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Aim: The aim of this study was to evaluate the efficacy of, and patients’ subjective responses to, 

periodontal ligament (PDL) anesthetic injection compared to traditional local-anesthetic infiltra-

tion injection for the nonsurgical extraction of one posterior maxillary permanent tooth.

Materials and methods: All patients scheduled for nonsurgical symmetrical maxillary pos-

terior permanent tooth extraction in the Department of Oral and Maxillofacial Surgery at the 

University of Jordan Hospital, Amman, Jordan over a 7-month period were invited to participate 

in this prospective randomized double-blinded split-mouth study. Every patient received 

the recommended volume of 2% lidocaine with 1:100,000 epinephrine for PDL injection on 

the experimental side and for local infiltration on the control side. A visual analog scale (VAS) 

and verbal rating scale (VRS) were used to describe pain felt during injection and extraction, 

respectively. Statistical significance was based on probability values 0.05 and measured 

using χ2 and Student t-tests and nonparametric Mann–Whitney and Kruskal–Wallis tests.

Results: Of the 73 patients eligible for this study, 55 met the inclusion criteria: 32 males and 

23 females, with a mean age of 34.87±14.93 years. Differences in VAS scores and VRS data 

between the two techniques were statistically significant (P0.001) and in favor of the infiltra-

tion injection.

Conclusion: The PDL injection may not be the alternative anesthetic technique of choice to rou-

tine local infiltration for the nonsurgical extraction of one posterior maxillary permanent tooth.

Keywords: PDL injection, infiltration, anesthesia, extraction

Introduction
Local anesthesia (LA) is the most commonly used treatment modality for pain control 

during medical and dental procedures.1 However, the LA injection itself has been 

reported as the only perceived painful part of dental procedures, and the associ-

ated fear of this injection is often considered a factor in avoiding dental treatment.2 

Numerous studies have investigated factors determining fear, as well as success and 

effectiveness of LA injections, including tissue distensibility,1 speed of injection,3 

solution temperature,4 and patient characteristics.5 In addition, the type of technique 

has been reported to have an important role in determining pain perceived at the time 

of injection or extraction.6

Local infiltration is commonly regarded as the technique of choice for confined 

maxillary anesthesia, because it is an easier technique to perform, not affected by col-

lateral innervations, and allows rapid and easy diffusion of the LA solution through the 
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relatively porous maxillary bone and its thin bony cortex.1,7 

