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Abstract 
Background and Aim: This study assessed the efficacy of 

intraosseous anesthesia (IA) administered by a computer-controlled 

local anesthetic device (CCLAD) and its associated pain in comparison 

with the conventional inferior alveolar nerve block (IANB) for 

pulpotomy of primary molars.    

Materials and Methods: This crossover split-mouth randomized 

controlled clinical trial was conducted on 30 children between 4 and 6 

years requiring pulpotomy of mandibular primary molars bilaterally. 

The children were randomly assigned to two groups to receive IA and 

IANB in two orders of IA/IANB and IANB/IA within two treatment 

sessions. Pain during injection and during treatment was quantified 

subjectively using the Wong-Baker Faces Pain Rating Scale (WBPRS) 

and objectively using the Face, Legs, Activity, Cry, and Consolability 

(FLACC) scale. Heart rate (HR) was measured by a pulse oximeter, and 

the need for supplemental injection was recorded. Data were analyzed 

using repeated measures ANOVA, Wilcoxon, Mann-Whitney, 

Bonferroni, Fisher’s exact, and McNemar tests (alpha=0.05).    

Results: Injection type had no significant effect on the HR in the first 

or second treatment session, injection pain, procedural pain, FLACC 

score, or the need for supplemental injection (P>0.05). Within-group 

comparison of pain in the IA/IANB group showed significantly higher 

pain associated with IANB (P=0.015), while this difference was not 

significant in the IANB/IA group (P>0.05). Primary first and second 

molars had no significant difference in FLACC score or the need for 

supplemental injection (P>0.05). 

Conclusion: IA may be used as an alternative to IANB for pulpotomy 

of primary molars, due to comparable efficacy and injection pain.   
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Introduction 

Management of dental fear and anxiety and 

limiting painful procedures to achieve sufficiently 

high level of cooperation are imperative in 

pediatric dentistry [1]. The patients associate 

maximum pain with local anesthetic injection, 

which causes the highest level of anxiety [2,3].  

Pain from anesthetic injection can cause 

behavioral problems in young patients and affect 

the clinician’s performance [4].  

Infiltration anesthesia and inferior alveolar 

nerve block (IANB) injections are the most 

common techniques used in pediatric dentistry, 

which are administered with conventional dental 

syringes, disposable cartridges, and conventional 

needles [5]. The appearance of the conventional 

local anesthetic injection syringes can be 

intimidating and anxiety-inducing [6]. When 

performing pulpotomy for mandibular primary 

molars, the infiltration anesthesia technique is 

less effective than the IANB, possibly due to 

greater bone density that impedes diffusion of the 

anesthetic agent [7]. IANB injection can be painful 

and has the added risk of patient-induced soft 

tissue injury, nerve damage, and needle breakage 

[8]. A high prevalence of self-inflicted soft tissue 

injuries (tongue, lips, and cheeks) following local 

anesthesia has been reported in children, with a 

higher incidence in younger patients, especially 

after IANB [9]. Therefore, methods that provide 

adequate anesthesia for treatment but are not 

associated with prolonged anesthesia of the soft 

tissue are considered an advantage in pediatric 

dentistry.  

Pain due to traditional syringe-based 

anesthetic injection is attributed to physical 

trauma during needle insertion, and tissue 

distension due to the introduction of the 

anesthetic agent [10].  However, it is difficult to 

control the pressure and rate of anesthetic 

injection with traditional syringes [11]. 

Intraosseous anesthesia (IA) is a local anesthetic 

technique in which the anesthetic agent is 

injected directly into the cancellous bone around 

the root, and is not accompanied by lip and 

tongue anesthesia. This technique was initially 

used only in special cases, such as failure of 

anesthesia induced by nerve block, need for 

short-term anesthesia, and patients at risk of 

bleeding [12]. According to the American 

Academy of Pediatric Dentistry, IA technique is 

reliable in children [5]. The advantages of this 

technique are numerous, and include immediate 

onset of action (30 seconds), the need for minimal 

local anesthetic volume, and low rate of 

postoperative complications [12]. Recently, 

computer-controlled local anesthetic devices 

(CCLADs) were introduced to the market. CCLAD 

generally refers to devices that not only slow and 

maintain the injection rate, but also keep the rate 

constant by taking into account the anatomical 

characteristics of the tissues being injected [4]. 

One of the newest CCLAD systems available in the 

market is the SleeperOne5 (Dentalhitec, France). 

This device consists of an electronic control unit, 

a pedal, and an injection pen that is noninvasive 

and capable of providing infiltration anesthesia, 

nerve block, intra-ligamental anesthesia, intra-

septal anesthesia, and IA. This device uses 

specially designed needles. A review of the 

literature showed controversial results for 

reducing the injection pain and the effectiveness 

of anesthesia with the help of CCLADs [4, 13-16]. 

