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Pain and Anxiety Levels Using Conventional versus Computer-
Controlled Local Anesthetic Systems in Pediatric Patients: 
A Meta-Analysis

Amaury Pozos-Guillén* / Edith Loredo-Cruz** / Vicente Esparza-Villalpando*** /  
Ricardo Martínez-Rider **** / Miguel Noyola-Frías ***** / Arturo Garrocho-Rangel******

The objective of this systematic review and meta-analysis was to compare the pain/anxiety levels associated 
with the anesthetic process by conventional and computer-controlled delivery systems (CCDS) in children. 
Four electronic databases (PubMed, EMBASE, Scopus, Google Scholar, and Dentistry & Oral Science 
Source/EBSCO) were comprehensively explored for eligible studies, in English or Spanish, published 
from January 1995 to December 2019. A systematic literature review and meta-analysis were conducted 
according to the PRISMA statement, including only randomized controlled clinical trials. An exhaustive 
search was performed in different electronic databases under a specific PICO-posed question. Relevant 
studies were selected based on titles and abstracts, and the full texts were retrieved. From these articles, 
important information was extracted. Wand demonstrated significantly lower pain than the conventional 
injection did. In the subgroup by pain scale analysis, the Facial Image Scale and Wong-Baker Faces Pain 
Scale showed a significant difference in favor of the CCDS. In general, the reviewed evidence shows that less 
perceived pain and anxiety occur when the local anesthetic technique is performed with a CCDS than with 
the traditional technique.

Keywords: Local Anesthesia, Injection Syringe, Wand, Computerized Methods, Pediatric Dentistry, 
Systematic Review, Meta-analysis.

INTRODUCTION

The control of dental pain in pediatric patients is the most 
important issue when providing oral treatments and invasive 
interventions. An injection of local anesthesia is usually an 

anxiety-producing procedure that can trigger behavioral problems 
in patients, especially young patients, and these behavioral prob-
lems can affect the performance of the operator.1 These negative 
experiences may influence the future oral care of the patient.2 With 
the purpose of addressing the pain and discomfort caused during 
needle insertion and anesthetic solution deposition, diverse strat-
egies have been traditionally employed, such as adjustments to 
the room temperature and the use of topical anesthetic ointments, 
narrow needles, slow injection techniques, vibration during the 
injection, and occasionally relaxing drugs, as well as an appropriate 
psychological preparation of the patient.3 However, control of the 
pressure and vibration of the syringe and needle can be technically 
difficult to achieve when performed manually.4

In 1997, alternative electronic devices for automatic anesthesia 
delivery were introduced in the dental market for pediatric and adult 
patients to allow a more comfortable and precise puncture of the 
needle in soft tissues.1 These computer-controlled delivery systems 
CCDS) have received considerable attention by clinicians because 
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the exerted pressure, vibration, volume, and rate of the anesthetic 
flow are automatically fixed and constantly maintained by the 
system’s computer, regardless of the mucosa resistance and density 
variations;5 under these controlled conditions, the injection proce-
dure is potentially less painful even in resilient tissues, such as the 
palate and periodontal ligament.6

Clinical studies have been carried out worldwide in different 
pediatric populations, comparing the traditional delivery technique 
and a CCDS regarding the efficacy of reducing pain levels during 
local anesthesia.7 Some researchers favor computerized anesthesia; 
however, other studies present confusing and contradictory results 
or do not show any significant differences between both techniques.8 
In part, this inconsistency can be explained by different method-
ological limitations that may affect the results. For example, in some 
studies, dissimilar measurement methods, objective and subjective 
methods, have been used with children to assess the physiological 
variations related to pain/anxiety;8 in other studies, the duration of 
the injection procedure was not adequately controlled, and there were 
failures by the researchers in targeting injection sites according to 
the manufacturer’s recommendations.4,9 In this context, the present 
systematic review/meta-analysis aimed to globally compare the 
clinical performance, in terms of pain/anxiety caused by the local 
anesthetic insertion, of the two previously mentioned techniques. 
This comparison was based on related pain/anxiety data, collected 
during the injection process, from original randomized controlled 
trials conducted in pediatric populations. The following was the null 
hypothesis: there are no significant differences between the conven-
tional (CONV) injection and a CCDS regarding a reduction in pain/
anxiety levels during a local anesthetic procedure in children.

METHODS

Data sources
The present systematic review and meta-analysis were carried out 

according to the guidelines recommended by the preferred reporting 
items for systematic reviews and meta-analyses (PRISMA) state-
ment,10,11 and Cochrane group recommendations.12 A focused search 
question was structured, according to the PICO format, as follows: 
In pediatric patients undergoing dental anesthesia, are there differ-
ences between the conventional injection and a CCDS regarding the 
resulting perceived pain and/or anxiety?

Literature search
The search was performed by two previously trained and cali-

brated reviewers (SELC and MANF; Cohen’s kappa = 0.89). The 
selection criteria were randomized controlled clinical trials (RCCT) 
that were performed in pediatric populations (under 18 years old) and 
compared the pain and/or anxiety produced by both dental anesthesia 
techniques CCDS vs. CONV. The exclusion criteria were: papers 
written in a language different from English, with a comparison 
of different anesthetic systems or techniques, or studies performed 
on adult samples. Four electronic databases (PubMed, EMBASE, 
Scopus, Google Scholar, and Dentistry & Oral Science Source/
EBSCO) were comprehensively explored for eligible studies, in 
English or Spanish, published from January 1995 to December 2019. 
The main MeSH terms and pertinent keywords were “pediatric (or 
pediatric) dentistry”, “dental anesthesia (anesthesia or analgesia)”, 

“computerized anesthesia (anesthesia or analgesia) systems”, and 
“Wand”, alone or in combination with other synonyms and Boolean 
operators. Additionally, the reference list of each selected article 
was screened to identify additional relevant publications. The iden-
tified titles and abstracts were carefully assessed. Each potentially 
relevant article was cross-checked for duplications and retrieved 
in a full-text version for critical evaluation. Any discrepancy was 
resolved by discussion and consensus between both reviewers, and 
if necessary, with a third reviewer (RMR).

Resources selection
Data collection

This stage was performed by two authors (VEV and APG) in 
an independent manner (kappa=0.93). From the selected full-text 
articles, crucial information was extracted using a pre-piloted stan-
dardized form; the information included the principal author, year 
of publication, methodological design, type of treatment, sample 
size, participant characteristics, anesthetic techniques compared 
(CCDS=computerized; CONV=conventional), characteristics of 
the anesthetic procedure, adjuvant methods for behavior control, 
anatomical site of injection, outcome variables (pain and/or 
anxiety), and relative time of the outcome measurements (during or 
after the puncture). If any important data were missing in the article, 
the study’s corresponding author was contacted.

Methodological quality appraisal
Included studies were individually and critically evaluated by 

three independent reviewers (VEV, APG, and AGR) for risk of 
bias (content validity), employing the methods from two scales 
specific for RCCTs: OCEMB13 and the method by Pozos-Guillén et 
al.14 Nine quality domains were assessed: (i) the type of the RCCT 
(parallel groups or split-mouth/crossover design), (ii) sample size 
calculation, (iii) randomization characteristics (method and conceal-
ment), (iv) evaluator blinding, (v) follow-up issues and drop-out 
analysis, (vi) measured response variables, (vii) concordance of 
measuring methods, (viii) assumptions of statistical tests, and (ix) 
reported results. Each domain was assigned between 0 (worst score) 
and 2 (best score) points; after summing all the domain points, a 
total result was obtained (range=1 to 16 points). According to this 
result, the level of quality of the individual studies was rated as 
“poor” (1-6), “moderate” (7-11), and “good” (12-16). Again, any 
disagreement was resolved by discussion and consensus among the 
reviewers, and the quality appraisal of the 30 included articles was 
registered.1,3-6,9,15-38 See supplementary data Table S1.

Summary measures, data synthesis, and meta-analysis
The two collected primary outcome measures were the related 

pain and the behavior level exhibited during the anesthetic process 
by the study participants. These outcomes were expressed as contin-
uous or categorical variables, depending on the results reported by 
each study; however, only continuous data were used in the anal-
ysis because it was not possible to group the categorical variables 
between the studies. All statistical analysis tests (descriptive and 
inferential) and the forest plot construction were carried out using 
R software v. 3.2.0, including the Meta and Metafor R packages. 
Data were summarized and considered suitable for pooling only 
if the studies from which the data were extracted used similar 
interventions, included control groups, and used similar outcome 
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measures. The estimator that was used was the standardized mean 
difference (SMD), its standard deviation, and the corresponding 
95% confidence interval (95% CI) to compare the differences 
between the competing anesthetic techniques in terms of associated 
pain and the child’s anxiety (behavior) level. For all hypothesis 
testing, the differences in the results were considered significant 
when the two-tailed p-value was <0.05. The I2 index and Cochran’s 
Q test (with their 95% CI) were employed to measure heterogeneity 
among the selected studies. An I2 value of <50% corresponded to 
low heterogeneity, and a fixed-effects (FE) model was subsequently 
performed; an I2 value of >50% corresponded to high heterogeneity, 
and a random-effects (RE) model was performed according to 
the DerSimonian-Laird method. Both models were used to assess 
whether the differences in effects between the anesthetic techniques 
were statistically significant. Forest plots were assessed by calcu-
lating the tau-squared value and its 95% CI. Publication bias was 
not evaluated.

