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ABSTRACT
Objective: To investigate the speed of action and injection discomfort of 2% lidocaine and 3% prilocaine for upper teeth 
extractions.

Materials and Methods: Forty‑six patients were included in the prilocaine 3% group, and 46 in the lidocaine 2% control group. 
After all injections, soft and hard tissue numbness was objectively gauged by dental probe at intervals of 15 s. Moreover, the 
pain of the injections was recorded by the patients after each treatment on standard 100 mm visual analog scales, tagged 
at the endpoints with “no pain” (0 mm) and “unbearable pain” (100 mm).

Results: There were no significant differences in the meantime of first numbness to associated buccal, palatal mucosa, 
and tooth of patients in the lidocaine and prilocaine buccal infiltration groups (P = 0.56, 0.37, and 0.33). However, clinically, 
the patients in prilocaine group recorded earlier buccal, palatal mucosa, and teeth numbness than those in lidocaine group. 
With regards to the discomfort of the needle injections, there was a significant difference for lidocaine and prilocaine groups 
when comparing the post buccal scores with the post palatal injection scores (t‑test: P < 0.001). Lidocaine and prilocaine 
buccal injections were significantly more comfortable than palatal injections.

Conclusions: Using 2% lidocaine and 3% prilocaine for extractions of upper maxillary teeth produces similarly successful 
anesthesia. Clinically, prilocaine has slightly rapid onset of action, earlier buccal mucosa, hard palate, and teeth numbness. 
Prilocaine and lidocaine buccal injection was significantly more comfortable than palatal injection.
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Introduction

Local anesthetics  (LAs) are essential medications for the 
treatment of most dental diseases. They have been used for 
over 100 years for the management of perioperative dental pain 
in both adults and children.[1,2] The availability of a variety of 
LAs for the provision of dental care enables dental practitioners 
to select the LA based on the patient’s medical history and 
the requirements of the treatment to be performed.[3] As 

with every medication, each LA has unique pharmacological 
properties and specific benefits and risks when selected for use 
in dental treatment.[3] Lidocaine is considered the prototypical 
amide anesthetic agent and similar to prilocaine in its clinical 
profile.[4] However, prilocaine is an amide‑type LA analog to 
articaine but its molecular structure differs from articaine by 
the presence of a benzene ring instead of a thiophene ring.[5] 
Prilocaine is slightly less potent and considerably less toxic 
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than lidocaine as a LA agent. Prilocaine produces less tissue 
vasodilation than lidocaine and can be used reliably in plain 
solution form for short‑duration procedures.[6] Lidocaine has 
a dissociation constant  (pKa) of 7.85, highly protein‑bound 
77%, relative potency of 4, and relative toxicity of 2. However, 
prilocaine has pKa of 7.7, protein binding of 55%, relative 
potency of 4, and relative toxicity of 1.5. In light of these facts, 
prilocaine and lidocaine have similarity values of pKa, which are 
closer to physiological pH (7.4).[7] This means equal numbers of 
uncharged base LA molecules are present to diffuse through 
the nerve sheath, and consequently, a comparable onset time 
of action will be achieved.[5]

Symptomatic teeth, especially the ones with irreversible 
pulpitis, may encounter extra difficulties to obtain pulpal 
anesthesia. The anesthetic failure can be due to hyperalgesia 
in enclosed pulp tissues.[8] Inflamed tissues may alter the 
nerves’ resting membrane potentials and decrease excitability 
thresholds.[9‑11] Therefore, routine LA techniques may not 
prevent nerve transmission adequately because of the 
lowered excitability thresholds.

2% Lidocaine with 1:80,000/1:100,000 adrenaline remains the 
gold standard dental LA with teaching about its safety and 
uses in all but some situations.[12‑14] Based on the literature, 
adrenaline is considered a stronger vasoconstrictor than 
felypressin, and as a consequence, longer duration of action 
will be achieved. However, felypressin is a synthetic hormone 
with similar properties to vasopressin.[15] In contrast to 
adrenaline, felypressin does not produce ischemia distal to or 
at the injection site. It is particularly suitable for use in patients 
for whom the use of solutions containing sympathomimetic 
agents is contraindicated.[16] The superiority of lidocaine with 
adrenaline to prilocaine with felypressin buccal infiltrations 
for maxillary teeth extractions is still not 100% remarkable.[17] 
There were few trails in the literature that investigated the 
influence of lidocaine and prilocaine buccal infiltrations 
for upper teeth extractions. However, their findings were 
questionable, particularly if study design or sample size was 
inappropriate.[16‑19] Our aim is to assess the depth of local 
anesthesia (LA) in healthy patients when buccal infiltration 
of 2% lidocaine with adrenaline (1:100,000) and 3% prilocaine 
with felypressin (0.03 IU per ml) were administrated. The null 
hypothesis is the buccal and palatal infiltrations of lidocaine 
and prilocaine injections are equally effective in securing 
teeth anesthesia in maxillary.