Studies comparing IA and IANB in pediatric 

dentistry are also limited. If pain during IA 

injection is reduced by using computer-

controlled injection systems and these methods 

prove to be sufficient for complete anesthesia for 

treatment of primary molars, while avoiding 

prolonged soft tissue anesthesia and reducing the 

risk of tissue damage by the child himself after 

treatment, an important step will be taken in 

gaining children's cooperation for dental 

treatments.  

Therefore, this study aimed to compare the 

efficacy of IA administered by a CCLAD and its 
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associated pain in comparison with the 

conventional IANB for pulpotomy of primary 

molars. 

  

Materials and Methods 

This study was conducted at the Pediatric 

Dentistry Department of School of Dentistry, 

Shahid Beheshti University of Medical Sciences 

between April 2024 and March 2025 after 

obtaining ethical approval 

(IR.SBMU.DRC.REC.1404.0404), and registration 

in the Iranian Registry of Clinical Trials 

(IRCT20240807062679N1).  

Trial design: 

A double-blind split-mouth crossover 

randomized controlled clinical trial was designed 

in which one group received anesthetic injection 

through an IA in the first session and 

conventional IANB in the second session for 

pulpotomy of primary molars while this order 

was reverse in the other group. The results were 

reported according to the Consolidated 

Standards of Reporting Trials.  

Participants, eligibility criteria, and settings:  

The inclusion criteria were 4-6-year-old 

children with the ability to comprehend and 

respond to self-report Wong-Baker Faces Pain 

Rating Scale (WBPRS), children with scores 3 and 

4 of the Frankl behavior rating scale [17], 

requiring pulpotomy and stainless-steel crown 

for homologous primary molars in the right and 

left quadrants of the mandible, no history of 

previous dental procedure requiring anesthetic 

injection, no allergy to anesthetic agents, no 

intake of analgesics or medications affecting pain 

perception within 48 hours prior to treatment, 

complete systemic health with American Society 

of Anesthesiologists Physical Status Classification 

System 1, and no clinical or radiographic 

evidence of pulp degeneration (edema, sinus 

tract, mobility, PDL widening, sensitivity to 

percussion, history of continuous and 

spontaneous pain, internal/external root 

resorption, or periapical or inter-radicular 

radiolucency) [18].  

The exclusion criteria were children showing 

uncooperative behavior during the procedure, 

parents not consenting to participation of their 

children in the study, and learning or 

communication problems.  

The sample consisted of 30 eligible children 

presenting to the School of Dentistry of Shahid 

Beheshti University of Medical Sciences.  

Interventions: 

Thirty eligible children were enrolled after 

obtaining their parents’ written informed 

consent. An informative session was first held for 

children to familiarize them with the dental office 

environment and equipment by the tell-show-do 

technique, and the children received a fluoride 

varnish. The level of cooperation of children in 

this session was assessed using the Frankl 

behavior rating scale [17], and those with class 3 

and 4 were enrolled. The children were then 

randomly assigned to two groups of 15. In the 

first treatment session, children in group 1 

received pulpotomy and stainless-steel crown for 

the primary molar of one mandibular quadrant 

following an IANB, which was administered by 

using a conventional 30-gauge, 21 mm syringe 

(NOP, South Korea) and 2% Xylopen cartridge 

(Exir, Iran) containing 20 mg lidocaine 

hydrochloride and 12.5 µg 1:80,000 epinephrine. 

In the second treatment session, the primary 

molar of the other mandibular quadrant of 

children in group 1 underwent pulpotomy after 

anesthetic injection by using the CCLAD 

(SleeperOne 5; Dental Hi-Tec, Cholet, France) 

with a short 9-mm, 30-gauge needle (Effitec, 

France) as instructed by the manufacturer. 

Children in group 2 received pulpotomy and 

stainless-steel crown for the primary molar of 

one mandibular quadrant after anesthetic 

injection by IA in their first treatment session, 

and conventional IANB in their second treatment 

session. The mandibular quadrant to be treated in 
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the first session was selected randomly. The 

second treatment session was scheduled 14 days 

after the first session. Before the start of the trial, 

the postgraduate student who performed all 

clinical procedures was calibrated by an 

experienced pediatric dentist. Calibration was 

carried out through the independent assessment 

of several children using the same diagnostic and 

anesthetic criteria, and the level of inter-

examiner agreement was determined using 

Cohen’s kappa (κ = 0.8), indicating substantial 

reliability. 