Review
The PRISMA flowchart for the selection process is presented in 

Fig. 1. The initial electronic search identified 9,707 references. After 
screening the titles and abstracts and removing duplicates, 9,652 
articles were excluded. Forty-five studies were considered poten-
tially relevant and the full text was critically evaluated; then, 15 of 
these studies39-54 were discarded due to diverse reasons. Finally, 30 
RCCT articles were included in the qualitative synthesis; all of them 
compared the computerized technique to traditional anesthesia); 18 
of them used the parallel-group design, and the remaining studies 
followed the split-mouth method. All these studies were catego-
rized as having moderate or high methodological quality. Fifteen 
articles were submitted to the meta-analysis (quantitative synth

esis)3,6,9,18,19,21,24,25,28,29,34-38. Fig. 1 describes the whole process of the 
present systematic review. The general characteristics of the CCDS 
studies that were included1,3-6,9,15-38 are reported in supplementary 
data Table S2, and the excluded studies39-54 are reported in supple-
mentary data Table S3.

Systematic review
For the qualitative synthesis, five different comparisons were 

carried out between CCDS vs. CONV regarding different outcome 
measures: (i) pain, (ii) anxiety, (iii) child’s behavior, (iv) pain 
according to the anatomical site/technique (infiltrative, intraliga-
mentary (ILA), inferior alveolar nerve blocking (IANB), and palate 
injection), and (v) diverse physiological parameters. The different 
comparisons included were made considering the differences in 
the response between the techniques, injection, and anatomical 
sites. These considerations have to do with previous reports where 
the IANB technique is known to have high failure rates and cause 
greater pain and consequently also anxiety, in addition to other risks 
associated with the anatomical injection site. On the other hand, 
ILA is recognized as a technique of immediate action and limited 
to a specific area. IANB and ILA are included in the conventional 
(CONV) category and are compared against computerized in the 
different dimensions selected as outcome measures.

The methodologic quality of individual studies is described in 
supplementary data Table S2. The three most frequent reasons for 
diminishing the global quality score were an inadequate method 
for the randomization process, a lack of evidence supporting the 
assumptions of the statistical tests, and an inappropriate blinding 
process for the outcome measurements.

CCDS vs. CONV (pain). A total of 24 studies compared the 
pain perception level among the child participants using different 

Figure 1. PRISMA flow chart for the literature search.
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Figure 2. Forest plot of the comparison between CCDS (Wand) and conventional injection (anxiety/behavior).

Figure 3. Forest plot of the comparison between CCDS (Wand) and conventional injection (pain perception).
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measurement tools. According to the findings from Palm et al,28 San 
Martín et al,33 Feda et al,9 Langthasa et al,25 Goyal et al,21 Jälevik 
and Klingberg,3 Baghlaf et al,18 Mittal et al,6,27 Yogesh-Kumar et 
al,37,38 Deepak et al,19 and Garret-Bernardin et al,20 CCDS demon-
strated significantly less perceived pain during local anesthesia than 
CONV did, while other authors, such as Asarch et al,17 Gibson et al,1 
Versloot et al,35,36 Al Amoudi et al,15 Kusku and Akiuz,24 Tahmassebi 
et al,34 Kandiah and Tahmassebi,22 Alamoudi et al,16 Maldona-
do-Ramírez et al,26 and Pattini et al,29 did not find a significant 
difference between the two methods.

CCDS vs. CONV (anxiety). Eighteen articles compared the 
level of anxiety between the two study groups. Asarch et al,17 Ram 
and Peretz,31 Versloot et al,35,36 Koyuturk et al,23 Goyal et al,21 and 
Maldonado-Ramirez et al,26 determined no difference in anxiety 
levels; however, Gibson et al,1 Allen et al,4 Klein et al,5 Feda et al,9 
Baghlaf et al,18 Yogesh-Kumar et al,37,38 and Deepak et al,19 favored 
the CCDS technique compared to the CONV technique.

CCDS vs. CONV (anatomical site/technique). Several 
researchers investigated the anesthetic efficacy between the two 
revised infiltrative techniques. These studies did not find any differ-
ences in efficacy: Koyuturk et al,23 Kuscu and Akiuz,24 Kandiah and 
Tahmassebi,22 Queiroz et al,30 Yogesh-Kumar et al,38 and Maldona-
do-Ramírez et al.26 Instead, Yogesh-Kumar et al,37 and Deepak et 
al,19 showed the superiority of CCDS compared to CONV. Regarding 
the ILA injection, only three studies were conducted,20,27,29 and the 
findings of these studies favored the CCDS anesthetic method over 
the CONV method. For IANB, CCDS demonstrated higher efficacy 
than CONV in two studies (Palm et al,28 and Baghlaf et al.18) Ram 
and Peretz31 and Alamoudi et al,16 found no significant differences. 
When palate injection was revised, nine studies reported superiority 
of CCDS over CONV: Gibson et al,1 Allen et al,4 Klein et al,5 San 
Martín-López et al,33 Ram and Kassirer,32 Feda et al,9 Goyal et al,21 
Jälevik and Klingberg,3 and Mittal et al;6 on the other hand, Asarch 
et al,17 Al Amoudi et al,15 Versloot et al,36 and Tahmassebi et al,34 did 
not detect any differences.

CCDS vs. CONV (physiological variables). A variety of physi-
ological parameters, such as cardiac frequency and arterial tension, 
were evaluated in the participants during the anesthetic process. San 
Martín-López et al,33 Yogesh-Kumar et al,37,38 Garret-Bernardin et 
al,20 Patini et al,29 and Mittal et al, 27 determined that the cardiac 
frequency was higher when the CONV technique was employed, 
and Kusku and Akiuz,24 Langthasa et al,25 Mittal et al,6 and Deepak 
et al,19 did not show any significant differences in the same param-
eter. Arterial tension, which was used as a physiologic measure, 
showed no changes with either anesthetic method.

Meta-analysis
For the quantitative analysis, only two separate direct compar-

isons were conducted: CCDS vs. CONV (anxiety/patient’s 
behavior), and CCDS vs. CONV (pain). The I2 test and Cochran’s 
test revealed high heterogeneity among the identified studies; thus, 
a random-effects model was the most suitable tool for calculating 
a global summary measure in the three meta-analyses. Fig. 2 and 
3 summarize the data and results from the different comparisons 
through forest plots.

CCDS vs. CONV (anxiety/behaviour). Nine studies6,9,19,24,34,35-38 
including 490 patients compared the resulting anxiety/behavior 

between the two anesthetic techniques. Again, the heterogeneity 
was rated as high (I2=94.8%, Q=173.38). Statistical analyses of the 
raw data were performed as described in the previous paragraph. 
The estimated standardized mean difference was –0.6035 (95% 
CI=–1.2067 to 0.002; z stat=–1.96, p=0.0499) (Fig. 2); according 
to these results, there were no significant differences in anxiety/
behavior between the study groups. The average methodological 
quality of the studies was 10.0±1.32.

CCDS vs. CONV (pain). Thirteen studies3,6,9,18,19,21,24,25,28,29,36-38 

involving 683 participants compared the pain caused by the two 
injection techniques, which was measured by different child-spe-
cific scales. The summary estimator used was the standardized 
mean difference. Due to the resulting high heterogeneity (I2=91.9%, 
Q=160.35), raw values were analyzed using the inverse variance 
method with a random-effects model; for this statistical procedure, 
the inter-study variance was determined by tau-squared with the 
DerSimonian-Laird estimator. Thus, the calculated standardized 
mean difference among the included studies was –0.7713 (95% 
CI=–1.1769 to –0.3656; z stat=–3.73, p=0.002). Thus, CCDS 
demonstrated significantly less pain than conventional injection. In 
the subgroup by pain scale analysis, the Facial Image Scale (FIS) 
and Wong-Baker Faces Pain Scale (WBFPS) scores show significant 
differences in favor of CCDS. The Visual Analogue Scale (VAS) 
does not show differences between groups, and the least scales were 
analyzed together in the global estimator because only one study 
used each scale (Fig. 3). The average value for the methodological 
quality (risk of bias) of the included studies was 9.92±1.8.

