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ABSTRACT
Objective: To investigate the effect of maxillary single and multiple rooted teeth on the success rate of buccal infiltration 
anesthesia.

Subjects and Methods: This clinical study was performed by dividing the participants into three groups. Group one included 
30 patients with upper anterior teeth, group two 23 patients with upper premolars teeth and group three 39 patients with upper 
molars for extraction. Onset time of anesthtic action was evaluted by using electronic pulp tester. Pulp testing assessments 
were carried out immediately before the injection and at the intervals of 2 mins following the injection until the anesthetic 
success obtains.

Results: Seventy‑nine patients in this study secured anesthetic success within study duration time (10 min). However, there 
were 13 patients with dental anesthesia failures (3 patients with single rooted teeth and 10 patients with multiple rooted 
teeth). There were no significant differences in the mean onset time of pulpal anesthesia between the anterior, middle and 
posterior teeth (P value = 0.449). Clinically, patients with single rooted teeth reported faster dental anesthesia and earlier 
teeth extraction than patients with multiple rooted teeth.

Conclusion: This study showed that the single rooted teeth have faster pulpal anesthesia and early extraction than teeth with 
multiple roots but not statistically significant. Administration of extra local anesthetic cartridge or using intraseptal injection 
technique can be a solution to overcome the failure of anesthesia in the maxillary posterior teeth.
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Introduction

Failure of dental anesthesia during treatment sessions 
can cause a traumatic experience for both the patient and 
dentist.[1] Consequently, patient will avoid intentionally 
forthcoming dental appointments and deterioration in the 
oral hygiene might occur.[2] Increase in the number of dental 
anesthesia failures will make the dentist feels incompetent 

and regretting the time, he spent since joining the dentistry.[2,3] 
By analyzing the causes of dental anesthetic failures and 
suggesting the appropriate solutions, paranoid dentists, 
and anxious patients will be in a good mood throughout the 
treatment.[3] Prilocaine is slightly less potent and considerably 
less toxic than lidocaine as a local anesthetic agent.[4] 
Prilocaine produces less tissue vasodilation than lidocaine and 
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can be used reliably in plain solution form for short‑duration 
procedures.[5,6] Lidocaine has a dissociation constant (pKa) 
of 7.7, highly protein‑bound 77%, relative potency of 4 and 
relative toxicity of 2.[7] However, prilocaine has PKa of 7.7 
and protein binding of 55%, relative potency of 4 and relative 
toxicity of 1.5.[6,7] In light of these facts prilocaine and lidocaine 
has similarity values of pKa, which are closer to physiological 
pH (7.4). This means equal numbers of uncharged base local 
anesthetic molecules are present to diffuse through the nerve 
sheath and as a consequently a comparable onset time of 
action will be achieved.[7‑12] In the literature, there were a 
lack of the knowledge regarding the relationship between 
the failure of local anesthesia and the morphology of the 
extracted teeth.[13‑15] No study was carried out to compare the 
speed of onset time of local anesthesia between single and 
multiple rooted teeth.[9,10] Failure of local anesthesia injections 
in upper and lower jaws were studied intensively.[16‑18] The 
anesthetic failure can be due to pulpitis that results in 
hyperalgesia in enclosed pulp tissues.[19] Inflamed tissues may 
alter the nerves’ resting membrane potentials and decrease 
excitability thresholds.[20] Therefore, routine local anesthetic 
techniques may not prevent nerve transmission adequately 
because of the lowered excitability thresholds.[19‑21] Inflamed 
tissues may alter the nerves’ resting membrane potentials 
and decrease excitability thresholds. Therefore, routine local 
anesthetic techniques may not prevent nerve transmission 
adequately because of the lowered excitability thresholds.[21,22] 
Therefore, the multiple rooted teeth with inflammation has 
greater volume of excitability than single rooted teeth as a 
consequence they need more quantity of LA to guarantee the 
pulpal anesthesia.[23]

The aim of this study was to investigate the effect of maxillary 
single and multiple rooted teeth on the speed of action 
and success rate of 2% lidocaine and 3% prilocaine buccal 
infiltrations. Null hypothesis: There is no differences in 
anesthesia onset time between single and multiple rooted 
teeth when either 2% lidocaine or 3% prilocaine used for 
upper dental extraction.