It should be noted that gluten-free 20% 

benzocaine topical anesthetic gel (Avant Dental 

Supply ADS, USA) which contains xylitol and 

vitamin E was applied at the injection site for 30 

seconds after drying the mucosa with a sterile 

gauze before all injections for all children. Both 

injections were performed using 2% lidocaine 

plus 1:80,000 epinephrine (Xylopen; Exir, Iran). 

The required amount of anesthetic agent for IANB 

was calculated according to the child’s weight. 

This amount in using the IA was half of the 

anesthetic cartridge as instructed by the 

manufacturer. In using the IA, first the gingiva 

was anesthetized by inserting the DHT Effitec 

needle (Dental Hi-Tec, Cholet, France) in almost 

parallel angulation such that its flat surface faced 

the mucosa. The needle was inserted by no more 

than 0.5 mm [19]. The injection was performed 

distal to the respective tooth; however, if the 

bone in this area was not suitable for injection, 

injection was performed mesial to the respective 

tooth. The needle was inserted into the 

interproximal septal bone through the 

interdental papilla tip with 20- to 45-degree 

buccolingual angulation, and injection was 

performed as such [19]. The children were 

treated in an isolated room to eliminate the 

confounding effect of the environment and 

behavior of other children in the area on the 

results [20].  

The perceived pain by children was quantified 

subjectively at two time points i.e., after 

anesthetic injection (time 1) and after 

termination of pulpotomy treatment (time 2) 

using the WBPRS, which is a self-reporting scale 

for pain with confirmed validity and reliability for 

use in children [21]. The children were first 

briefed about this scale and how to use it before 

the treatment onset by a senior postgraduate 

student of pediatric dentistry. Children who could 

not learn or select a face were excluded and 

replaced.   

The pain level was quantified objectively using 

the Face, Legs, Activity, Cry, and Consolability 

(FLACC) scale by an experienced pediatric dentist 

[22], who was blinded to the type of anesthetic 

injection technique. To assess intra-examiner 

reliability, 15% of the cases were randomly 

selected and re-scored by the same examiner 

after a two-week interval. The examiner was 

blinded to the initial scores, and the agreement 

between the two assessments was evaluated 

using Cohen’s kappa, which yielded a value of 

0.80, indicating substantial reliability.  

The heart rate (HR) was also recorded as a 

physiological parameter and an objective finding 

related to pain. The HR of children was recorded 

at 3 time points using a pulse oximeter 

(ChoiceMMed; China): prior to the procedure 

(time 0), during anesthetic injection (time 1), and 

during pulp exposure in pulpotomy (time 2).  

The efficacy of the anesthetic injection 

technique was determined based on the level of 

pain experienced by children during treatment 

(FLACC scale), HR during pulp exposure, and the 

need for supplemental anesthetic injections 

during the procedure.  

The wash-out period between interventions 

was set at 14 days.  Although the pharmacologic 

effects of local anesthetics such as lidocaine 

resolve within hours, procedural responses 

related to pain perception and injection-

associated anxiety may persist for several days. A 
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14-day interval provides a conservative buffer to 

ensure that participants are fully recovered both 

physiologically and psychologically before the 

subsequent session. This choice aligns with 

previous crossover investigations in dentistry 

that scheduled contralateral procedures at least 

two weeks apart to minimize potential carryover 

effect [23]. 

Outcomes:  

Self-reported pain, FLACC score, HR, and the 

need for supplemental anesthesia were the 

primary outcomes. The effect of type of tooth was 

evaluated as the secondary outcome measure.  

Sample size calculation: 

The sample size was calculated to be 30 

assuming alpha=0.05 (𝑍1−𝛼
2⁄ = 1.96), beta=0.2, 

study power of 80% (𝑍1−𝛽 = 0.84), and moderate 

effect size=0.5 according to a previous study [24] 

using the following formula: 
 

𝑛 =
(𝑍1−𝛼

2⁄ + 𝑍1−𝛽)
2

(
𝜇1 − 𝜇2

2
)

2 =
(𝑍1−𝛼

2⁄ + 𝑍1−𝛽)
2

(effect size)2
 

 

Interim analyses and stopping guidelines:  

None.  

Randomization: 

Each child was assigned a random code from 1 

to 30 in sealed opaque envelopes, which were 

selected by the children themselves. A list of 

random numbers generated online 

(http://www.randomizer.org)  was used to 

randomly assign children to two groups.  

Blinding: 

Since the appearance of the conventional 

syringe and SleeperOne 5 is different, blinding of 

the operator and children was not possible. 