However, local infiltration techniques show great variation 

in success rates8,9 and pain scores during administration of 

anesthetic injections for maxillary teeth.6 This variation 

has been explained by anatomical deviations in the bone 

surrounding maxillary teeth and individual variations in 

response to the anesthetic agent administered.10 As such, 

the periodontal ligament (PDL) injection was suggested 

as a possible alternative to minimize pain scores during 

injection of LA for maxillary teeth procedures.6,11 The PDL 

anesthetic-injection technique was first described in 1924 

and popularized in the 1970s, when special dental syringes 

were dedicated to this technique.12 It entails the deposit of LA 

solution into the coronal part of PDL and then the solution 

reaches the alveolar bone through fenestrations found in the 

alveolar socket.13 The PDL anesthetic-injection technique is 

often employed as a supplemental injection for unsuccessful 

conventional techniques, particularly inferior alveolar nerve 

block for mandibular anesthesia.14 However, it is also the 

preferred primary technique when anesthesia of short dura-

tion is desired and a safer alternative when limited soft-tissue 

anesthesia for simple single-tooth extraction is required15 

or for patients with bleeding tendencies.16 This technique 

shows variable success rates according to the indication for 

treatment,17 rapid onset of action, 30–45 minutes’ duration 

of anesthesia,18 and rare systemic toxicity.15,19

The literature concerning the success and pain scores of 

the PDL injection technique compared with other techniques 

remains controversial: whereas some studies20,21 have found 

no significant difference in pain scores between local infiltra-

tion and PDL injection, other older studies found that pain 

during administration of PDL injection was described by the 

majority of patients as either greater than local infiltration6 

or as a less painful injection compared with other injection 

techniques.22,23 The results of the most recent studies11,24–26 

showed that PDL anesthesia is an effective anesthetic tech-

nique for localized anesthesia in the mandible. With new 

devices like the computer-controlled LA-delivery system 

(CCLADS), the PDL injection has been reported as a con-

venient primary anesthetic technique of LA for both patient 

and dentist,24 and as effective as local infiltration when 

used during conservative treatment of primary mandibular 

posterior teeth;25,27 however, local infiltration has been more 

effective than PDL when used during extraction procedures.27 

Compared with conventional local infiltration anesthesia, 

PDL anesthesia with CCLADS reduces injection pain while 

achieving a satisfactory anesthetic effect.27 The first meta-

analysis comparing the effectiveness of anesthesia and pain 

during injection between inferior alveolar nerve block and 

PDL concluded that PDL was neither superior nor inferior.28 

However, to the author’s best knowledge, no published 

English literature has compared conventional primary PDL 

injection and local infiltration for single maxillary permanent 

tooth anesthesia and extraction.

The aim of this study was to evaluate the efficacy of and 

patients’ subjective responses to the PDL injection technique 

compared to the traditional infiltration injection for the 

nonsurgical extraction of one posterior maxillary permanent 

tooth. In the present study, the null hypothesis was that the 

PDL injection would be associated with similar pain scores 

during injection and extraction compared to routine local 

infiltration for the nonsurgical extraction of one posterior 

maxillary permanent tooth. Therefore, PDL injection would 

be the alternative technique of choice to routine local infil-

tration for nonsurgical extraction of one posterior maxillary 

permanent tooth.

Materials and methods
This was a prospective randomized double-blinded split-

mouth study approved by the research ethics committee at 

the University of Jordan (10/2015/15791), and registered in 

a public trials registry (ClinicalTrials.gov, NCT03173898). 

It was conducted according to the principles of the Helsinki 

Declaration from July 6, 2015 to January 31, 2016. All patients 

scheduled for nonsurgical symmetrical maxillary posterior 

permanent tooth extraction in the Department of Oral and 

Maxillofacial Surgery at the University of Jordan Hospital, 

Amman, Jordan were invited to participate in this study. 

Written informed consent was then obtained from the patient 

or legal guardian for patients under 18 years of age.

Inclusion criteria were patients who were fit for surgery 

under LA (classified by the American Society of Anesthe-

siologists [ASA] as ASA I–III), patients exhibiting full 

understanding of given oral instructions, and bilateral sym-

metrical posterior maxillary permanent teeth referred for 

nonsurgical extractions under LA. Exclusion criteria were 

presence of acute dentoalveolar infection, patients requiring 

conscious sedation or general anesthesia, patients unwilling 

to participate in the study, patients with ASA III; patients 

on anti-inflammatory or recreational drugs, and patients 

requiring more than two additional injections in one or both 

sides for incomplete anesthesia.

Patients were instructed and guided by a blinded clinician 

on two self-reported scales used for assessment of pain in 

clinical trials: the visual analog scale (VAS) and the verbal 

rating scale (VRS).29–31 The VAS is composed of a 100 mm 
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line, and allows the patient to score the pain experienced 

during injection and extraction: 0 represents “no pain” at 

the rightmost point, and 100 represents the “worst pain” 

at leftmost point. The VRS allows the patient to describe 

pain during extraction as less than expected, as expected, 

or greater than expected, and to describe the extraction as 

acceptable or unacceptable.

The recommendations of Malamed1 and other 

investigators7,17 concerning anesthetic procedures and 

volumes for posterior maxillary permanent tooth extraction 

were followed. For each technique, a standard dental syringe 

(KLS Martin, Tuttlingen, Germany), 27-gauge short dental 

needles (0.4×21 mm; CK Dental, Orange, CA, USA), and 

the recommended volume of 2% lidocaine with epinephrine 

1:100,000 (Lignospan standard; Septodont, Paris, France) in 

a cartridge-ampoule syringe at room temperature were used. 

