treatment)

IANB + ABI 84%

IANB + IO 68%

IANB + PDL 48%

Repeated IANB 32%

Paracetamol
Meta-analyses have shown that 
paracetamol monotherapy does not 
improve anaesthesia at any dose.30,31 
However, when combined with NSAIDs 
(namely 400 mg ibuprofen), IANB success 
does significantly increase.30 

Nevertheless, NSAIDs alone have 
a comparable efficacy to paracetamol 
+ NSAID combinations. This implies 
that adding paracetamol to NSAID 
premedication offers little advantage to the 
effect of NSAIDs on block anaesthesia.30 

Dosage and timing
Shirvani et al31 found no link between 
the timing and dosage of pre-operative 

analgesics and the effect on anaesthesia. This 
meta-analysis included timings between 30 
and 60 minutes before IANB administration. 
It is suggested that giving the premedication 
1 hour before the IANB allows the drug to 
reach satisfactory plasma concentration.38 

In another meta-analysis, IANB success 
was only increased with doses of ibuprofen 
equal to or greater than 400 mg.30 

To summarize, for patients presenting 
with pulpitis, it is favourable to prescribe 
pre-operative NSAIDs before IANB 
administration, to increase the chances 
of successful anaesthesia – especially for 
pulpitic molars. However, case selection 
is imperative. Some procedures that 
require a greater depth of anaesthesia 
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Safety of IANBs
Systemic complications
It is known that IANBs have the highest 
positive aspiration rate (10–15%) out of 
the LA techniques.7 Even after aspiration, 
intravascular injections may still occur.53 
Adverse reactions are likely to happen as a 
consequence of high LA concentrations in 
plasma (Table 2).6,54 

Local complications
Permanent damage to nerves, orofacial 
tissues and the eyes occur rarely,6 but 
awareness of their prevention is crucial.

  The two nerves most likely to become 
injured by mandibular blocks are the 
inferior alveolar nerve and the lingual 
nerve (LN).55 Administering multiple 
IANBs can increase the likelihood of LN 
injuries. The incidence of permanent 
LA-induced nerve injuries is relatively 
rare (1:52,000); however, they have life-
long impacts on patients. Patients may 
experience prolonged neuropathies 
with paraesthesia and allodynia; ‘chronic 
post-surgical pain’ may persist over the 
long term.6

  Facial palsy has been reported after 
IANBs, associated with poor technique: 
injecting into the parotid region 
through which the facial nerve traverses, 
if the needle penetrates deeper, towards 
the mandible’s posterior margin.56 

  Ocular complications occur rarely; 
incidences of diplopia, amaurosis and 
reduced visual acuity (due to optic-
nerve atrophy) have been reported.57 

Prevention and management
Optimizing IANB technique or replacing 
IANBs with infiltrations can reduce the risk 
of these complications.6

‘Blind injections’ are taught in dentistry. 
Dental students are not taught to use 
nerve-imaging techniques to administer 
blocks, contrary to other healthcare 
professions.6 A review of 39 studies using 
ultrasound-guided nerve blocks concluded 
that they were effective at reducing the 
rate of nerve injuries and intravascular 
injections.58 However, this review did not 
include intra-oral blocks. Despite there 
being studies that look at the effectiveness 
of ultrasound-guided nerve blocks in 
dentistry, more research should be done to 
evaluate their effect on patient safety. 

Reassurance of the patient by the clinician 
is vital in the management of LA-induced 
nerve injuries. Medical interventions, such 
as vitamin B, NSAIDs, and steroids can be 
implemented; however, these treatments are 
not yet evidence-based.6

Optimizing LA: ‘smart’ 
tailored technique
‘Smart’ LA practice can optimize 
anaesthesia, where the LA solution, 
volume, concentration and technique are 
tailored to the site, procedure and patient 
(recommendations presented in Figure 4).22 
Unnecessary use of IANBs should be avoided 
where infiltrations are safer and more 
effective. Evidence supports supplementing 
or replacing IANBs with mandibular 
infiltrations:23,59,60

  The efficacy of buccal infiltrations using 
4% articaine (1:100,000 adrenaline) 
is similar to IANBs with the same 

formulation or with 2% lidocaine 
(1:80,000 adrenaline) in first mandibular 
molars. The onset of pulpal anaesthesia 
with buccal infiltrations is significantly 
faster than IANBs.10,59

  Buccal infiltrations can be used as an 
alternative to nerve blocks in pulpitic 
mandibular molars61 or supplemental 
techniques should be used.62

  Articaine infiltrations are successful 
for restorative dentistry in paediatric 
patients, without needing IANBs; they 
decrease the duration of soft-tissue 
anaesthesia, hence reducing the risk of 
self-injury.63,64 

  In the mandibular incisor region, where 
the failure rate of IANBs is highest,21 
authors advocate combining labial and 
lingual infiltrations, with a 92% success 
rate.65,66 The authors have concluded that 
splitting the LA dose labially and lingually 
is more effective than one infiltration. 

Toxic effects Lidocaine toxicity at different serum concentrations

 1–5 μg/ml: 
    Tinnitus, light-headedness, diplopia, disorientation, mood 
    alteration, patient may complain of nausea/vomiting

 5–8 μg/ml: 
    Slurred speech, localized muscle-twitching, small 
    tremors, nystagmus

 8–12 μg/ml:
    Focal seizures that may develop into generalized tonic clonic 
    seizures. Respiratory depression/arrest may occur at higher  
    concentrations (20–25 μg/ml); may result in cardiovascular  
    arrest, coma

Methaemoglobinaemia  Relatively uncommon
 Associated with: 
    Articaine 
    Benzocaine (topical): should be avoided 
    Prilocaine: not to be used for children under 6 months,  
    patients using oxidizing drugs, pregnant women. Limit 
    dose to 2.5 mg/kg

 Low levels of methaemoglobinaemia (1–3%) = asymptomatic
 Higher levels (10–40%) manifest as cyanosis, tachycardia,  
    fatigue, breathlessness

Paraesthesia Evidence suggests that it is more common with articaine 
and prilocaine

Table 2. Adverse reactions of LA commonly associated with intravascular injections. Table redrawn 
from Renton6 and Haas54
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  In patients with haemophilia, 
infiltrations are more likely to be 
indicated rather than IANBs, to reduce 
risk of haemorrhage.67 

Despite a lack of an adequate evidence 
base for LA in implant dentistry, optimal LA 
practice using infiltrations has been taking 
place in this field for over 30 years. The use 
of mandibular infiltrations in implantology 
is both efficacious and safe.6,68 

Patients experience much less 
discomfort and pain during infiltrations 
compared to IANBs. The full lingual 
sensation and shorter duration of 
anaesthesia post-operatively (from 
infiltrations) is favoured by patients.22 

Conclusion
Optimal patient care necessitates optimal LA. 
This involves evidence-based ‘smart’ practice, 
where the operator tailors the LA solution, 
volume, concentration, and technique to the 
procedure, site, and patient. 

Owing to the unpredictable nature of 
IANBs, clinicians may consider using pre-
operative anti-inflammatory drugs (for 
endodontic patients) and/or supplemental 
LA to enhance anaesthesia. IANB success 
is often overestimated, and there is an 
abundance of evidence to support the 
transition from IANBs to infiltration dentistry 
in most procedures. This will improve LA 
safety and efficacy. Awareness of preventing 
adverse reactions and LA-associated 
complications is paramount. 

Indeed, it may be difficult for dentists 
who routinely use IANBs to change their 
current practice. This does not mean that 
optimal LA practice is impossible. Changing 
practice will take time, but the final outcome 
will significantly enhance patient care. 
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