However, the assessor of the FLACC scale was not 

aware of the anesthetic injection technique. Also, 

the statistician was blinded to the group 

allocations. Therefore, the study had an assessor- 

and statistician-blinded design.  

Statistical analysis:  

The normality of data distribution was 

examined using the Shapiro-Wilk test. According 

to the cross-over design of the study and 

according to the data distribution, the carry-over 

effect, period effect and treatment effect were 

analyzed using independent t-test and Mann-

Whitney test. Comparison of the mean HR at T0 

(before the procedure), T1 (during injection) and 

T2 (during pulp exposure) in the two types of 

injection techniques in each of the two periods (2 

treatment sessions) was performed using two-

way repeated measures ANOVA. Pairwise 

comparisons were made using the Bonferroni 

test. Also, within-group comparison for the 

WBPRS variable was performed using the 

Wilcoxon signed rank test. Comparison of the 

need for supplemental injection in the two 

injection techniques in each of the two treatment 

sessions was performed using the Fisher’s exact 

test. In order to investigate the effect of tooth type 

(D, E) on FLACC variable and the need for 

supplemental injection, the two types of 

injections were compared for the variable of need 

for supplemental injection using the McNemar 

test, and for the FLACC variable using the 

Wilcoxon signed rank test. Data analysis was 

performed using SPSS version 26 at 0.05 level of 

significance. 

 

Results 

Participant flow: 

The sample consisted of 30 children including 

15 females (50%) and 15 males (50%) with a 

mean age of 5.61±0.73 years (range 4.08 to 6.83 

years). Figure 1 shows the CONSORT flow-

diagram of the study. Considering the cross-over 

design of the study, first the carry-over effect and 

the period effect of the variables were examined, 

and then the treatment effect was analyzed. The 

period in our study was the treatment session 

(first or second), and the treatment type was 

IANB or IA with CCLAD. 
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Figure 1. CONSORT flow-diagram of patient selection and allocation 
 

Harms: 

No patients were harmed during the study.  

Subgroup analyses: 

Primary outcomes:  

HR: Table 1 presents the HR of the patients in 

the two groups at different time points. Due to 

normal distribution of carry over effect on HR at 

all three time points, independent t-test was 

applied, which showed that the carry-over effect 

on HR was not significant at any time point 

(P=0.182 for T0, P=0.627 at T1, and P=0.870 at 

T2). Independent t-test (due to the normal 

distribution of the period effect on HR at T0 and 

T2) and Mann-Whitney U test (due to its non-

normal distribution at T1) showed that the 

period effect on HR was not significant (P=0.609 

for T0, P=0.325 for T1, and P=0.958 for T2).  

Given the normal distribution of the treatment 

effect on HR at T0 and T2, and non-normal 

distribution of this variable at T1, the effect of 

injection type was compared at T0 and T2 using 

independent t-test, and at T1 using the Mann–

Whitney test. The results showed that there was 

no statistically significant difference in the mean 

HR of children in the two types of injections at any 

of the three time points (P=0.154 for T0, P=0.148 
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for T1, and P=0.259 for T2). Despite lack of a 

significant difference, IANB increased the HR of 

children more than the IA, although insignificant. 

The largest difference in HR between the two 

injection techniques was at T1, and the smallest 

at T2 (although insignificant).  

Comparison of the mean HR at T0, T1, and T2 

in first treatment session was performed with 

respect to the type of injection using two-way 

repeated measures ANOVA. The results showed 

that the mean HR had a statistically significant 

difference at three times (P<0.001). Based on the 

results of Figure 2 and using the Bonferroni 

method, the HR at injection time was higher than 

both T0 and T2 (P<0.001 in both comparisons). 

However, T0 and T2 did not have a statistically 

significant difference in this regard (P=0.460). 

Also, the interaction effect of time and injection 

type was not significant (P>0.05). That is, a 

similar trend of change in HR was seen in both 

types of injections. The effect of injection type on 

HR was not significant either (P=0.506). That is, 

what caused the fluctuation of HR was not the 

type of injection, but the time. 

 

 

 

 

 

 

 

 

 
Figure 2. Estimated marginal mean of HR and 95% CI before 

the procedure (T0), during injection (T1), and during pulp 

entry (T2) based on the injection type in the first treatment 

session (Period 1) 

 

To assess the changes in the mean HR at T0, T1 

and T2 in the second treatment session, two-way 

repeated measures ANOVA was used 

independently based on the injection type, and 

the results indicated a significant difference in HR 

at the three time points in this period (P<0.001). 