The method of anesthesia used for the left or right sides was 

blinded to the patient and performed randomly by the same 

surgeon (MA), who was not involved in the extraction. This 

systematic random allocation was created by an independent 

resident who was not directly involved with the study. All 

patients received on one side (experimental side) a primary 

PDL injection, and on the other side (control side) a primary 

infiltration injection started by buccal injection and then fol-

lowed by palatal injection. Markings labeled on the cartridge 

were enhanced to administer the recommended volume for 

each injection accurately. Accordingly, on one side, 1.8 mL 

of the anesthetic solution for the buccal injection and 0.3 mL 

for the palatal injection were given adjacently to the tooth of 

interest at a slow rate over approximately 1 minute. On the 

other side, the PDL injection was carried out after express-

ing half of the contents of the cartridge using the standard 

dental syringe, aiming to administer 0.2 mL of solution over 

30 seconds on the mesial aspect of each root of the tooth. 

However, the needle was repositioned and the injection 

repeated when no backward pressure was felt during injec-

tion. A latency period of 5 minutes was then given to allow 

the anesthetic to take effect, during which patients were asked 

to complete the VAS by themselves to evaluate the degree 

of pain experienced on each anesthetic injection. Following 

the 5-minute latency period, the extraction procedure was 

randomly (created by an independent resident who was not 

directly involved with the study) commenced using the same 

set of instruments (elevators or forceps) and techniques for 

such extractions by the same resident who was blinded to 

the anesthetic technique administered randomly by the sur-

geon. If the patient experienced unacceptable pain during 

extraction, one additional PDL injection on the experimental 

side or buccal infiltration injection on the control side was 

given by the surgeon who was familiar with the technique 

employed on each side and then waiting 5 minutes. If the 

pain was still unacceptable, a second additional PDL injec-

tion on the experimental side or palatal injection on the 

control side was also administered, and the whole step was 

recorded. These additional injections were administered 

using a protocol identical to the primary injections. Teeth 

needing surgical extraction were excluded from the study. 

Lastly, after completion of extractions, patients were invited 

to complete the VAS and VRS by themselves to evaluate the 

degree of pain during extraction.

Power analysis
For this study, power was calculated using the statistical 

software package G*Power version 3.1.5. Post hoc power 

analysis was computed given α-values, sample size, and 

effect size. A t-test of independent means (two groups) was 

set as the statistical test to perform power analysis using 

α=0.05, sample size of 55 subjects valid for analysis, and 

medium effect size of 0.5. Analysis yielded 83.2% power.

statistical analyses
Statistical analyses were performed using SPSS 19.0 (SPSS, 

Chicago, IL, USA). VAS values and VRS data for both sides 

were assessed using Student’s t-test and χ2 test, respectively. 

Comparison of VAS values within and among individual 

groups of indications for tooth extraction and extracted teeth 

was achieved using the nonparametric Mann–Whitney and 

Kruskal–Wallis tests, respectively. A probability value less 

than 0.05 was considered statistically significant.

Results
Of the 73 patients eligible for this study, 18 were excluded: 

seven had an acute dentoalveolar infection, six required 

surgical extraction for complete removal of a tooth, and five 

were on anti-inflammatory drugs. The final cohort comprised 

a total of 55 patients: 32 males and 23 females, with mean 

age of 34.87±14.93 (range 13–65) years. As such, a total 

of 110 maxillary posterior permanent teeth were extracted: 

38 heavily carious (unrestorable), 33 periodontally com-

promised, 15 badly destructed crown structures (unrestor-

able), 14 with periapical lesions and deemed unsuitable for 

root-canal treatment, and ten for orthodontic reasons. Of the 

extracted teeth, 22 were first premolars, 30 second premolars, 

32 first molars, and 36 second molars.