Subjects and Methods

This clinical trial was approved on December 11, 2016 
and the ethical approval was obtained from Taibah Dental 
College Research Ethics Board which included 5 members 
and protocol approval number was issued (IRB: 00010037). 
Patients who attended the Oral Surgery Unit in Taibah Dental 
College for extraction and removal of tooth/teeth under local 
anesthesia were included in the study. By utilizing convenient 
sampling pattern, 96 patients were distributed to two groups. 
This study included male patient’s age from 16 to 70 years 

old, planned for extraction of one upper tooth and have the 
ability to cooperate and coordinate with the requirements 
of the protocol. Patients with mental issues, hypersensitvity 
to local anesthesia, or avoidable surgical/multiple teeth 
extraction were excluded.

Before the study, a researcher or analyst allocated the 
sequence of patient identity numbers to either the lidocaine 
or the prilocaine group. Placard with 3% prilocaine or 2% 
lidocaine were placed in non‑transparent envelopes, sealed, 
and signed by a secretary who was not associated with the 
study. These envelopes had been numbered consecutively 
outside with the patient identity number and were entered to 
the record of the patient’s dental hospital treatment record. 
In the dental clinic, on dental chair, once the patient signed 
the consent the appended envelope was opened by the dental 
specialist. If the patient was in lidocaine or prilocaine group, 
the local anesthetic needle was inserted at the profundity 
of the sulcus adjacent to the apical of the tooth planned 
for extraction and advanced 4‑7 mm until the a point that a 
sufficient bony contact was accomplished, 1.4 ml lidocaine 
2% with epinephrine 1:100,000 or prilocaine 3% felypressin 
(0.03 I.U. per ml) was administered gradually over 40 s after 
aspiration plus a 0.4 ml mepivacaine infiltration in the hard 
palate 5 mm away from gingival margin for more than 20 s. No 
anesthetic solution was deposited as the needle is advanced 
to the target i.e., objective site in either routine.

The adequacy of pulp anesthesia was determined impartially 
by electronic pulp testing. This will be performed with 
an Analytic Technology Pulp Tester (Analytic Technology 
Redmond, Washington, USA). Testing performed at a 
rate of 2 min to approve the pulp tester readings, a 
control‑unanesthetized tooth on the contra‑lateral side of 
the upper jaw was also tested at base line i.e., benchmark 
and at intervals in the study.

Anesthetic success is considered when a tooth is stimulated 
twice by the electronic pulp tester to the maximum 
stimulation (64 reading) with no positive sensation. The 
efficacy of pulp anesthesia was assessed for maxillary 
upper tooth subjected for extraction or its adjacent 
teeth (if intended tooth for extraction was not vital), 
before injection (baseline or benchmark) and at intervals of 
2 minutes until 10 minutes. At any point of trial (10 minutes), 
the anesthetized tooth becomes unresponsive for maximal 
pulp stimulation (64 reading), the extraction was performed. 
Following 10 minutes of injection of local anesthesia, if the 
anesthetized tooth was still positively responsive to electrical 
pulp tester, the second cartridge of LA was given.



Gazal, et al.: Failure of anesthesia in the maxillary teeth

59Saudi Journal of Anesthesia / Volume 14 / Issue 1 / January‑March 2020

BI regimen was administered. The dental surgeon gave all 
injections. Standard aspirating dental cartridge syringes 
(USA: ATI) fitted with 27‑gauge, 21 mm short needles were 
utilized for buccal and palatal infiltrations.

Power calculation
Totally, 96 patients were recruited in this study based on a 
study by Gazal et al.[24] It was found that a sample size of 90 
would have 90% power to spot the difference in the onset 
time of action of articaine and mepivacaine when used for 
upper teeth extractions. Data Information were entered and 
analyzed in statistical software package SPSS (SPSS 20, SPSS, 
Inc., Chicago, IL, USA).

Results

Ninety‑six patients were participated in this study and four 
patients were excluded due to the phobia of local anesthetic 
injections.

Anesthetic success
In this study there were 30 patients had anterior teeth 
extraction, 23 had upper premolars extraction and 39 had 
molars extraction [Table 1]. 79 patients in this study had 
successful upper teeth anesthesia and extraction within the 
study duration time of 10 minutes. Failure of anesthesia was 
recorded in 13 patients (3 patients in anterior teeth group, 
4 patients in middle teeth group, and 6 patients in posterior 
teeth group) and extra injections were administrated for 
completing the tooth removal procedures. Crosstabs analysis 
was carried out to obtain the numbers and percentages 
of patients in upper anterior, middle and posterior teeth 
extraction groups. Figure 1 and Table 2 summarizes the 
overall outcome of the anesthetic success for the pulp of 
upper teeth of the 92 patients who participated in the study. 
In this table, the anesthetic success represents “no response 
to maximal electronic pulp stimulation (64 reading)”, and 
the anesthetic failure represents “positive response to 
electronic pulp stimulation”. 10 out of 13 patients with failure 
anesthesia was found in middle and posterior teeth groups. 
Teeth with multiple roots might need more local anesthetic 

solution than single rooted teeth. By application Person’s 
Chi‑square test (x2), there were no significant differences 
in the number of the episodes of the anesthetic success for 
patients in anterior, middle and posterior teeth groups at 
time intervals (P value = 0.437).