As shown in Figure 3, pairwise comparisons by 

the Bonferroni test showed that the mean HR at 

T1 was significantly higher than T0 (P<0.001) 

and T2 (P=0.001), and T0 and T2 did not have a 

statistically significant difference (P=0.460). The 

effect of injection type was not significant 

(P=0.251), and the interaction effect of time and 

injection type was not significant either 

(P=0.340). That is, an increase in the mean HR 

from T0 to T1 and then a decrease from T1 to T2 

were seen in both types of injections. 

 

 

 

 

 

 

 

 

 

 
Figure 3. Estimated marginal mean of HR and 95% CI before 

the procedure (T0), during injection (T1), and during pulp 

entry (T2) based on the injection type in the second 

treatment session (Period 2) 

 

WBPRS score: Table 2 shows the WBPRS score 

at T1 (during injection) and T2 (during 

pulpotomy) based on the injection type in the two 

treatment sessions. Due to the non-normal 

distribution of the carry-over effect variable for 

the WBPRS, this effect was analyzed using the 

Mann-Whitney test. The results showed that the 

carry-over effect was not significant at T1 

(P=0.486) and T2 (P=0.512). Also, due to the non-

normal distribution of the period effect at T1, the 

Mann-Whitney test was used, which indicated the 

significance of the period effect at T1 (P=0.033). 

Due to the normal distribution of the period effect 

variable at T2, the period effect was analyzed 

using independent t-test, and the results 

indicated that the period effect at T2 was not 

significant (P=0.867). 
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Given the normal distribution of the treatment 

effect variable at T2, independent t-test was used 

to compare the effects of the two injection types. 

The results showed that at this time point, the 

effect of injection type was not significant 

(P=0.616), and the injection type had no effect on 

the pain score during pulpotomy treatment. Since 

the period effect was significant at T1, 

assessment of the relationship between the 

injection type and pain perceived during injection 

was performed using the Mann-Whitney test only 

in the first period (first session). The results 

indicated that there was no difference between 

the two types of injections (P=0.586), and the 

injection type had no effect on the pain perceived 

during injection. 

Within-group comparison of the WBPRS by 

the Wilcoxon signed rank test showed that at the 

time of injection, the difference in pain reported 

between the two injection methods in each of the 

2 treatment sessions was not significant in the 

IANB/IA group (P=0.266). While in the IA/IANB 

group, the pain associated with IANB was more 

than IA (P=0.015). However, at T2 (during 

pulpotomy), the two groups did not have a 

significant difference in the reported pain 

(P=0.355 and P=0.356, respectively). 

FLACC score: Table 3 presents the frequency of 

different FLACC scores in the two treatment 

sessions in the two groups. Due to the non-

normal distribution of the carry-over effect, 

period effect, and treatment effect for the FLACC 

variable with normal distribution, evaluation of 

the effects of these three factors was performed 

using the Mann-Whitney test. The results showed 

that the carry-over effect was not significant 

(P=0.461). However, the period effect was 

significant (P=0.045). The effect of type of 

injection on the FLACC variable (pain during 

pulpotomy treatment) was not significant 

(P=0.233). Given the significance of the period 

effect, the effect of the type of injection was also 

compared in first session, and the results showed 

that the difference between the two types of 

injections was not significant in this period 

(P=0.933).  

 
Table 1. Mean HR at different time points in the two groups   

 

Group 
T0 first 

session 

T1 first 

session 

T2 first 

session 

T0 second 

session 

T1 second 

session 

T2 second 

session 

IANB/IA Mean (SD ( 105.07(10.3) 119.40(16.1) 110.60(10.3) 102.87(10.1) 118.00(14.2) 107.80(13.0) 

IA/IANB Mean (SD) 106.13(10.8) 113.07(9.3) 108.53(14.0) 110.73(12.3) 120.53(13.1) 111.07(10.3) 

SD: Standard deviation 

 

Table 2. Frequency distribution of WBPRS score at T1 (during injection) and T2 (during pulpotomy) based on the injection 

type in the two treatment sessions  

 

  During injection During pulpotomy 

 Score 
Group 

Total 
Group 

Total 
B/IA IA/B B/IA IA/B 

First session 

0 10(66.7%) 11(73.3%) 10(66.7%) 6(40%) 7(46.7%) 13(43.3%) 

2 2(13.3%) 3(20%) 2(13.3%) 4(26.7%) 4(26.7%) 8(26.7%) 

4 2(13.3%) 1(6.7%) 2(13.3%) 2(13.3%) 2(13.3%) 4(13.3%) 

6 1(6.7%) 0 1(6.7%) 2(13.3%) 1(6.7%) 3(10%) 

10 - - - 1(6.7%) 1(6.7%) 2(6.7%) 

Second session 

0 9(60%) 5(33.3%) 9(60%) 6(40%) 9(60%) 15(50%) 

2 2(13.3%) 4(26.7%) 2(13.3%) 3(20%) 3(20%) 6(20%) 

4 1(6.7%) 3(20%) 1(6.7%) 3(20%) 1(6.7%) 4(13.3%) 

6 2(13.3%) 0 2(13.3%) 1(6.7% ( 1(6.7%) 2(6.7%) 

10 1(6.7%) 3(20%) 1(6.7%) 2(13.3%) 1(6.7%) 3(10%) 

B: Inferior alveolar nerve block; IA: Intraosseous anesthesia  
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Need for supplemental injection: Table 4 shows 

the need for supplemental injection in the two 

groups in the first and second treatment sessions. 