DISCUSSION
In the clinical practice of pediatric dentistry, pain has been 

considered a subjective sensation encompassing a variety of indi-
vidual psychological and physiological issues, such as the patient’s 
stress level, trust, personality, and perceived control over a pain 
stimulus.54 When treating pediatric patients, the management of pain 
associated with local anesthesia is a crucial aspect that may influence 
a child’s behavioral response in the dental chair; a painful injection 
may inflict fear and anxiety, thus contributing to a child’s refusal of 
dental treatment, depending on the child’s maturation level of phys-
ical, cognitive and emotional systems.37 For this reason, numerous 
investigations have focused on seeking adequate tools for children 
that ensure a painless administration of anesthesia and maximize 
comfort, cooperation, and compliance.20

The present systematic review and meta-analysis were 
performed exclusively on RCCT. The obtained data showed variable 
results in terms of pain/anxiety caused by a CCDS and the conven-
tional injection. In this systematic review, we included 30 studies 
(a total of 2,202 pediatric patients recruited) that used CCDS. Arti-
cles with a sufficient amount of raw data were grouped into two 
different comparison groups: a) CCDS (only the Wand system) vs. 
the traditional technique comparing the associated pain level (13 
studies including 683 treatments in pediatric patients), and b) CCDS 
(only the Wand system) vs. the traditional technique comparing 
the anxiety/behavior level (9 studies including 490 treatments in 
patients). The global methodological quality of these comparisons 
was rated as moderate (9.92 to 10.5). In this context, it is important 
to mention that Libonati et al,7 previously performed a similarly 
focused systematic review/meta-analysis, from which some of their 
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reported findings agree with ours. However, there are two essential 
methodological differences between the two studies. Firstly, they 
limited the eligibility criteria to cross-over and split-mouth designs, 
while we expanded our search to any type of RCCT. Secondly, half 
of the studies selected for the qualitative and quantitative assess-
ments by Libonati and colleagues included clinical trials carried 
out in adult samples (ranging from 18 to 70 years old); in contrast, 
we deemed eligible only studies performed with pediatric patients 
(under 18 years old).

In the comparison of CCDS (Wand) vs. the conventional infil-
tration method, the qualitative synthesis of perceived pain is contra-
dictory, in part due to the different methods employed to measure 
the intensity of pain and the clinical conditions of the trials. In their 
review, Sivaramakrishnan and Sridharan55 found 6 articles that eval-
uated pain during the infiltration of local anesthetics. Some of these 
studies reported a difference in favor of CCDS over the traditional 
method; however, the effectiveness of CCDS was not conclusive.48 
In another similar review by Kwak et al,56 it was reported that the 
use of CCDS to reduce perceived pain in children is also inconclu-
sive.56 These contradictory results are in line with the findings of the 
present review; according to the qualitative synthesis, the effective-
ness of CCDS varied within each study, and the results did not show 
a clear benefit of CCDS compared to the traditional method. On the 
other hand, the quantitative synthesis of CCDS determined a signif-
icant reduction in perceived pain, and the degree of heterogeneity of 
the different evaluation methods employed in the included studies 
was also apparent in the meta-analysis (I2>90%); thus, a comparison 
was made by a random-effects model. Additionally, when studies 
used different measurement scales for the same response (in this 
case pain and anxiety), the global estimator SMD (and its standard 
deviation) was useful to compare and group the different types of 
data; in this context, the SMD is defined as an adimensional vari-
able that, in our study, demonstrated a significant difference in 
favor of CCDS (Wand) over CONV. These results show that the 
perception of pain was lower in children who received the infiltra-
tion of anesthetic with the CCDS system than in those who received 
the anesthetic with the traditional method. These results are in 
concordance with the findings reported by Libonati et al,7 in which 
perceived pain was significantly reduced in the CCDS group than in 
the CONV group. On the other hand, de Camargo-Smolarek et al,8 
recently performed another systematic review comparing the same 
injection techniques (computerized vs. conventional) for children 
regarding two issues: pain perception and disruptive behavior. For 
the variable “pain perception”, when the analysis took all studies 
together, regardless of their methodological quality (risk of bias), 
there was a significant difference in favor of CCDS systems; for 
the variable “disruptive behavior” there was no difference between 
the two anesthetic techniques. However, when only studies with a 
low risk of bias were included in their statistical comparison for the 
variable “reduction of pain”, they found no significant differences 
between the two methods.

The main study hypothesis for the present meta-analysis aimed 
to test the difference between CCDS and the traditional infiltration 
method, independently of the scale used to measure pain/anxiety and 
patient behavior levels. However, one common conclusion reported 
in most reviews about this clinical issue is the heterogeneity and 
subjectivity of the reported response variables.7,8 This weakness was 

also present in this systematic review; therefore, it is an important 
matter to consider for the clinical interpretation of the use of CCDS 
in children.

The measurement of pain in the pediatric population represents 
a true challenge because the results from behavior scales depend 
on the degree of concordance of the evaluators, and self-reported 
results depend on the children’s age and their capacity to understand 
the indications for the scale. Other variables, such as certain phys-
iological variables, have been used to attain an objective measure-
ment of pain in children. However, in many cases, the values of 
these objective variables are not always related to the intensity of 
pain perceived by the patient.57 This discrepancy may become a 
source of bias and complicate one’s ability to make a valid conclu-
sion regarding the efficacy of CCDS because, although CCDS can 
be useful, the employed scale may not be sufficiently accurate to 
correctly measure the perceived pain. The same issue is present 
for the quantitative data related to behavior/anxiety levels. When a 
comparison was performed between the CCDS and CONV methods, 
the evidence did not show a significant difference in favor of CCDS. 
Again, the retrieved data do not allow the effectiveness of CCDS 
to be established, and other concomitant factors may influence 
the pain perceived by children during local anesthetic infiltration. 
Another methodological deficiency in the present review was in 
the comparison of the anatomical sites of the anesthetic punctures; 
articles that compared different techniques in different anatomical 
sites we excluded, because the perception of pain during the pala-
tine infiltration techniques is different than that during the inferior 
alveolar nerve block (IANB), intraligamentary (ILA) or buccal 
infiltration techniques. In their review, Baghlaf et al,58 evaluated the 
efficacy of a CCDS in the ILA technique and concluded that the 
system was useful to significantly reduce the pain perceived by chil-
dren; however, they did not analyze different techniques between 
the experimental and control groups. Perhaps, the reduction in pain 
perceived in the ILA technique compared to the IANB was only due 
to the natural pain caused by these techniques and not specifically 
associated with the use of the CCDS.

Finally, this systematic review aimed to find all relevant articles 
in this field and group the largest number of studies quantitatively 
rather than by the heterogeneity, design, variables, or scales used. 
Although the global estimator in the meta-analysis indicates a pain 
reduction with a CCDS, this finding is inconclusive because the 
subgroup analysis by pain scales indicates a difference in favor of 
CCDS for some scales and no effect for other scales. Due to the 
small number of studies that used each scale, the subgroup analysis 
is not valid; for this reason, we indicate only the global estimator in 
this comparison. For future clinical studies, we suggest the use of a 
standardized pain scale by age and both behavioral and self-reported 
scales; experiments with individual systems and comparisons of 
the same anesthetic technique between experimental and control 
groups are necessary to correctly establish the effects of CCDS. 
Also, more well-controlled clinical trials are necessary to confirm 
these reported findings, preferably trials that follow the parameters 
suggested by the CONSORT guidelines.

Globally, the evidence elicited from the present systematic 
review and meta-analysis determines a marginal decrease in the 
pain and anxiety perceived by pediatric patients when the local 
anesthetic technique was performed with a CCDS. However, the 
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use of different types of pain scales in the different included studies 
is a potential factor of bias to consider during the interpretation of 
the results in the child population. Although CCDS are currently 
deemed as clinically useful and practical devices for dental pediatric 
patients, it is necessary further high-quality research to confirm the 
findings reported here.

ACKNOWLEDGEMENTS
The reviewing of this manuscript by American Journal Experts 

has been particularly appreciated. This study was partially supported 
by PFCE-2019-24MSU0011E-11 grant.

CONFLICT OF INTEREST
The authors declare that they have no conflicts of interest.

SUPPLEMENTARy DATA
Table S1.  Methodological quality appraisal of selected studies. 

Fi
rs

t a
ut

ho
r, 

Ye
ar

R
C

T 
de

si
gn

Sa
m

pl
e 

si
ze

 c
al

cu
la

tio
n

1 
= 

U
ns

pe
ci

fie
d 

/ p
ilo

t s
tu

dy
,

2 
= 

Pr
es

en
t.

R
an

do
m

iz
at

io
n

0 
= 

N
ot

 p
re

se
nt

,
1 

= 
N

ot
 c

le
ar

,
2 

= 
Pr

es
en

t (
ho

m
og

en
eo

us
 g

ro
up

s)
.

R
an

do
m

iz
at

io
n 

(m
et

ho
d)

0 
= 

U
ns

ui
ta

bl
e/

no
t d

es
cr

ib
ed

,
1 

= 
A

de
qu

at
e.