Materials and Methods

This randomized, controlled study was conducted from 
November 22, 2016, to May 22, 2017. Taibah Dental School 
Research Ethics Committee had approved the study. Patients 

who attended the Oral Surgery Department of Taibah 
University College of Dentistry, scheduled for extraction 
of teeth under LA were considered for inclusion in the 
study. Using convenient sampling pattern, 96 patients were 
selected to one of the two groups. Male patients aged 
from 16 to 70 years of age, scheduled for extraction of one 
maxillary tooth, class I or II according to American Society of 
Anesthesiology, and able to understand and cooperate with 
the requirements of the protocol were included in this study. 
Patients were excluded from the study who were allergic to 
LA or need multiple teeth extraction.

Prior to the study, a researcher allocated the sequence 
of patient identity numbers to either the test or control 
group. Slips of paper with 3% prilocaine (test group) or 2% 
lidocaine (control group) were placed in opaque envelopes 
and sealed by a secretary who was not associated with the 
study. These envelopes had been numbered sequentially 
on their outside with the patient identity number and were 
attached to the patient’s dental hospital treatment record. 
On dental chair, once the patient signed the consent, the 
attached envelope was opened by the dental assistant who 
was completely independent of the whole process. If the 
patient was in lidocaine or prilocaine group, the LA needle 
was inserted at the depth of the sulcus adjacent to the apical 
of the tooth listed for extraction and advanced 4–7  mm 
until an adequate bony contact is achieved, then 1.4  ml 
lidocaine 2% with epinephrine 1:100,000 or prilocaine 3% 
felypressin  (0.03 IU per ml) was delivered slowly over  40 
s after aspiration and a 0.4 ml mepivacaine infiltration in 
the hard palate 5 mm far from gingival margin over 20 s. 
No anesthetic solution will be deposited as the needle is 
advanced to the target site in either regimen.

The discomfort of the injections was recorded by the patients 
after each treatment on standard 100  mm visual analog 
scale (VAS), tagged at the endpoints with “no pain” (0 mm) 
and “unbearable pain” (100 mm).

After all injections, soft and hard tissue numbness was 
subjectively gauged by dental probe at intervals of 15 s. 
After 10 min of injection of LA, if the anesthetized tooth 
is still positively sensitized, the second cartridge of LA was 
administered.

Both patients and the researcher testing anesthetic 
effectiveness were not aware to which L A buccal 
infiltration(BI)  regimen was administered. All injections 
were given by the same operator. Standard aspirating dental 
cartridge syringes  (USA: ATI) fitted with 27‑gauge, 21 mm 
short needles (C‑K Ject [27‑gauge] 0.4 mm × 21 mm, Korea) 
were used for buccal and palatal infiltrations.
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Data were entered and analyzed in statistical software 
package (SPSS 20, SPSS, Inc., Chicago, IL, USA).

Results

Ninety‑six adult patients were recruited. Four patients were 
excluded due to faint following LA injection (two patients 
from lidocaine regimen and two from prilocaine regimen) 
and were excluded consequently according to study protocol 
and official clearances. In this study 92  patients secured 
anesthetic success for upper teeth after lidocaine and 
prilocaine regimens within 10 min and they had successful 
extraction. However, there were 13  patients with failure 
dental extraction who did not achieve the anesthetic success 
within the study duration time (10 min) and an additional 
LA was administered. There were five patients in prilocaine 
group and eight patients in lidocaine group.