Using the Fisher's exact test, there was no 

significant difference in the need for 

supplemental injections between the two types of 

injections in the first session (P=0.701) and the 

second session (P=0.500).  

Secondary outcome: 

Tooth type: Of all teeth that underwent 

pulpotomy, 20 pairs were Ds (66.7%) and 10 

pairs were Es (33.3%). Table 5 shows the 

correlation of tooth type with the need for 

supplemental anesthetic injection. The McNemar 

test showed that there was no statistically 

significant difference in the need for 

supplemental injections between Ds and Es 

(P=1.000).  

Table 6 shows the correlation of tooth type 

with the FLACC score (pain during pulpotomy). 

The Wilcoxon signed rank test showed that there 

was no statistically significant difference in 

FLACC score between the two methods in Ds 

(P=0.518) and Es (P=0.197). 

Table 3. Frequency of different FLACC scores in the two 

treatment sessions in the two groups 

 

Session Score 
Group 

Total 
B/IA IA/B 

First 

session 

0 12(80%) 13(86.7%) 25(83.3%) 

1 1(6.7%) 0 1(3.3%) 

2 1(6.7%) 1(6.7%) 2(6.7%) 

3 1(6.7%) 0 1(3.3%) 

8 0 1(6.7%) 1(3.3%) 

Second 

session 

0 8(53.3%) 10(66.7%) 18(60%) 

1 0 1(6.7%) 1(3.3%) 

2 3(20%) 2(13.3%) 5(16.7%) 

3 1(6.7%) 2(13.3%) 3(10%) 

4 2(13.3%) 0 2(6.7%) 

5 1(6.7%) 0 1(3.3%) 

B: Inferior alveolar nerve block; IA: Intraosseous anesthesia  

 

 

Table 4. Need for supplemental injection in the two groups 

in the first and second treatment sessions 

 

Session  
Group 

Total 
B/IA IA/B 

First 

session 

NO 13(86.7%) 13(86.7%) 26(86.7%) 

YES 2(23.3%) 2(13.3%) 4(13.3%) 

Second 

session  

NO 11(73.3%) 12(80%) 23(76.7%) 

YES 4(26.7%) 3(20%) 7(23.3%) 

B: Inferior alveolar nerve block; IA: Intraosseous anesthesia  

 

Table 5. Correlation of tooth type with the need for supplemental anesthetic injection 

 

Tooth  
Supplemental Injection IA 

Total 
No Yes 

D 
Supplemental Injection IANB 

No 17(85%) 2(10%) 19(95%) 

Yes 1(5%) 0 1(5%) 

Total 18(90%) 2(10%) 20(100%) 

E 
Supplemental Injection IANB 

No 5(50%) 1(10%) 6(60%) 

Yes 1(10%) 3(30%) 4(40%) 

Total 6(60%) 4(40%) 10(100%) 

 

Table 6. Correlation of tooth type with FLACC score (pain during pulpotomy) 

 

Tooth  Score 
FLACC IA 

Total 
0 2 3 4 5 8 

D 
FLACC IANB Number (%) 

0 14(70%) 2(10%) - 0 - 0 16(80%) 

2 1(50%) 0 - 1(5%) - 0 2(10%) 

3 1(5%) 0 - 0 - 1(5%) 2(10%) 

Total 16(80%) 2(10%) - 1(5%) - 1(5%) 20(100%) 

E 
FLACC IANB Number (%) 

0 4(40%) 0 0 1(10%) 1(10%) - 6(60%) 

1 1(10%) 1(10%) 0 0 0 - 2(20%) 

2 0 1(10%) 0 0 0 - 1(10%) 

3 0 0 1(10%) 0 0 - 1(10%) 

Total 5(50%) 2(20%) 1(10%) 1(10%) 1(10%) - 10(100%) 
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Discussion  

This study compared the efficacy and pain of 

IA and the conventional IANB for pulpotomy of 

primary molars. This study was designed as a 

crossover randomized controlled trial. To limit 

inter-individual variability, a split-mouth design 

was used, and each patient was his or her own 

control group. Monteiro et al. [25] in their meta-

analysis suggested that for this type of study, 

parallel design may be preferable to crossover 

design, because the initial level of patient anxiety 

in the second session depends on the success of 

the first session. In the present study, the results 

of the second session might have been influenced 

by the anesthetic experience in the first session 

(carry over effect). In the current study, 

randomization of the order of injections in the 2 

groups was performed to eliminate this effect, 

and an adequate wash-out period between the 2 

treatment sessions (14 days) was considered. 