B
lin

di
ng

0 
= 

N
ot

 d
es

cr
ib

ed
,

1 
= 

N
ot

 c
le

ar
/in

ap
pr

op
ria

te
,

2 
= 

Pr
es

en
t a

nd
 d

es
cr

ib
ed

.

Fo
llo

w
-u

p
0 

= 
In

co
m

pl
et

e,
1 

= 
In

te
nt

io
n 

to
 tr

ea
t /

 o
th

er
 m

et
ho

ds
of

 a
na

ly
si

s,
2 

= 
Fu

ll

R
es

po
ns

e 
va

ria
bl

e
0 

= 
Q

ua
lit

at
iv

e 
su

bj
ec

tiv
e,

1 
= 

Q
ua

lit
at

iv
e 

ob
je

ct
iv

e,
2 

= 
Q

ua
nt

ita
tiv

e

C
on

co
rd

an
ce

 o
f  

m
ea

su
rin

g 
m

et
ho

d
0 

= 
N

ot
 p

re
se

nt
,

1 
= 

N
ot

 c
le

ar
,

2 
= 

Pr
es

en
t/t

es
tin

g 
la

bo
ra

to
ry

A
ss

um
pt

io
ns

 o
f s

ta
tis

tic
al

 te
st

0 
= 

N
ot

 p
re

se
nt

,
1 

= 
N

ot
 c

le
ar

 / 
ca

te
go

ric
al

 d
at

a,
2 

= 
Pr

es
en

t a
nd

 d
es

cr
ib

ed

R
es

ul
ts

0 
= 

In
co

m
pl

et
e,

1 
= 

C
om

pl
et

e

To
ta

l

Computer-controlled local anesthesia delivery systems

Asarch, 
199917 P 1 2 0 2 2 1 1 0 1 10

Gibson, 
20001 P 1 2 0 0 2 1 1 1 1 9

Allen, 20034 P 1 2 0 0 2 1 2 0 1 9

Ram, 200331 P 1 2 0 0 2 1 2 0 1 9

Palm, 200428 SM 1 2 1 2 2 1 1 1 1 12

San Martin, 
200533 SM 1 0 0 2 2 1 1 2 1 10

Klein, 20055 P 1 2 0 0 2 1 1 0 1 8

Versloot, 
200535 P 2 2 1 0 2 1 2 0 1 11

Ram, 200632 P 1 2 0 0 2 1 1 0 1 8

Al Almoudi, 
200815 P 1 0 0 0 2 1 1 0 1 6

Kusku, 
200824

SM 1 2 0 0 2 1 1 1 1 9

Versloot, 
200836

SM 1 2 1 0 2 1 2 1 1 11

Koyuturk, 
200923 P 1 2 0 0 2 1 1 0 1 8

Tahmassebi, 
200934

P 2 2 1 0 2 1 1 0 1 10

Feda, 20109 SM 1 2 0 0 2 1 1 0 1 8

Langthasa, 
201225

SM 1 2 0 0 2 1 1 0 1 8

Kandiah, 
201222

P 2 2 1 2 1 1 1 2 1 13

Goyal, 201421 SM 1 2 0 0 2 1 1 0 1 8

Jälevik, 
20143

SM 1 2 0 0 2 1 1 0 1 8

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

378 doi 10.17796/1053-4625-44.6.1 The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020

Fi
rs

t a
ut

ho
r, 

Ye
ar

R
C

T 
de

si
gn

Sa
m

pl
e 

si
ze

 c
al

cu
la

tio
n

1 
= 

U
ns

pe
ci

fie
d 

/ p
ilo

t s
tu

dy
,

2 
= 

Pr
es

en
t.

R
an

do
m

iz
at

io
n

0 
= 

N
ot

 p
re

se
nt

,
1 

= 
N

ot
 c

le
ar

,
2 

= 
Pr

es
en

t (
ho

m
og

en
eo

us
 g

ro
up

s)
.

R
an

do
m

iz
at

io
n 

(m
et

ho
d)

0 
= 

U
ns

ui
ta

bl
e/

no
t d

es
cr

ib
ed

,
1 

= 
A

de
qu

at
e.

B
lin

di
ng

0 
= 

N
ot

 d
es

cr
ib

ed
,

1 
= 

N
ot

 c
le

ar
/in

ap
pr

op
ria

te
,

2 
= 

Pr
es

en
t a

nd
 d

es
cr

ib
ed

.

Fo
llo

w
-u

p
0 

= 
In

co
m

pl
et

e,
1 

= 
In

te
nt

io
n 

to
 tr

ea
t /

 o
th

er
 m

et
ho

ds
of

 a
na

ly
si

s,
2 

= 
Fu

ll

R
es

po
ns

e 
va

ria
bl

e
0 

= 
Q

ua
lit

at
iv

e 
su

bj
ec

tiv
e,

1 
= 

Q
ua

lit
at

iv
e 

ob
je

ct
iv

e,
2 

= 
Q

ua
nt

ita
tiv

e

C
on

co
rd

an
ce

 o
f  

m
ea

su
rin

g 
m

et
ho

d
0 

= 
N

ot
 p

re
se

nt
,

1 
= 

N
ot

 c
le

ar
,

2 
= 

Pr
es

en
t/t

es
tin

g 
la

bo
ra

to
ry

A
ss

um
pt

io
ns

 o
f s

ta
tis

tic
al

 te
st

0 
= 

N
ot

 p
re

se
nt

,
1 

= 
N

ot
 c

le
ar

 / 
ca

te
go

ric
al

 d
at

a,
2 

= 
Pr

es
en

t a
nd

 d
es

cr
ib

ed

R
es

ul
ts

0 
= 

In
co

m
pl

et
e,

1 
= 

C
om

pl
et

e

To
ta

l

Baghlaf, 
201518

P 2 2 1 0 2 1 2 0 1 11

Yogesh-
Kumar, 
201537

SM 1 2 1 0 2 1 1 0 1 9

Mittal, 20156 P 1 2 0 0 2 1 2 2 1 11

Queiroz, 
201530

SM 1 2 0 0 2 1 1 0 1 8

Yogesh-
Kumar, 
201538

SM 1 2 1 0 2 1 1 0 1 9

Alamoudi, 
201616

P 2 2 0 2 2 1 2 0 1 12

Maldona-
do-Ramirez, 
201726

P 1 2 0 0 2 1 1 0 1 8

Deepak, 
201719

P 2 2 1 0 2 1 1 2 1 12

Garret-Ber-
nardin, 
201720

SM 1 2 1 0 2 1 2 0 1 10

Patini, 201829 P 2 2 1 2 2 1 1 1 1 13

Mittal, 201927 P 2 2 0 0 2 1 2 0 0 9
P (Parallel design)

SM (Split-mouth design)

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020 doi 10.17796/1053-4625-44.6    379

Ta
bl

e 
S2

. C
ha

ra
ct

er
is

tic
s 

of
 th

e 
in

cl
ud

ed
 s

tu
di

es
 (C

om
pu

te
r-

co
nt

ro
lle

d 
lo

ca
l a

ne
st

he
si

a 
de

liv
er

y 
sy

st
em

s)
.

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

As
ar

ch
, 1

99
917

Pa
ra

lle
l

R
es

to
ra

tiv
e 

tre
at

m
en

t

57
 p

at
ie

nt
s

Ag
e:

 5
-1

3 
yr

s

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

 fo
r 3

0-
45

 s
ec

.
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

IA
N

B:
 1

.8
 c

c
Bu

cc
al

: 0
.9

0 
cc

Pa
la

ta
l: 

0.
23

 c
c

Sl
ow

 m
od

e

57
IA

N
B

Bu
cc

al
 a

nd
 p

al
at

al
 

in
fil

tra
tio

n

Pa
in

 p
er

ce
pt

io
n:

VA
S,

 a
fte

r t
he

 in
je

ct
io

n

Pa
in

 b
eh

av
io

r:
Es

ta
bl

is
he

d 
pa

in
 b

eh
av

io
r c

od
e:

1)
 N

on
-in

te
rfe

rin
g 

bo
dy

 m
ov

em
en

ts
, 2

) 
C

ry
in

g,
 3

) M
ov

em
en

t d
is

ru
pt

iv
e 

to
 tr

ea
tm

en
t, 

an
d 

4)
 M

ov
em

en
t r

eq
ui

rin
g 

re
st

ra
in

t, 
w

ith
 

in
te

rv
al

s 
of

 1
5 

se
c 

du
rin

g 
in

je
ct

io
n

Tr
ea

tm
en

t s
at

is
fa

ct
io

n:
Li

ke
rt 

ra
tin

g 
sc

al
e,

 A
t t

he
 e

nd
 o

f t
he

 tr
ea

tm
en

t

D
ur

at
io

n 
of

 in
je

ct
io

n

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

 fo
r 3

0-
45

 s
ec

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0
N

ee
dl

e 
30

G
IA

N
B:

 1
.8

 c
c

Bu
cc

al
: 0

.9
0 

cc
Pa

la
ta

l: 
0.