The mean VAS pain score (for injection and extraction) 

in the PDL group was significantly (P0.001) higher than in 
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the infiltration group (Table 1). Differences in the VRS data 

(for extraction) and the need for additional injections were 

statistically significant (P0.05, Table 2). In the PDL group 

(experimental), none of the patients described extraction pain 

as “less than expected”; rather, it was described as “expected” 

by 33 (60%) patients and “greater than expected” by 22 (40%) 

patients, and evaluated overall as “acceptable” by only 20 

(36.4%) patients. In the infiltration group (control), extraction 

pain was described as “less than expected” by eight (14.5%) 

patients, “expected” by 36 (65.5%) patients, and “greater than 

expected” by eleven (20%) patients, and evaluated overall as 

“acceptable” by the majority (80%) of patients. In addition, 

16 (29.1%) patients needed additional PDL injections com-

pared to six (10.9%) patients needing additional infiltration 

injections. However, none of the patients required more than 

two additional injections. The majority (90.1%) of patients 

preferred the infiltration technique.

Indications for extraction and their influence on VAS 

pain scores for injection and extraction are detailed in 

Tables 3 and 4, respectively. Within each group of indica-

tions, Mann–Whitney tests showed statistically significant 

(P0.05) differences between the two injection techniques. 

However, when ignoring injection technique, Kruskal–

Wallis tests showed that VAS differences among groups 

of indications were statistically significant (P0.05) for 

extraction pain only. For median VAS score, indications 

were ordered: orthodontic teeth  periapical lesion = pro-

found caries  fractured teeth  periodontitis. However, 

Mann–Whitney tests revealed that this significance was 

between two pairs of indications only: orthodontic teeth and 

teeth with periodontitis and profound caries (P0.005). Dif-

ferences for the remaining eight pairs were not statistically 

significant (P0.005).

With regard to the influence of extracted teeth on VAS pain 

scores, the injection and extraction of the second premolar 

recorded the lowest pain scores compared with other extracted 

teeth: first premolar (injection 39.45±8.61, extraction 

19.36±5.60), second premolar (injection 36.67±7.13, extrac-

tion 17.63±5.61), first molar (injection 37.97±7.12, extraction 

20.25±4.85), second molar (injection 40.08±7.16, extraction 

18.81±5.67). However, Kruskal–Wallis tests showed that 

these VAS differences (for injection and extraction) among 

groups of extracted teeth were not statistically significant 

(P0.05). For type of injection technique within each 

group of extracted teeth, Mann–Whitney tests showed that 

PDL injection resulted in statistically significant (P0.01) 

higher pain scores for injection and extraction compared 

with local infiltration.

Discussion
Pain is a dynamic process that begins with injury or disease 

producing neural signals, and is influenced by psychological 

variables, such as past experience, attention, culture, anxiety, 

and depression.29,32 Self-reported VAS and VRS scores were 

used to measure pain scores in previous clinical trials.30,31 

These self-reported scales have shown validity and reliabil-

ity and are easy to use, placing minimal demands on almost 

all patients.33 For pain measurement, indices of validity 

and consistency of these scales can be used to rank them 

hierarchically.34 A number of strengths and weaknesses of the 

VAS and VRS have been reported. The VAS is considered 

to have more sensitivity and validity than the VRS, possibly 

due to the higher number of response categories.32 Addi-

tionally, The VRS allows for data that can be more simply 

ranked, as it provides a consequent fixed number of response 

categories to express pain experience, with no ability of the 

intervals between each category to be compartmentalized to 

be equal. Therefore, the VRS is considered less sensitive than 

the VAS.32 By contrast, patients with difficulties in equat-

ing pain with the length of a line, such as the elderly, have 

Table 1 Differences in VAS pain scores between experimental 
and control groups for injection and extraction

Group n Mean VAS SD t P-value*

injection PDla 55 44.44 4.57 14.4 0.001
Infiltrationb 55 32.38 4.2

extraction PDl 55 22.8 3.93 10.18 0.001
Infiltration 55 15.24 3.86

Notes: aexperimental; bcontrol. *student’s t-test.
Abbreviations: VAS, visual analog scale; PDL, periodontal ligament.