However, despite these measures, it is not easy to 

erase the memory of this experience since the 

results of the intervention were assessed through 

behavioral measures and self-reported pain [26]. 

Therefore, to increase the reliability of the 

results, presence of period effect and carry-over 

effect was analyzed using statistical analysis, but 

the carry-over effect was not significant. Since the 

period effect was significant in assessment of 

pain during injection and the FLACC variable 

during treatment, the relationship between these 

two variables and the type of injection was 

analyzed in the first period. The results showed 

that pain during injection and efficacy of the IANB 

and IA were not significantly different.  

Quantification of pain in children is 

challenging because the results of behavioral 

scales depend on the observer, and the results of 

self-reported scales depend on the age of 

children, and their level of perception and 

understanding of pain. Thus, physiological 

parameters such as HR may be used for objective 

measurement of pain in children. Nonetheless, 

such objective variables are not always 

correlated with the intensity of perceived pain by 

patients [27] and may cause bias, complicating 

precise assessment of the efficacy of IA [4]. In the 

present study, a combination of subjective and 

objective scales was used to maximize the 

methodological quality of the study and increase 

the reliability of the results. The current results 

showed no significant difference in WBPRS score 

(immediately after injection) and HR (during 

injection) between the two injection techniques. 

Similarly, AlRaddadi et al. [28] found no 

significant difference in pain perception and 

behavior between the buccal infiltration and 

intraosseous techniques. Also, Prol Castelo et al. 

[29] reported that although pain associated with 

intraosseous injection measured by the WBPRS 

was lower than the IANB, the physical reaction of 

children during injection, as measured by the 

FLACC, was not significantly different between 

the two techniques. On the other hand, unlike the 

present study, pain associated with intraosseous 

injection was lower than the conventional 

technique in some studies [16, 30, 31]. 

Methodological differences and using different 

methods for quantification of pain, different age 

range of children, type of randomization and 

blinding, type of device, type of dental procedure, 

anatomical location, and tooth type are among 

the main reasons for the observed differences in 

the results [4, 16, 29-31] . Smaïl-Faugeron et al. 

[16] stated that although the difference in pain 

scores between the IA injection and infiltration 

anesthesia in their study was statistically 

significant, it corresponded to less than one unit 

of the visual analog scale, which limits its clinical 

significance. Nonetheless, any benefit in terms of 

pain control for patients should not be 

overlooked [16]. Pain due to anesthetic injection 

can adversely affect the cooperation of pediatric 

dental patients; thus, any reduction in pain is an 

advantage. Therefore, although the present study 

found no significant difference in pain score 
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between the two techniques, within-group 

comparison of injection pain showed significantly 

higher pain score associated with IANB in the 

group that received IA in the first session. Also, 

IANB increased the HR more than IA (although 

insignificantly), which can be due to higher pain 

of IANB. Many relevant previous studies did not 

use physiological parameters for pain 

assessment. Nonetheless, the results regarding 

the association of HR and injection type are 

controversial.  Recent clinical trials have reported 

a transient increase in HR for a few minutes 

following intraosseous injection of 4% articaine 

with epinephrine using the Quick Sleeper 

computer-controlled system [32]  Increased HR 

in intraosseous injection is attributed to faster 

entry of catecholamines into the vascular system 

[33]. Some studies used Quick Sleeper and did not 

report any increase in HR [28, 34] or reported an 

insignificant short-term increase following the 

use of 2% lidocaine plus 1:80,000 epinephrine. 

The increased HR and blood pressure changes 

during dental procedures are due to the release 

of endogenous catecholamines caused by 

emotional stress, and not the drug side effects 

[35]. The higher HR following IANB injection can 

be attributed to greater pain. Another reason 

could be that the dose of epinephrine 

administered to children with IANB was higher 

than with IA, because the volume of the 

anesthetic agent administered with IANB 

injection was greater than with IA injection. In 

any case, the transient increase in HR would not 

be clinically significant in most healthy patients 

[36]. Within-group comparison of pain during 

injection revealed that, in the IA/IANB injection 

order, the pain associated with IANB was 

significantly higher than that with IA. However, in 

the group with the IANB/IA injection order, this 

difference was not significant. The authors did 

not find an explanation for this finding, but it may 

be attributed to relatively small sample size. 