23
 c

c

57
IA

N
B

Bu
cc

al
 a

nd
 p

al
at

al
 

in
fil

tra
tio

n

G
ib

so
n,

 2
00

01
Pa

ra
lle

l
O

pe
ra

tiv
e 

de
nt

is
try

62
 p

at
ie

nt
s

Ag
e:

 5
-1

3 
yr

s
Al

l p
at

ie
nt

s 
ha

d 
a 

pr
ev

io
us

 d
en

ta
l 

ex
pe

rie
nc

e,
 

in
cl

ud
in

g 
lo

ca
l 

an
es

th
es

ia

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

 fo
r 6

0 
se

c
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

1.
0 

cc
Sl

ow
 in

je
ct

io
n 

sp
ee

d

31
AM

SA
P-

AS
A

Pa
in

 p
er

ce
pt

io
n:

VA
S 

af
te

r t
he

 re
st

or
at

io
n 

w
as

 c
om

pl
et

ed

Pa
in

 b
eh

av
io

r:
Es

ta
bl

ish
ed

 p
ai

n 
be

ha
vio

r c
od

e:
 1

) B
od

y 
m

ov
em

en
ts

; 2
) C

ry
in

g;
 3

) M
ov

em
en

ts
 re

qu
iri

ng
 

re
st

ra
in

t; 
an

d 
4)

 M
ov

em
en

ts
 re

qu
iri

ng
 a

te
m

po
ra

ry
 h

al
t t

o 
tre

at
m

en
t, 

du
rin

g 
t

he
 tr

ea
tm

en
t, 

th
es

e 
m

ea
su

re
s 

w
er

e 
m

ad
e 

af
te

r 
th

e 
an

es
th

es
ia

O
ve

ra
ll t

re
at

m
en

t s
at

isf
ac

tio
n:

W
ith

 fi
ve

 q
ue

st
io

ns
: 6

 p
oi

nt
s

(1
) R

ep
re

se
nt

in
g 

st
ro

ng
 d

isa
gr

ee
m

en
t f

ro
m

 th
e 

pa
tie

nt
; (

6)
 S

ig
ni

fy
in

g 
st

ro
ng

 a
gr

ee
m

en
t t

o 
th

e 
st

at
em

en
t b

y 
th

e 
pa

tie
nt

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

 fo
r 6

0 
se

c
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

 n
ee

dl
e

1.
0 

cc
Bu

cc
al

 in
fil

tra
tio

n:
 1

.8
 c

c
Pa

la
ta

l i
nj

ec
tio

n:
 0

.1
8 

cc

31
Bu

cc
al

 in
fil

tra
tio

n/
pa

la
ta

l i
nj

ec
tio

n

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

380 doi 10.17796/1053-4625-44.6.1 The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

Al
le

n,
 2

00
34

Pa
ra

lle
l

R
es

to
ra

tiv
e 

tre
at

m
en

t

40
 p

at
ie

nt
s

Ag
e:

 2
-5

 y
rs

AS
A 

I

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

 fo
r 3

0 
se

c
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

1.
0 

cc
Sl

ow
 m

od
e

20
AM

SA
P-

AS
A

Pa
in

 b
eh

av
io

r:
Es

ta
bl

is
he

d 
pa

in
 b

eh
av

io
r c

od
e:

1)
 B

od
y 

m
ov

em
en

ts
, 2

) C
ry

in
g,

 3
) R

es
tra

in
t,

4)
 S

to
pp

ag
e 

of
 tr

ea
tm

en
t, 

at
 in

te
rv

al
s 

of
 1

5 
se

c 
du

rin
g 

th
e 

in
je

ct
io

n
C

on
ve

nt
io

na
l 

sy
rin

ge

To
pi

ca
l a

ne
st

he
tic

 fo
r 3

0 
se

c
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

1.
0 

cc

20
Bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

R
am

, 2
00

331
Pa

ra
lle

l
O

pe
ra

tiv
e 

de
nt

is
try

10
2 

pa
tie

nt
s

Ag
e:

 3
-1

0 
yr

s
AS

A 
I

w
ith

 n
o 

pr
io

r d
en

ta
l 

tre
at

m
en

t

W
an

d 
(C

C
D

S)

G
ro

up
 1

: 3
-5

 
yr

s

G
ro

up
 2

: 6
-1

0 
yr

s

To
pi

ca
l a

ne
st

he
tic

 g
el

 (5
%

 
Li

do
ca

in
e)

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0
N

ee
dl

e 
30

G
Sl

ow
 ra

te

55 47

IA
N

B
Bu

cc
al

 in
fil

tra
tio

n
of

 th
e 

pa
la

ta
l z

on
e,

 
th

e 
ne

ed
le

 w
as

 
in

se
rte

d 
in

 th
e 

gi
ng

iv
al

 s
ul

cu
s

Pa
in

 b
eh

av
io

r:
M

BP
S:

 1
) F

ac
ia

l d
is

pl
ay

, 2
) A

rm
/le

g 
m

ov
em

en
ts

, 3
) T

or
so

 m
ov

em
en

ts
, a

nd
 4

) 
C

ry
in

g,
 d

ur
in

g 
th

e 
ad

m
in

is
tra

tio
n 

of
 th

e 
lo

ca
l 

an
es

th
et

ic
 in

je
ct

io
n

C
on

ve
nt

io
na

l 
sy

rin
ge

G
ro

up
 1

: 3
-5

 
yr

s

G
ro

up
 2

: 6
-1

0 
yr

s

To
pi

ca
l a

na
es

th
et

ic
 g

el
 (5

%
 

Li
do

ca
in

e)
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e:

 3
0G

1m
L/

m
in

55 47

IA
N

B
Bu

cc
al

 in
fil

tra
tio

n
an

es
th

es
ia

 to
 th

e 
pa

la
ta

l z
on

e 
w

as
 

pe
rfo

rm
ed

 th
ro

ug
h 

th
e 

al
re

ad
y 

an
es

-
th

et
iz

ed
 b

uc
ca

l 
pa

pi
lla

Pa
lm

, 2
00

428
Sp

lit
-

m
ou

th
O

pe
ra

tiv
e 

de
nt

is
try

33
 p

at
ie

nt
s

Ag
e:

 7
-1

8 
yr

s

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

 fo
r 1

 m
in

M
ep

iv
ac

ai
ne

 2
0%

, a
dr

en
al

in
e 

1:
10

0,
00

0
N

ee
dl

e 
27

G
Sl

ow
 m

od
e

1.
5 

m
L

90
 s

ec

33
IA

N
B

Pa
in

 p
er

ce
pt

io
n:

VA
S,

 im
m

ed
ia

te
ly

 a
fte

r t
he

 in
je

ct
io

n

Pa
in

 b
eh

av
io

r:
C

ry
in

g,
 m

ov
in

g 
th

e 
he

ad
, o

r o
th

er
 d

is
ru

pt
iv

e 
be

ha
vi

or
s 

w
er

e 
no

te
d 

du
rin

g 
th

e 
in

je
ct

io
n

An
ae

st
he

tic
 o

ns
et

:
Th

e 
ch

ild
re

n 
w

er
e 

in
st

ru
ct

ed
 to

 in
fo

rm
 a

t 
th

e 
tim

e 
of

 th
e 

nu
m

bn
es

s 
of

 th
e 

lip
 fr

om
 th

e 
ex

tra
ct

io
n 

of
 th

e 
ne

ed
le

 u
nt

il 
th

e 
nu

m
bn

es
s 

of
 

th
e 

lip
 w

as
 re

po
rte

d

C
on

ve
nt

io
na

l 
sy

rin
ge

 
(A

sp
ije

ct
)

To
pi

ca
l a

ne
st

he
tic

 fo
r 1

m
in

M
ep

iv
ac

ai
ne

 2
0%

, a
dr

en
al

in
e 

1:
10

.0
00

.
N

ee
dl

e 
27

G
1.