Time of first numbness to associated buccal, palatal soft 
tissue, and teeth
The mean time of first numbness to associated buccal, palatal 
mucosa, and tooth was 1.01, 0.58, and 3.48 min  (standard 
deviation 0.76, 0.51, and 3.49), respectively. The mean time of 
first numbness to associated buccal, palatal mucosa, and tooth 
of patients in lidocaine buccal infiltration group were 1.06, 0.63, 
and 3.84 min (standard deviation 0.68, 0.51, and 3.71). Whereas, 
the mean time of first numbness to associated buccal, palatal 
mucosa, and tooth of patients in prilocaine buccal infiltration 
group were 0.97, 0.54, and 3.13 min  (standard deviation 
0.84, 0.51, and 3.26), respectively. There were no significant 
differences in the meantime of first numbness to associated 
buccal, palatal mucosa, and tooth of patients in the lidocaine 
and prilocaine buccal infiltration groups (P‑value = 0.56, 0.37, 
and 0.33) [Table 1 and Figure 1]. However, clinically, the patients 
in prilocaine group recorded earlier buccal, palatal mucosa, and 
teeth numbness than those in lidocaine group.

There were no significant differences in the meantime of first 
numbness to associated buccal mucosa of patients between 
the two buccal infiltration groups  (P  >  0.05). However, 
clinically buccal mucosa numbness was faster in articaine 
group than patients in the mepivacaine group.

Injection discomfort
The discomfort of the injections was recorded by the patients 
after each treatment on standard 100  mm VAS, tagged 
at the endpoints with “no pain”  (0  mm) and “unbearable 
pain” (100 mm). The range pain injection score of patients in 
the study was from 0 to 100. The mean pain scores for post 
buccal and palatal injections were 27 and 45 mm, respectively 
(SD 17.35 and 24.16). There were no significant differences 
between the mean pain scores for patients in the post buccal 
and post palatal injection groups (t‑test: P >0.05). Clinically, 
palatal injections were more painful than buccal infiltrations.

For both lidocaine and prilocaine groups, changes in pain 
injection scores from post buccal injection score to post 
palatal score were made using the paired sample t‑test. 
There was a significant difference for lidocaine and prilocaine 
groups when comparing the post buccal scores with the post 
palatal injection scores  [P  <  0.001, Table  2]. Lidocaine 
and prilocaine buccal injections were significantly more 
comfortable than palatal injections [Figure 2].

Discussion

The results of this study showed that 2% lidocaine with 
1:100,000 epinephrine and 3% prilocaine with felypressin 

Table 1: Comparisons between mean time of first numbness to associated buccal, palatal mucosa and tooth of the patients in 
lidocaine and Prilocaine infiltration groups

Onset of numbness Groups Number of patients (n) Mean  (SD) t‑test  (df=90) P
First numbness to buccal mucosa Lidocaine regimen 46 1.06 (0.68) 0.59 0.56

Prilocaine regimen 46 0.97 (0.84)
First numbness to palatal mucosa Lidocaine regimen 46 0.63 (0.51) 0.90 0.37

Prilocaine regimen 46 0.54 (0.51)
First numbness to tooth Lidocaineregimen 46 3.84 (3.71) 0.98 0.33

Prilocaine regimen 46 3.13  (3.26)

Figure 1: Clustered Bar charts showing the mean time of first numbness to 
buccal, palatal mucosa and tooth of patients in the lidocaine and prilocaine 
buccal infiltration groups
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(0.03 IU) buccal infiltrations produced similar anesthetic 
success for the upper teeth extraction. There were no 
significant differences in the meantime of first numbness to 
associated buccal, palatal mucosa, and tooth of patients in the 
lidocaine and prilocaine buccal infiltration groups (P > 0.05). 
Clinically, patients in the 3% prilocaine buccal infiltration 
group recorded faster onset time of anesthesia than patients 
in 2% lidocaine buccal infiltration group, but this did not 
achieve a statistical significance.

The outcome of this study can be justified by the fact that the 
molecular structures of lidocaine and prilocaine are nearly 
the same. Both of them have a benzene ring and similar 
degree of lipid solubility. Potency of LA agent is determined 
by the degree of its lipid solubility. Greater lipid solubility 
enhances diffusion through the nerve.[20] So, lidocaine and 
prilocaine differ from articaine by the presence of a benzene 
ring instead of a thiophene ring.[21]

Based on the literatures, lidocaine is considered as a standard 
amide anesthetic agent and similar to prilocaine in its clinical 
profile. Amide LA are metabolized in the liver. Prilocaine is 
an exception as it is metabolized primarily not only in the 
liver but also in the kidneys and lungs. Prilocaine is removed 
from the circulatory system for renal clearance faster than 
lidocaine.[4,10,22]