Anesthesia onset time and extraction
There were no significant differences between the means 
of anesthesia onset time and extraction for patients in 
prilocaine and lidocaine groups (P‑value >0.05). The range 
for anesthesia onset time and extraction of upper teeth 
in this study was from 2 to 14 minutes. Table 3 shows the 
mean onset time of anesthesia and extraction for patients 
in anterior, middle and posterior teeth extraction groups. 
Clinically anesthesia onset time was faster in anterior upper 
teeth than upper middle and posterior teeth (means: 3.73, 
4.96, and 4.36 min, SD: 3.10, 3.90, and 3.52 min). The 
application of ANOVA T‑ test revealed that there were no 
significant differences in the mean onset time of pulpal 
anesthesia and extraction between the anterior, middle and 
posterior teeth extraction groups (P‑value = 0.449) [Table 3]. 
However, patients in the anterior extraction group recorded 
faster pulpal anesthesia and earlier teeth extraction than 
patients in the middle and posterior extraction groups but 
these findings were statistically non‑significant.

Discussion

The findings of this study showed that the failure rate of 
anesthesia was higher in the patients who have posterior teeth 
for extraction than those with anterior ones. Single rooted 
teeth achieved clinically fast pulpal anesthesia and early teeth 
extraction compared with the teeth of multiple roots.

Table 1: Distribution of patients according to the tooth 
extraction morphology in both the lidocaine and prilocaine 
groups

Tooth extraction group Treatment group Total
Lidocaine 
regimen

Prilocaine 
regimen

Anterior teeth group 14 16 30
Middle teeth group 15 8 23
Posterior teeth group 17 22 39
Total 46 46 92

Figure 1: Represents the number of anterior, middle and posterior teeth 
along with the anesthesia onset time of action after the administration of 
local anesthetic agents
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There are number of factors that contribute to local anesthetic 
failure in dental practice.[9] These factors are related to 
either the patient or the operator. Patient‑dependent 
factors are anatomical, pathological and psychological.[9,10] 
These subjective factors were not the underlying cause for 
anesthetic failure in our study. Patients with pathological 
lesions and psychological problems were excluded from 
the beginning of the study. On the other hand, operator 
dependent factors are years of experience and the correct 
choice of technique and solution.[18] The dental surgeon (GG) 
who administrated all the infiltrative injections of LA in 
this study was well trained with 25 years of experience.[2] 
The buccal infiltration technique used for the extraction 
of upper maxillary teeth in this study was the appropriate 
one. Therefore, the operator objective factors are not the 
reason for the failure of dental local anesthesia amongst 
our participants.

In light of these facts, there are four possible accounts may 
explain the reasons for the failure of dental anesthesia in our 
study. First account might increase in the acidity at the site 
of injection. The subject with failure of dental anesthesia 
could have been diagnosed with irreversible pulpitis at the 
time of extraction.[20] This means the physiological pH of 
surrounding soft tissue around the apex of subject tooth for 
extraction will be decreased.[23‑27] In the presence of tissue 
infection or inflammation (acidic pH), the free base (NR3) of 
the anesthetic hydrochloride salt of tertiary amine (NR3 ‑ HCL) 
fail to liberated from its salt (HCL).[6,7] As a result of zero or 
few number of free bases (NR3) binds to specific receptors in 
the sodium channels to block the influx of sodium ions and 
nerve impulse generation, failure of anesthesia occurs.[6,28,29] 
Second account could be tooth morphology. This comprises 
size and number of roots for each tooth listed for extraction. 
Theoretically, single rooted teeth have less bulky pulpal tissue 
than multiple rooted teeth and therefore they should have 