5 
m

L
St

an
da

rd
 te

ch
ni

qu
e 

60
-9

0 
se

c

33
IA

N
B

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020 doi 10.17796/1053-4625-44.6    381

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

Al
le

n,
 2

00
34

Pa
ra

lle
l

R
es

to
ra

tiv
e 

tre
at

m
en

t

40
 p

at
ie

nt
s

Ag
e:

 2
-5

 y
rs

AS
A 

I

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

 fo
r 3

0 
se

c
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

1.
0 

cc
Sl

ow
 m

od
e

20
AM

SA
P-

AS
A

Pa
in

 b
eh

av
io

r:
Es

ta
bl

is
he

d 
pa

in
 b

eh
av

io
r c

od
e:

1)
 B

od
y 

m
ov

em
en

ts
, 2

) C
ry

in
g,

 3
) R

es
tra

in
t,

4)
 S

to
pp

ag
e 

of
 tr

ea
tm

en
t, 

at
 in

te
rv

al
s 

of
 1

5 
se

c 
du

rin
g 

th
e 

in
je

ct
io

n
C

on
ve

nt
io

na
l 

sy
rin

ge

To
pi

ca
l a

ne
st

he
tic

 fo
r 3

0 
se

c
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

1.
0 

cc

20
Bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

R
am

, 2
00

331
Pa

ra
lle

l
O

pe
ra

tiv
e 

de
nt

is
try

10
2 

pa
tie

nt
s

Ag
e:

 3
-1

0 
yr

s
AS

A 
I

w
ith

 n
o 

pr
io

r d
en

ta
l 

tre
at

m
en

t

W
an

d 
(C

C
D

S)

G
ro

up
 1

: 3
-5

 
yr

s

G
ro

up
 2

: 6
-1

0 
yr

s

To
pi

ca
l a

ne
st

he
tic

 g
el

 (5
%

 
Li

do
ca

in
e)

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0
N

ee
dl

e 
30

G
Sl

ow
 ra

te

55 47

IA
N

B
Bu

cc
al

 in
fil

tra
tio

n
of

 th
e 

pa
la

ta
l z

on
e,

 
th

e 
ne

ed
le

 w
as

 
in

se
rte

d 
in

 th
e 

gi
ng

iv
al

 s
ul

cu
s

Pa
in

 b
eh

av
io

r:
M

BP
S:

 1
) F

ac
ia

l d
is

pl
ay

, 2
) A

rm
/le

g 
m

ov
em

en
ts

, 3
) T

or
so

 m
ov

em
en

ts
, a

nd
 4

) 
C

ry
in

g,
 d

ur
in

g 
th

e 
ad

m
in

is
tra

tio
n 

of
 th

e 
lo

ca
l 

an
es

th
et

ic
 in

je
ct

io
n

C
on

ve
nt

io
na

l 
sy

rin
ge

G
ro

up
 1

: 3
-5

 
yr

s

G
ro

up
 2

: 6
-1

0 
yr

s

To
pi

ca
l a

na
es

th
et

ic
 g

el
 (5

%
 

Li
do

ca
in

e)
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e:

 3
0G

1m
L/

m
in

55 47

IA
N

B
Bu

cc
al

 in
fil

tra
tio

n
an

es
th

es
ia

 to
 th

e 
pa

la
ta

l z
on

e 
w

as
 

pe
rfo

rm
ed

 th
ro

ug
h 

th
e 

al
re

ad
y 

an
es

-
th

et
iz

ed
 b

uc
ca

l 
pa

pi
lla

Pa
lm

, 2
00

428
Sp

lit
-

m
ou

th
O

pe
ra

tiv
e 

de
nt

is
try

33
 p

at
ie

nt
s

Ag
e:

 7
-1

8 
yr

s

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

 fo
r 1

 m
in

M
ep

iv
ac

ai
ne

 2
0%

, a
dr

en
al

in
e 

1:
10

0,
00

0
N

ee
dl

e 
27

G
Sl

ow
 m

od
e

1.
5 

m
L

90
 s

ec

33
IA

N
B

Pa
in

 p
er

ce
pt

io
n:

VA
S,

 im
m

ed
ia

te
ly

 a
fte

r t
he

 in
je

ct
io

n

Pa
in

 b
eh

av
io

r:
C

ry
in

g,
 m

ov
in

g 
th

e 
he

ad
, o

r o
th

er
 d

is
ru

pt
iv

e 
be

ha
vi

or
s 

w
er

e 
no

te
d 

du
rin

g 
th

e 
in

je
ct

io
n

An
ae

st
he

tic
 o

ns
et

:
Th

e 
ch

ild
re

n 
w

er
e 

in
st

ru
ct

ed
 to

 in
fo

rm
 a

t 
th

e 
tim

e 
of

 th
e 

nu
m

bn
es

s 
of

 th
e 

lip
 fr

om
 th

e 
ex

tra
ct

io
n 

of
 th

e 
ne

ed
le

 u
nt

il 
th

e 
nu

m
bn

es
s 

of
 

th
e 

lip
 w

as
 re

po
rte

d

C
on

ve
nt

io
na

l 
sy

rin
ge

 
(A

sp
ije

ct
)

To
pi

ca
l a

ne
st

he
tic

 fo
r 1

m
in

M
ep

iv
ac

ai
ne

 2
0%

, a
dr

en
al

in
e 

1:
10

.0
00

.
N

ee
dl

e 
27

G
1.

5 
m

L
St

an
da

rd
 te

ch
ni

qu
e 

60
-9

0 
se

c

33
IA

N
B

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

Sa
n 

M
ar

tin
, 

20
05

33
Sp

lit
-

m
ou

th
D

en
ta

l 
re

st
or

at
io

n

64
 p

at
ie

nt
s

Ag
e:

 9
-1

2 
yr

s

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

 fo
r 1

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0
N

ee
dl

e 
30

G
Sl

ow
 m

od
e

Bu
cc

al
: 0

.9
0 

m
L

Pa
la

ta
l 0

.4
5 

m
L

64
Bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

Pa
in

 p
er

ce
pt

io
n:

VA
S,

 a
fte

r e
ac

h 
in

je
ct

io
n

H
R

:
D

ur
in

g 
th

e 
in

je
ct

io
n

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

na
es

th
et

ic
 fo

r 1
 m

in
Li

do
ca

in
e 

2%
 e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

Bu
cc

al
: 0

.9
0 

m
L

Pa
la

ta
l 0

.4
5 

m
L

64
Bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

Kl
ei

n,
 2

00
55

Pa
ra

lle
l

C
or

on
al

 a
nd

/o
r 

ra
di

cu
la

r p
ul

p 
tis

su
e 

re
m

ov
al

 
w

ith
 s

ub
se

qu
en

t 
cr

ow
n 

pl
ac

e-
m

en
t a

nd
/o

r 
ex

tra
ct

io
ns

21
 p

at
ie

nt
s

Ag
e:

 3
-5

 y
rs

AS
A 

I
w

ith
 a

 p
re

vi
ou

s 
de

nt
al

 e
xp

er
ie

nc
e

C
om

pu
M

ed
 (C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

 fo
r 3

0 
se

c
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0 

ep
in

ep
hr

in
e

N
ee

dl
e 

30
G

1.
4 

m
L

12
P-

AS
A

D
is

ru
pt

iv
e 

be
ha

vi
or

:
AD

BC
1.

 B
od

y 
m

ov
em

en
ts

 (B
); 

2.
 C

ry
in

g 
(C

); 
3.

 
M

ov
em

en
ts

 re
qu

iri
ng

 re
st

ra
in

t (
R

);
4.

 M
ov

em
en

ts
 re

qu
iri

ng
 te

m
po

ra
ry

 in
te

rru
p-

tio
n 

of
 tr

ea
tm

en
t f

or
 b

eh
av

io
r m

an
ag

em
en

t 
in

te
rv

en
tio

ns
 (D

), 
at

 1
5-

se
c 

in
te

rv
al

s 
du

rin
g 

th
e 

pr
oc

ed
ur

e 
fo

r 2
0 

m
in

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

 fo
r 3

0 
se

c
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0 

ep
in

ep
hr

in
e.

N
ee

dl
e 

30
G

1.
8 

m
L

9
Su

pr
ap

er
io

st
ea

l
bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

Ve
rs

lo
ot

, 
20

05
35

Pa
ra

lle
l

D
en

ta
l 

tre
at

m
en

t

12
5 

pa
tie

nt
s

Ag
e:

 4
-1

1 
ye

ar
s

AS
A 

I
Lo

w
-a

nx
io

us
 

ch
ild

re
n 

an
d 

H
ig

hl
y-

 a
nx

io
us

 
ch

ild
re

n

W
an

d 
(C

C
D

S)
To

pi
ca

l a
ne

st
he

tic
 w

as
 n

ot
 u

se
d

67
AM

SA
P-

AS
A 

(m
ax

illa
ry

)
PD

L 
(m

an
di

bl
e)

Pa
in

 p
er

ce
pt

io
n:

VA
S 

m
od

ifi
ed

, a
fte

r t
he

 in
je

ct
io

n

Pa
in

 b
eh

av
io

r:
Pa

in
 b

eh
av

io
r c

od
ed

 b
y 

bo
dy

 m
ov

em
en

t, 
M

us
cl

e 
te

ns
io

n,
 C

ry
in

g 
or

 s
cr

ea
m

in
g,

 V
er

ba
l 

pr
ot

es
t, 

Bo
di

ly
 re

si
st

an
ce

 a
t 1

5-
se

c 
in

te
rv

al
s 

of
 th

e 
in

je
ct

io
n 

ph
as

e

D
is

tre
ss

:
Ve

nh
am

’s
 (m

od
ifi

ed
), 

at
 1

5-
se

c 
in

te
rv

al
s

C
FS

S-
D

S:
Fo

r t
he

 p
ar

en
ts

.