Lidocaine has dissociation constant (pKa) of 7.85. It favors 
producing more available unionized free base for action 
on the nerve membrane and for production of conduction 
block.[4,10,22] If lidocaine is placed in plasma (pH 7.4), 65% of 
drug is ionized and 35% remain unionized. Lidocaine is highly 
protein binding (65%); two times as potent as procaine and 
two times as toxic as procaine. However, prilocaine has pKa 
of 7.7 and protein binding of 55%, potency of 2, and relative 
toxicity of 1.[14,22]

The findings of this study are consistent with the results 
of Burton’s study, which is conducted on 125  patients to 
compare between prilocaine and lidocaine for minor eyelid 
procedures. Following eyelid injections, pain was assessed 
subjectively using a visual analog pain score, graded from 
0 to 10. The outcome of this study reported that prilocaine 
was a more comfortable local infiltration anesthetic agent 
than lidocaine when used for minor eyelid procedures. The 
mean pain score for the prilocaine group was 1.82 compared 
with 3.19 for the lidocaine group.[23]

Moreover, a randomized, double‑blind study was carried 
out to compare between lidocaine and prilocaine buccal 
infiltrations used for pulpal anesthesia of the mandibular first 
molar. The findings of this study revealed that the success 
rate for the 4% lidocaine formulation was 33%, and 32% for 
the 4% prilocaine formulation.[24]

Furthermore, a study by Katz et al. (2010) was conducted to 
evaluate the anesthetic efficacy of 2% lidocaine with 1:100,000 
epinephrine, 4% prilocaine with 1:200,000 epinephrine, in 
maxillary lateral incisors and first molars. The result of this 
study reported that both the lateral incisor and first molar, 
4% prilocaine with 1:200,000 epinephrine and 2% lidocaine 
with 1:100,000 epinephrine were equivalent for incidence 
of pulpal anesthesia.[25]

On the contrary, the findings of this study are inconsistence 
with the results of Pool’s[26] study, which was conducted on 
40  patients scheduled for bilateral upper blepharoplasty. 
Following upper eyelid injections, patient was asked to 
score the pain experienced on infiltration using a VAS (0–10). 
Furthermore, the assessments of the need for reinjection 
during the operation; perioperative bleeding; and degree of 

Table 2: Comparisons between mean post buccal infiltration and post palatal injection pain scores for patients in the lidocaine and 
prilocaine groups

Groups Pain scores Number of volunteers  (n) Mean  (standard deviation) t‑test  (df=44) P
Lidocaine Post buccal infiltration 46 27.2 (15.44) ‑9.44 <0.001

Post palatal injection 46 47.0 (21.10)
Prilocaine Post buccal infiltration 46 26.5 (19.23) ‑7.30 <0.001

Post palatalinjection 46 43.5  (27.10)

Figure  2: Boxplot chart showing the comparison between mean pain 
scores for buccal and palatal injection groups for lidocaine and prilocaine 
regimens
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edema, erythema, and hematoma were carried out by the 
surgeon before discharging the patient on a four‑point rating 
scale (no, minimal, moderate, or severe). The finding of this 
study revealed that pain scores were significantly lower in 
upper eyelids injected with lidocaine than in those injected 
with prilocaine (P = 0.04). Degree of postoperative edema, 
erythema, and hematoma were significantly lesser in upper 
eyelids anesthetized with lidocaine than prilocaine.[26]

In light of these facts, prilocaine and lidocaine have similarity 
values of pKa, which are closer to physiological pH  (7.4). 
This means equal numbers of uncharged base LA molecules 
are present to diffuse through the nerve sheath, and as 
a consequence, a comparable onset time of action will 
be achieved. So, in this study, there were statistically no 
significant differences between the anesthetic onset time 
for both lidocaine and prilocaine.

However, clinically the patients in prilocaine group recorded 
earlier buccal, palatal mucosa, and teeth numbness than 
the patients in lidocaine group. Furthermore, the number 
of patients with failure anesthesia was higher in lidocaine 
than prilocaine groups. Eight patients in lidocaine group 
and five patients in prilocaine group reported having failure 
anesthesia with duration time of study (10 min) and required 
additional LA for completing the extraction.

There are two possible explanations for the superiority of 
prilocaine over lidocaine regarding the time of onset of LA.