Table 2 Differences in VRS data and need for additional injections 
between experimental and control groups

Injection technique P-value

PDLa  
(n=55), n (%)

Infiltrationb  
(n=55), n (%)

VRS
Pain during extraction

less than expected 0 8 (14.5) 0.003*
as expected 33 (60) 36 (65.5)
More than expected 22 (40) 11 (20)

Acceptability of extraction pain
acceptable 20 (36.4) 44 (80) 0.001**
Unacceptable 35 (63.6) 11 (20)

Need for additional injection(s)
Yes 16 (29.1) 6 (10.9) 0.03**
no 39 (70.9) 49 (89.1)

Notes: aexperimental; bcontrol; *χ2 test; **Fisher’s exact test.
Abbreviations: VRS, visual response scale; PDL, periodontal ligament.
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difficulty with the VAS compared with the VRS; therefore, 

the VAS could be less sensitive than the VRS.32,35 In this 

study, the VAS was selected to measure pain during injection 

and extraction due to its high reliability and validity in the 

unidimensional measurement of pain, which is expected to 

be provided by the increased number of categories allocated 

for patients’ responses.32 However, the VRS was selected to 

measure the overall satisfaction of patients during extraction 

only; although it limits statistical analysis to nonparametric 

tests,32 it is simple, especially for elderly patients, so that 

promotes compliance.33

The number of subjects included in this equivalence study 

was greater than previous studies with similar design and 

methodology,19,27 and analysis computation yielded 83.2% 

power. This power was considered to be adequate for such 

clinical study matching and controlling the study sample 

over a 7-month period. In this study, some precautions were 

implemented by the author to avoid the possible influence 

Table 3 Differences in VAS scores for injection pain within and among groups of indications for extraction

Indication Technique n Mean SD P-value* Median χ2 P-value**

Orthodontic teeth PDla 5 43.6 6.69 0.028 47 3.715 0.446
Infiltrationb 5 32.4 2.07 32
Total 10 38 7.53 34.5

Periodontitis PDl 24 44.21 4.65 0.001 43.5
Infiltration 9 30.89 4.29 29
Total 33 40.58 7.51 42

Fractured teeth PDl 8 44.38 2.2 0.001 45
Infiltration 7 29.14 4.85 30
Total 15 37.27 8.62 41

Periapical lesion PDl 6 45.83 6.62 0.002 45
Infiltration 8 32.37 2.88 32
Total 14 38.14 8.31 36

Profound caries PDl 12 44.58 4.08 0.001 45.5
Infiltration 26 33.77 4.22 33
Total 38 37.18 6.55 34.5

Total PDl 55 44.44 4.57 0.006 45
Infiltration 55 32.38 4.2 32
Total 110 38.41 7.47 38

Notes: aexperimental; bcontrol; *Mann–Whitney; **Kruskal–Wallis.
Abbreviations: VAS, visual analog scale; PDL, periodontal ligament.

Table 4 Differences in VAS scores for extraction pain within and among groups of indications for extraction

Indication Technique n Mean SD P-value* Median χ2 P-value**

Orthodontic teeth PDla 5 17.2 4.32 0.012 16 16.292 0.003
Infiltrationb 5 10.2 1.48 10
Total 10 13.7 4.78 12

Periodontitis PDl 24 23 2.93 0.001 23.5
Infiltration 9 15.22 2.49 15
Total 33 20.88 4.48 21

Fractured teeth PDl 8 20.5 2.2 0.002 20
Infiltration 7 14.43 3.26 15
Total 15 17.67 4.1 19

Periapical lesion PDl 6 21.5 2.59 0.011 20.5
Infiltration 8 14.25 3.77 13.5
Total 14 17.36 4.91 17

Profound caries PDl 12 26.92 2.75 0.001 26
Infiltration 26 16.73 3.92 15
Total 38 19.95 5.97 17

Total PDl 55 22.8 3.93 0.005 23
Infiltration 55 15.23 3.86 15
Total 110 19.01 5.43 19

Notes: aexperimental; bcontrol; *Mann–Whitney; **Kruskal–Wallis.
Abbreviations: VAS, visual analog scale; PDL, periodontal ligament.
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of the extraneous variables on reliability and validity of the 

results. Therefore, only subjects who were scheduled for sym-

metrical extraction by one surgeon (MA), not all surgeons 

in our maxillofacial surgery unit, over the 7-month period 

were studied. Although it was a split-mouth (crossover) 

study and there could have been a residual effect from the 

first injection or extraction on the second, a washout period 

(a few seconds usually given to start the second injection 

or extraction) would avoid the possibility of this residual 

effect. The author also adopted systematic randomization of 

injection and extraction side to avoid the possible influence 

of their order on patients’ responses. This systematic random 

allocation would determine the sequence of injections and 

extractions for each study subject alternately and provide 

the same chance of treatment sequence for all subjects. 