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

 fo
r 6

0 
se

c
58

Bu
cc

al
 a

nd
 

pa
la

ta
l i

nf
ilt

ra
tio

n 
(m

ax
illa

ry
)

IA
N

B

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

382 doi 10.17796/1053-4625-44.6.1 The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

R
am

, 2
00

632
Pa

ra
lle

l
Ex

tra
ct

io
ns

, 
pu

lp
ot

om
y,

 
pu

lp
ec

to
m

y,
 

st
rip

 c
ro

w
ns

13
8 

pa
tie

nt
s

Ag
e:

 2
4-

48
 m

on
th

s
AS

A 
I

W
an

d 
(C

C
D

S)

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
 

10
0,

00
0

N
ee

dl
e 

30
G

, u
ltr

a-
sh

or
t

G
ro

up
 A

 P
D

L 
in

je
ct

io
n

Sl
ow

 ra
te

0.
6 

m
L

G
ro

up
 B

: P
-A

SA
 in

je
ct

io
n

Sl
ow

 ra
te

1 
m

L

45 40

PD
L

P-
AS

A

Pa
in

 b
eh

av
io

r:
M

BP
S 

su
gg

es
te

d 
by

 T
ad

di
o:

1)
 F

ac
ia

l d
is

pl
ay

, 2
) A

rm
/le

g 
m

ov
em

en
ts

, 3
) 

To
rs

o 
m

ov
em

en
ts

 a
nd

 4
) C

ry
in

g,
 re

gi
st

er
ed

 
by

 a
 tr

ai
ne

d 
de

nt
al

 a
ss

is
ta

nt
 d

ur
in

g 
th

e 
in

je
ct

io
n

C
on

ve
nt

io
na

l 
sy

rin
ge

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
 

10
0,

00
0

Ne
ed

le
 3

0G
, u

ltr
a-

sh
or

t
Th

e 
in

je
ct

io
n 

ra
te

 w
as

 s
lo

w:
 1

 m
L/

m
in

Th
e 

am
ou

nt
 o

f lo
ca

l a
ne

st
he

tic
 

so
lu

tio
n 

0.
9 

m
L

44
Pa

la
ta

l s
up

ra
pe

-
rio

st
ea

l, 
bu

cc
al

 
in

fil
tra

tio
n

Al
 A

lm
ou

di
, 

20
08

15
Pa

ra
lle

l

Pu
lp

ot
om

y 
or

 
ex

tra
ct

io
ns

(m
ax

illa
ry

 
pr

im
ar

y 
m

ol
ar

s)

80
 p

at
ie

nt
s

Ag
e:

 5
-8

 y
rs

Fr
an

kl
 3

 y
 4

AS
A 

I

W
an

d 
(C

C
D

S)

G
ro

up
 I:

 T
he

 p
ul

po
to

m
y 

gr
ou

p
40

 te
et

h 
(4

 g
ro

up
s)

G
ro

up
 IB

: 1
0 

m
ax

illa
rie

s 
1s

t m
ol

ar
s

G
ro

up
 ID

: 1
0 

m
ax

illa
rie

s 
2n

d 
m

ol
ar

s
G

ro
up

 II
B:

 1
0 

m
ax

illa
rie

s 
1s

t m
ol

ar
s

G
ro

up
 II

D
: 1

0 
m

ax
illa

rie
s 

2n
d 

m
ol

ar
s

To
pi

ca
l a

ne
st

he
tic

 fo
r 1

 m
in

Lo
ca

l a
ne

st
he

tic
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

 
10

0,
00

0
N

ee
dl

e 
30

G
, u

ltr
a-

sh
or

t S
lo

w
 ra

te
 

(0
.5

m
L/

m
in

)
1.

0 
m

L

40
AM

SA
 a

nd
 P

-A
SA

Pa
in

 re
ac

tio
n 

an
d 

be
ha

vi
or

:
SE

M
, t

he
 re

ac
tio

ns
 a

re
 c

la
ss

ifi
ed

 o
n 

a 
sc

al
e 

fro
m

 1
-4

 c
at

eg
or

ie
s:

 1
) C

om
fo

rt,
 2

) M
ild

 
di

sc
om

fo
rt,

 3
) M

od
er

at
el

y 
pa

in
fu

l, 
an

d 
4)

 
Pa

in
fu

l f
or

 e
ac

h 
of

 th
e 

S,
 E

, a
nd

 M
 c

od
es

, 
du

rin
g 

pl
ac

em
en

t o
f t

he
 c

la
m

p 
dr

illi
ng

 th
e 

to
ot

h,
 e

nt
er

in
g 

th
e 

pu
lp

, p
ul

p 
ex

tir
pa

tio
n,

 a
nd

 
ru

bb
er

 d
am

 re
m

ov
al

An
es

th
et

ic
 e

ffe
ct

iv
en

es
s:

Ev
al

ua
te

d 
th

e 
ef

fe
ct

iv
en

es
s 

of
 th

e 
di

ffe
re

nt
 

in
je

ct
io

n 
te

ch
ni

qu
es

: S
EM

C
on

ve
nt

io
na

l 
sy

rin
ge

G
ro

up
 II

: T
he

 E
xt

ra
ct

io
n 

gr
ou

p 
40

 
to

ot
h 

(4
 g

ro
up

s)
G

ro
up

 IA
: 1

0 
m

ax
illa

rie
s 

1s
t m

ol
ar

s
G

ro
up

 IC
: 1

0 
m

ax
illa

rie
s 

2n
d 

m
ol

ar
s

G
ro

up
 II

A:
 1

0 
m

ax
illa

rie
s 

1s
t m

ol
ar

s
G

ro
up

 II
C

: 1
0 

m
ax

illa
rie

s 
2n

d 
m

ol
ar

s
To

pi
ca

l a
ne

st
he

tic
 fo

r 1
 m

in
Lo

ca
l a

ne
st

he
tic

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
 

10
0,

00
0

N
ee

dl
e 

30
G

, u
ltr

a-
sh

or
t S

lo
w

 ra
te

 
(0

.5
m

L/
m

in
)

Bu
cc

al
 in

filt
ra

tio
n:

 0
.8

 m
L

Th
e 

ra
te

 o
f s

ol
ut

io
n 

de
po

sit
io

n 
w

as
 

1 
m

L/
m

in
Pa

la
ta

l: 
0.

2 
m

L

40
Bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020 doi 10.17796/1053-4625-44.6    383

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

R
am

, 2
00

632
Pa

ra
lle

l
Ex

tra
ct

io
ns

, 
pu

lp
ot

om
y,

 
pu

lp
ec

to
m

y,
 

st
rip

 c
ro

w
ns

13
8 

pa
tie

nt
s

Ag
e:

 2
4-

48
 m

on
th

s
AS

A 
I

W
an

d 
(C

C
D

S)

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
 

10
0,

00
0

N
ee

dl
e 

30
G

, u
ltr

a-
sh

or
t

G
ro

up
 A

 P
D

L 
in

je
ct

io
n

Sl
ow

 ra
te

0.
6 

m
L

G
ro

up
 B

: P
-A

SA
 in

je
ct

io
n

Sl
ow

 ra
te

1 
m

L

45 40

PD
L

P-
AS

A

Pa
in

 b
eh

av
io

r:
M

BP
S 

su
gg

es
te

d 
by

 T
ad

di
o:

1)
 F

ac
ia

l d
is

pl
ay

, 2
) A

rm
/le

g 
m

ov
em

en
ts

, 3
) 

To
rs

o 
m

ov
em

en
ts

 a
nd

 4
) C

ry
in

g,
 re

gi
st

er
ed

 
by

 a
 tr

ai
ne

d 
de

nt
al

 a
ss

is
ta

nt
 d

ur
in

g 
th

e 
in

je
ct

io
n

C
on

ve
nt

io
na

l 
sy

rin
ge

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
 

10
0,

00
0

Ne
ed

le
 3

0G
, u

ltr
a-

sh
or

t
Th

e 
in

je
ct

io
n 

ra
te

 w
as

 s
lo

w:
 1

 m
L/

m
in

Th
e 

am
ou

nt
 o

f lo
ca

l a
ne

st
he

tic
 

so
lu

tio
n 

0.
9 

m
L

44
Pa

la
ta

l s
up

ra
pe

-
rio

st
ea

l, 
bu

cc
al

 
in

fil
tra

tio
n

Al
 A

lm
ou

di
, 

20
08

15
Pa

ra
lle

l

Pu
lp

ot
om

y 
or

 
ex

tra
ct

io
ns

(m
ax

illa
ry

 
pr

im
ar

y 
m

ol
ar

s)

80
 p

at
ie

nt
s

Ag
e:

 5
-8

 y
rs

Fr
an

kl
 3

 y
 4

AS
A 

I

W
an

d 
(C

C
D

S)

G
ro

up
 I:

 T
he

 p
ul

po
to

m
y 

gr
ou

p
40

 te
et

h 
(4

 g
ro

up
s)

G
ro

up
 IB

: 1
0 

m
ax

illa
rie

s 
1s

t m
ol

ar
s

G
ro

up
 ID

: 1
0 

m
ax

illa
rie

s 
2n

d 
m

ol
ar

s
G

ro
up

 II
B:

 1
0 

m
ax

illa
rie

s 
1s

t m
ol

ar
s

G
ro

up
 II

D
: 1

0 
m

ax
illa

rie
s 

2n
d 

m
ol

ar
s

To
pi

ca
l a

ne
st

he
tic

 fo
r 1

 m
in

Lo
ca

l a
ne

st
he

tic
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

 
10

0,
00

0
N

ee
dl

e 
30

G
, u

ltr
a-

sh
or

t S
lo

w
 ra

te
 

(0
.5

m
L/

m
in

)
1.