Further studies with a larger sample size are 

required on this topic to cast a final judgment. 

According to a meta-analysis by Monteiro et al, 

[25] success of anesthesia is a dependent variable 

that is not usually evaluated in clinical studies 

related to local anesthesia in children and 

adolescents. In the present study, the efficacy and 

success of the two techniques were evaluated by 

examining the HR during treatment, recording 

the FLACC behavioral scale during treatment, 

recording the WBPRS at the end of treatment, and 

the need for supplemental injections during 

pulpotomy treatment. The mean HR of children in 

the two techniques did not differ significantly at 

the time of pulp exposure during pulpotomy, and 

both groups had the highest difference in HR at 

the time of injection, and the lowest difference at 

the time of entering the pulp. Also, the mean HR 

was not significantly different at baseline and at 

the time of entering the pulp in the two groups, 

which indicates the comfort of the child and the 

effectiveness of both types of injections. 

Moreover, the pain reported by children after 

pulpotomy treatment using the WBPRS did not 

differ significantly between the two injection 

types. Within-group assessment of this scale after 

pulpotomy treatment revealed no difference 

between the two injection techniques. On the 

other hand, the pain recorded by the FLACC scale 

by the observer during pulpotomy treatment did 

not differ significantly in the two types of 

injections. This finding confirms lack of difference 

in efficacy between the two types of injections. 

The lack of need for supplemental injections 

during pulpotomy treatment indicates the 

effectiveness of both anesthetic injections. 

Similar to the present study, AlRaddadi et al. [34] 

showed no difference in the effectiveness of 

infiltration anesthesia and intraosseous injection 

in pulpotomy of mandibular primary teeth. In the 

study by Prol Castelo et al. [29], similar to the 

present study, the need for supplemental 

injections, pain during treatment, and the child's 

behavior during treatment did not differ between 
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IA and IANB injections. The effectiveness of IA 

and IANB injections by tooth type was also 

analyzed in this study. According to the FLACC 

scale and the need for supplemental injections, 

there was no statistically significant difference 

between Ds and Es. This result is reasonable 

because pulpal anesthesia of one quadrant of the 

mandible is achieved with IANB; although 

sometimes additional injections are required in 

some areas. Also, since intraosseous injections 

cause anesthesia of 3 adjacent teeth in the 

mandible by injecting half of the cartridge in the 

distal bone of the respective tooth [12], there is 

probably no difference in pulpal anesthesia of Ds 

and Es, considering their anatomical location. The 

authors did not find similar studies on the 

effectiveness and pain of intraosseous injections 

versus conventional injections by tooth type to 

compare our results with.  

This study had some limitations. Due to the 

difference in appearance of the Sleeper One5 

device and the conventional syringe, it was not 

possible to blind the operator and children. 

Computerized injection systems have a learning 

curve. Before the study began, the operator was 

trained on how to use the Sleeper One5 device; 

however, the role of experience in using such 

technologies cannot be ignored. The high cost of 

the device, the need for a special needle, and the 

longer injection time are among the 

disadvantages of this device. Future studies are 

suggested to measure the level of anxiety of 

children before the procedure and compare the 

two types of anesthesia techniques in terms of the 

time to anesthesia, duration of anesthesia, and 

complications after the injection. Another 

limitation of this study was that we did not 

evaluate the minimal clinically important 

difference (MCID) for the FLACC and WBPRS pain 

scales. While statistical significance was assessed, 

interpretation of pain outcomes would be more 

meaningful if related to established MCID 

thresholds. As MCID values provide insight into 

whether observed differences are clinically 

relevant to patients, future studies should 

incorporate MCID and effect size analyses to 

strengthen the clinical interpretation of findings. 

This study compared two types of anesthesia 

techniques for pulpotomy treatment of 

mandibular primary molars in 30 cooperative 4–

6-year-old children referred to Shahid Beheshti 

Dental School, which may affect the 

generalizability of the findings to other dental 

treatments and injections, other age groups, non-

cooperative children, and different communities. 

Future studies with a larger sample size are 

required in other age groups, comparing different 

dental treatments and injections, and in different 

communities. Studies on non-cooperative 

children are also recommended. 

 

Conclusion 

The research results showed that IA 

administered by a CCLAD may be used as an 

alternative to IANB for pulpotomy of primary 

molars, due to comparable efficacy and injection 

pain, as shown by the HR, and self-reported and 

behavioral measures. 
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