early anesthesia and extraction.[19,20] This fact may justify the 
causes of dental anesthesia failure with multiple rooted teeth. 
Our study results are consistent with the findings of Gazal 
et al’s study that indicated that the anesthesia onset time 
was faster in anterior upper teeth than middle and posterior 
ones.[24] Number of dental anesthesia failures was slightly 
higher in patients with multiple rooted teeth than those 
with single rooted teeth. A study by Moradi Askari et al.[10] 
was conducted on 100 patients suffering from irreversible 
pulpitis of maxillary first molars to evaluate the effectiveness 
of root length on the success rate of buccal infiltration 
anesthesia. Following the administration of buccal infiltration 
injections of 2% lidocaine with 1:80,000 epinephrine, root 
canal treatments were carried out. Pain assessment scores 
were recorded by using the Heft‑Parker visual analog scale 
at different points of dent treatment. The findings of this 
study showed that patients with longer roots of maxillary 
first molars have more anesthesia failure following a single 
buccal infiltration injection with 2% lidocaine and 1:80000 
epinephrine than those with short roots.[19] No significant 
difference was found between 2% lidocaine and 4% articaine 
in terms of anesthetic success in maxillary first molars with 
irreversible pulpitis.[3,19] Furthermore, another interesting 
results were found by Hosseini et al.[20] who studied the effect 
of root length of first maxillary molars with symptomatic 
irreversible pulpitis on the success of buccal infiltration 
anesthesia regardless of what the type of anesthetic agent 
was used. Hosseini’s study findings reported that the length 
of the palatal root had a significant negative influence on 
anesthetic success.[20] Third account is the thickness of buccal 
cortical plate of maxillae. It was reported that the thickness of 
the buccal cortical plate is around 1.59 ± 0.7 mm.[30‑32] Labial 
plate of upper anterior teeth is thinner than the buccal plate of 
posterior teeth. Although the buccal plate of maxillae is more 
porous and less dense than the buccal aspect of mandibular 
bone, the thickness of buccal plate is still performing a barrier 

Table 2: Number of the anterior, middle and posterior teeth with anesthetic successes at intervals of 2 minutes in 92 adult patients

Anaesthetic success at time interval 2 min 4 min 6 min 8 min 10 min >10 min Total 92
n (%) n (%) n (%) n (%) n (%) n (%) n (%)

anterior teeth group 19 (63) 5 (17) 3 (10) 0 (0) 0 (0) 3 (10) 30 (100)
middle teeth group 11 (48) 3 (13) 5 (22) 0 (0) 0 (0) 4 (17) 23 (100)
posterior teeth group 20 (51) 10 (26) 3 (8) 0 (0) 0 (0) 6 (15) 39 (100)
Person’s Chi‑square test (x2) 7.966
P 0.437

Table 3: Comparisons between mean onset time of anaesthesia for patients in anterior, middle and posterior teeth groups

Groups Number of patients n Mean (SD) (min) ANOVAt-test (df=89) P
Anterior teeth 30 3.73 (3.10)

Anesthesia onset time Middle teeth 23 4.96 (3.90) 0.808 0.449
Posterior teeth 39 4.36 (3.52)

Bold value is not statistically significant because P value > 0.05
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in front of the diffusion of the local anesthesia.[31] The more 
the thickness of the buccal plate the slow the onset of action 
of LA. This fact is supported by the results of Flanagan’s 
study[30] which reported that articaine buccal infiltration can 
be a substitute injection for Inferior Alveolar Nerve Block in 
posterior mandibular teeth on condition that the thickness of 
buccal cortical plate must be less than 3 mm. So, 2‑3 mm is a 
cutoff point for successful anesthesia in mandible posterior 
infiltration.[31,32] Fourth account was suggested by Omar 
et al.[33] that the relationship between the upper multiple 
rooted teeth and maxillary sinus in particular the upper 
first molars can have an influence on the success rate of the 
infiltrative local anesthetic injections. In some cases, the 
maxillary sinus might occupy the space between the buccal 
and palatal roots of upper first molars.[34,35] This means that 
the diffusion of the local anesthetic solution might obstruct 
by the membrane of the maxillary sinus and therefore, the 
palatal root will not anesthetize.[36] Therefore, morphology 
of the tooth and adjacent hard tissue do play a role in the 
success rate of maxillary local anesthetic injections.

Conclusion

This study showed that the single rooted teeth have faster 
pulpal anesthesia and early extraction than teeth with 
multiple roots but not statistically significant. Administration 
of extra local anesthetic cartridge or using intraseptal 
injection technique can be a solution to overcome the failure 
of anesthesia in the maxillary posterior teeth.
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