Firstly, prilocaine is considered the least vasodilator agent 
among the amide LA groups. This means the LA solution 
will stay around the nerve for longer duration and more free 
bases of LA molecules will be available to diffuse deep down 
in the nerve.[10,22] Consequently, the depth of anesthesia will 
be increased.

Secondly, prilocaine’s dissociation constant value (pKa 7.7) is 
slightly less than lidocaine (pKa 7.85).[22] This means prilocaine 
has more numbers of uncharged base LA molecules that are 
present to diffuse through the nerve sheath than lidocaine, 
and consequently, faster onset time of action will be achieved. 
As a general idea in the pharmacology of LA, “Agents having 
lower pKa have a greater proportion in tertiary, diffusible 
state, and this hastens onset.”[20,21]

On the contrary, the increasing number of failure cases 
with the lidocaine group might be as a result of irreversible 
pulpitis. The present study reported that the carries was 
the main reason for referring 52 (56.5%) patients for dental 
extraction. Decayed teeth diagnosed with irreversible pulpitis 

could have been difficult or failure to be anesthetized.[27] 
Therefore, the tooth speed of response to LA depends on 
the tooth condition at the time of extraction.[27,28] Teeth 
referred for extraction as a result of orthodontic, periodontal, 
or dental pathological reasons anesthetized faster than the 
ones with grossly decays.

Adrenaline added to lidocaine acts on both α and β adrenergic 
receptors; β effects predominate. Felypressin added to 
prilocaine acts by directly stimulating vascular muscle.[4,22] It 
has little direct effect on the heart or on adrenergic nerve 
transmission. Its actions are more pronounced on venous 
rather than on arteriolar microcirculation.[4,10,22] So, felypressin 
may be safely used in patients with mild to moderate 
cardiovascular disease (hypertension and hyperthyroidism). 
However, felypressin is not recommended for use when 
hemostasis is required because of their predominant effect 
on venous rather than arteriolar circulation.[22]

A study by Ezmek et al. (2010)[29] was conducted to compare 
the hemodynamic effects of lidocaine, prilocaine, and 
mepivacaine solutions without vasoconstrictor during tooth 
extraction in hypertensive patients. Sixty‑five mandibular 
molars and premolars were extracted in 60 hypertensive 
patients. Inferior alveolar and buccal nerve blocks were 
performed with 2% lidocaine, 2% prilocaine, or 3% mepivacaine 
without vasoconstrictor. The result of this study revealed that 
the hemodynamic effects of the three agents were similar to 
each other. Lidocaine, prilocaine, and mepivacaine solutions 
without vasoconstrictor can be safely used in hypertensive 
patients.[29]

Patients in lidocaine and prilocaine groups reported that 
buccal injections were more comfortable than palatal 
ones. There are two accounts for explaining “why palatal 
injection was more painful than buccal one?.” First account, 
is the anesthetic technique used for buccal infiltration is 
called supra‑periosteum. This means the deposition of 
the LA solution above the periosteum.[4,22] However, the 
technique used for palatal injections was sub‑periosteum. 
This means the deposition of the LA solution is underneath 
the periosteum. Sub‑periosteum injection technique is very 
painful because the needle will perforate the periosteum 
membrane in and this action is considered very painfu.[10,14] 
The nasopalatine and greater palatine nerves provide the 
sensory innervation of the palatine bone, periosteum, and 
mucosa.[22] Second account is the nature of palatal mucosa 
or gingiva, which is very adhesive to underneath bone. 
Building‑up pressure arising from the deposition of LA 
solution under sticky gingiva will generate painful sensations 
in addition to the pain coming from the insertion of the 
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needle.[1] So, the pain associated with such an anesthetic 
technique is coming from the perforation of the periosteum 
and the speed of the pressure of the fast injection.[1,30]

In conclusion, increased discomfort of injection following 2% 
lidocaine and 3% prilocaine injections might be as a result of 
the anesthetic technique, speed of injection, or patient with 
needle phobia.[31‑34] Meechan (2011) reported that the clinical 
impact of articaine’s higher post injection pain scores than 
lidocaine is negligible.[35]

Conclusions

Using 2% lidocaine and 3% prilocaine for extractions of upper 
maxillary teeth produces similarly successful anesthesia. 
Clinically, prilocaine has slightly rapid onset of action, 
earlier buccal mucosa, hard palate, and teeth numbness. 
Prilocaine and lidocaine buccal injection was significantly 
more comfortable than palatal injection.
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