Furthermore, previous split-mouth studies30,36 reported that 

the order of LA technique and extraction did not influence 

the pain felt during injection and extraction. Additionally, the 

double-blind design of this trial was followed to ensure that 

there were no differences in the way the study injections and 

extractions were assessed or managed, thus minimizing bias. 

This was achieved by ensuring that both injection techniques 

and extraction procedures appeared the same. Additionally, 

neither the clinicians nor the study subjects were aware of the 

anesthetic technique assigned on each side. These are strate-

gies aimed at reducing the threats to validity, and sometimes 

used in terms of control, which are used to avoid the possible 

influence of situational and interoperator variability on study 

outcome.37 Furthermore, since acute dentoalveolar infection 

or surgical (not simple) extraction or anti-inflammatory drugs 

are known to influence the effectiveness of LA and patients’ 

responses to LA and extraction,1 18 subjects (24.7%) with 

such factors were excluded. Such a methodological approach 

consistently leads to a homogeneous sample of blocked 

characteristics, and may have been necessary in this study, 

with its small cohort. A standard conventional dental syringe 

was used in the present study, not a special PDL syringe, 

since the former is readily available in the clinic and proves 

equally successful when a standard 27-gauge short needle 

was used.1,17,38 To avoid the drawbacks of using conventional 

syringes for PDL injection, the author expressed half the 

cartridge’s contents prior to injection to reduce the exerted 

pressure and the likelihood of breakage.1 Malamed17 reported 

no cartridge breakage during PDL injection using conven-

tional syringes. This would also make the results of this 

study more applicable: no need to buy the highly expensive 

new syringes and disposable attachments or to change work 

routines.20 In addition, 2% lidocaine was used in the present 

study, as it is a widely used anesthetic39 and considered a 

reference for any new LA.1,7 These are all considered key 

strengths of the design of this study.

In this double-blind, split-mouth clinical study, the PDL 

injection technique was associated with higher pain scores 

during injection and extraction compared to routine local 

infiltration for the nonsurgical extraction of posterior max-

illary permanent teeth. Therefore, the null hypothesis was 

rejected. The present study compared the PDL injection with 

local infiltration (buccal and palatal injection) for single per-

manent tooth extraction in the posterior maxilla. The findings 

indicated that the pain felt during infiltration injection was 

significantly less than during PDL injection. This was attrib-

uted to the number of free nerve endings in the area of needle 

insertion, which has been related to the perception of pain: 

whereas the submucosa has fewer, the PDL has an abundant 

number.40 However, local infiltration technique employed 

in this study yielded VAS scores in excess of 30 mm. This 

is similar to other reports,30 and indicates that patients are 

likely to register at least moderate pain during the infiltration 

technique.41 Possibly, this can be attributed to the palatal 

injection rather than the buccal, as a single buccal infiltration 

has been reported to cause only mild pain.30 Palatal infiltration 

injection itself has been recognized as one of the most painful 

injections in dental practice and considered the most common 

source of fear associated with oral surgical procedures.2 Con-

sequently, this would suggest that the PDL injection could be 

the most painful injection in dental practice.

In this study, extraction with PDL injection was mild 

(mean VAS 30 mm), but significantly higher than infiltra-

tion injection. This was emphasized by the significant dif-

ferences in VRS data and the need for additional injections, 

which were in favor of the infiltration technique. This is in 

concordance with some recent studies,7,30 which reported very 

low VAS values for extractions after local infiltration, and 

attributed this to the relatively porous maxillary bone and to 

the possible pronounced effect of gravity on the diffusion of 

anesthetic solution for posterior maxillary teeth compared 

with anterior teeth. By contrast, it is known that with the PDL 

injection, perfusion of anesthetic solution to adjacent tissues 

is less than that in the injected area, particularly when mov-

ing from molars toward incisors.42,43 This is attributed to the 

fact that there is a gradual decrease in size and number of the 

openings in the lamina dura (the gate through which the LA 

solution diffuses into adjacent bone marrow) when moving 

from posterior to anterior teeth.43 Therefore, with regard to 

PDL injections, patients possibly experienced some pressure 

transmitted to the area adjacent to the surgical procedure. 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Therapeutics and Clinical Risk Management 2017:13 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1329

PDL anesthesia versus local infiltration

This is consistent with some studies6,42,44 on the extension 

of anesthesia after PDL injection: 14.77 mm on the buccal 

side and 11.18 mm on the palatal side. These figures would 

indicate that the extension of soft-tissue anesthesia after 

PDL injection would not exceed the width of two maxillary 

premolars and could be an explanation of the mild pain felt 

during extraction on the side of PDL injection. Accordingly, 

it has been reported44 that PDL injections could be used to 

obtain single-tooth anesthesia and thus employed as an aid in 

endodontic diagnosis. Furthermore, the mild extraction pain 

with PDL injections could be linked to the type and concen-

tration of the anesthetic agent and vasoconstrictor used in 

this study: higher success ratios have been reported with the 

use of 3% mepivacaine than with 2%, and with 2% lidocaine 

with 1:50,000 epinephrine than with 1:100,000.17,45

Injection technique in this study was still found to have 

a significant influence on injection and extraction pain, 

regardless of indications for extraction. Interestingly, when 

anesthetic technique was not considered, specific indications 

would have a significant input on extraction pain only: extrac-

tion of orthodontic teeth was rated as involving less pain than 

extraction of teeth with periodontitis and profound caries. 

This is consistent with a recent study,30 and attributed to the 

possible straightforward and rapid surgical procedures used 

for orthodontic tooth extraction and to the possible complex 

and longer surgical procedures used for the extraction of teeth 

with profound caries.31 Furthermore, periodontally compro-

mised teeth and inflamed gingival tissues might result in an 

increase in the number of tetrodotoxin-resistant channels 

(Na
v
1.8 and Na

v
1.9),46 and could lead to rapid dissociation of 

the LA to a cationic form unable to cross the nerve membrane, 

which would result in inadequate conduction blockade.1

The findings of this study stress the need to consider 

the new types of anesthetic drugs and models of injection 

techniques. A CCLADS has been reported to provide more 

satisfied, accepted, and comfortable block, infiltration, pala-

tal, and periodontal injections than provided by conventional 

injection techniques.47 In addition, the use of new anesthetic 

agents known to provide more comfortable, effective, and 

simple injections than other older agents30 has to be consid-

ered. The deposition of articaine/HCl, for example, into the 

buccal vestibule has to be encouraged in the dental practice 

to make routine local infiltration achieved by single buccal 

injection and to avoid the discomfort associated with palatal 

injection, which remains unpleasant for most patients.30 Such 

suggestions have to be taken seriously in light of the data 

known on the fear associated with the LA injection itself, 

which is often considered a factor in avoidance of dental 

treatment.2 Despite the aforementioned findings and strengths 

of this study, it is not without limitations. The possibility of 

undetected systemic diseases affecting bone and periodontal 

tissues, particularly in the elderly, and consequently their 

effect on pain scores were not considered. The influence of 

patient characteristics, including sex, age, smoking habits, 

and weight, on pain were not permitted either by the design 

of this study. In addition, although the model of bilateral 

symmetrical surgery is used widely for such comparative 

studies, it can be argued that this type of model is not sound.48 

Therefore, future studies have to consider these limitations 

to confirm the results of this study.

Conclusion
The PDL injection is associated with unfavorable patient 

responses and less effective anesthesia compared to routine 

local infiltration for the nonsurgical extraction of one poste-

rior maxillary permanent tooth. Therefore, The PDL injection 

may not be the alternative anesthetic technique of choice to 

routine local infiltration for the nonsurgical extraction of 

posterior maxillary permanent teeth.
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