0 
m

L

40
AM

SA
 a

nd
 P

-A
SA

Pa
in

 re
ac

tio
n 

an
d 

be
ha

vi
or

:
SE

M
, t

he
 re

ac
tio

ns
 a

re
 c

la
ss

ifi
ed

 o
n 

a 
sc

al
e 

fro
m

 1
-4

 c
at

eg
or

ie
s:

 1
) C

om
fo

rt,
 2

) M
ild

 
di

sc
om

fo
rt,

 3
) M

od
er

at
el

y 
pa

in
fu

l, 
an

d 
4)

 
Pa

in
fu

l f
or

 e
ac

h 
of

 th
e 

S,
 E

, a
nd

 M
 c

od
es

, 
du

rin
g 

pl
ac

em
en

t o
f t

he
 c

la
m

p 
dr

illi
ng

 th
e 

to
ot

h,
 e

nt
er

in
g 

th
e 

pu
lp

, p
ul

p 
ex

tir
pa

tio
n,

 a
nd

 
ru

bb
er

 d
am

 re
m

ov
al

An
es

th
et

ic
 e

ffe
ct

iv
en

es
s:

Ev
al

ua
te

d 
th

e 
ef

fe
ct

iv
en

es
s 

of
 th

e 
di

ffe
re

nt
 

in
je

ct
io

n 
te

ch
ni

qu
es

: S
EM

C
on

ve
nt

io
na

l 
sy

rin
ge

G
ro

up
 II

: T
he

 E
xt

ra
ct

io
n 

gr
ou

p 
40

 
to

ot
h 

(4
 g

ro
up

s)
G

ro
up

 IA
: 1

0 
m

ax
illa

rie
s 

1s
t m

ol
ar

s
G

ro
up

 IC
: 1

0 
m

ax
illa

rie
s 

2n
d 

m
ol

ar
s

G
ro

up
 II

A:
 1

0 
m

ax
illa

rie
s 

1s
t m

ol
ar

s
G

ro
up

 II
C

: 1
0 

m
ax

illa
rie

s 
2n

d 
m

ol
ar

s
To

pi
ca

l a
ne

st
he

tic
 fo

r 1
 m

in
Lo

ca
l a

ne
st

he
tic

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
 

10
0,

00
0

N
ee

dl
e 

30
G

, u
ltr

a-
sh

or
t S

lo
w

 ra
te

 
(0

.5
m

L/
m

in
)

Bu
cc

al
 in

filt
ra

tio
n:

 0
.8

 m
L

Th
e 

ra
te

 o
f s

ol
ut

io
n 

de
po

sit
io

n 
w

as
 

1 
m

L/
m

in
Pa

la
ta

l: 
0.

2 
m

L

40
Bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

Ku
sk

u,
 2

00
824

Sp
lit

-
m

ou
th

Tw
o 

ca
rio

us
 

te
et

h,
 o

ne
 o

n 
ea

ch
 s

id
e 

of
 th

e 
m

ax
illa

41
 p

at
ie

nt
s

Ag
e:

 9
-1

3 
yr

s
AS

A 
I

An
xi

ou
s 

ch
ild

re
n

N
on

-a
nx

io
us

 
ch

ild
re

n 
C

FS
S-

D
S

N
ot

 a
nx

io
us

W
an

d 
(C

C
D

S)

To
pi

ca
l a

na
es

th
es

ia
 s

pr
ay

 
(li

do
ca

in
e,

 1
0 

m
g/

do
se

)
Ar

tic
ai

ne
 4

%
, 1

:1
00

,0
00

 
ep

in
ep

hr
in

e
N

ee
dl

e 
30

G
1.

5 
m

L 
an

es
th

et
ic

 s
ol

ut
io

n
Sl

ow
 ra

te
 m

od
e 

an
d 

fa
st

 in
je

ct
io

n 
m

od
e

22 2ª
 se
ss

io
n

20 3ª
 

se
ss

io
n

Bu
cc

al
 in

fil
tra

tio
n

Pa
in

 p
er

ce
pt

io
n:

VA
S,

 im
m

ed
ia

te
ly

 a
fte

r t
he

 tr
ea

tm
en

t

D
en

ta
l a

nx
ie

ty
:

C
FS

S-
D

S,
 F

IS
, a

nd
 S

SA
I-C

H
R

:
Pu

ls
e 

ox
im

et
er

An
xi

ou
s

C
on

ve
nt

io
na

l 
sy

rin
ge

Se
t i

nj
ec

t t
ra

di
tio

na
l p

la
st

ic
 in

je
ct

or
To

pi
ca

l a
ne

st
he

si
a 

sp
ra

y 
(li

do
-

ca
in

e,
 1

0 
m

g/
do

se
)

Ar
tic

ai
ne

 4
%

, 1
: 1

00
,0

00
 

ep
in

ep
hr

in
e

N
ee

dl
e 

30
G

 a
nd

 1
2 

m
m

1.
5 

m
L 

an
es

th
et

ic
 s

ol
ut

io
n

In
je

ct
ed

 v
er

y 
sl

ow
ly

19 2ª
 se
ss

io
n

21 3ª
 

se
ss

io
n

Bu
cc

al
 in

fil
tra

tio
n

Ve
rs

lo
ot

, 
20

08
36

Pa
ra

lle
l

D
en

ta
l 

tre
at

m
en

ts
14

7 
pa

tie
nt

s
Ag

e:
 4

-1
1 

yr
s

W
an

d 
(C

C
D

S)
To

pi
ca

l a
ne

st
he

tic
 b

en
zo

ca
in

e
Th

e 
lo

ca
l a

ne
st

he
tic

 u
se

d 
w

as
 n

ot
 

re
po

rte
d

71

AM
SA

P-
AS

A

PD
L 

fo
r m

ax
illa

ry
 

te
et

h 
or

 th
e 

m
an

di
bl

e

Pa
in

 p
er

ce
pt

io
n:

VR
S 

(a
 m

od
ifi

ed
 v

er
si

on
 o

f t
he

 v
is

ua
l r

at
in

g 
sc

al
e)

, a
fte

r t
he

 in
je

ct
io

n

Pa
in

-re
la

te
d 

be
ha

vi
or

:
Bo

dy
 m

ov
em

en
t, 

M
us

cl
e 

te
ns

io
n,

 C
ry

in
g 

or
 

sc
re

am
in

g,
 V

er
ba

l p
ro

te
st

, B
od

ily
 re

si
st

an
ce

, 
fo

r 1
5-

se
c 

in
te

rv
al

s 
of

 th
e 

en
tir

e 
in

je
ct

io
n 

pe
rio

d

D
is

tre
ss

:
Ve

nh
am

’s
 (m

od
ifi

ed
), 

15
-s

ec
 in

te
rv

al
 o

f t
he

 
en

tir
e 

in
je

ct
io

n 
pe

rio
d

D
en

ta
l a

nx
ie

ty
:

C
FS

S-
D

S,
 b

y 
th

e 
pa

re
nt

, w
hi

le
 th

e 
ch

ild
 w

as
 

tre
at

ed

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

 b
en

zo
ca

in
e

Th
e 

lo
ca

l a
ne

st
he

tic
 u

se
d 

w
as

 n
ot

 
re

po
rte

d
76

M
ax

illa
ry

 te
et

h,
 

bu
cc

al
 o

r p
al

at
al

IA
N

B

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

384 doi 10.17796/1053-4625-44.6.1 The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

Ko
yu

tu
rk

, 
20

09
23

Pa
ra

lle
l

O
pe

ra
tiv

e 
de

nt
is

try

10
4 

pa
tie

nt
s

Ag
e:

 6
-1

2 
yr

s
AS

A 
I

W
an

d 
(C

C
D

S)

Fi
rs

t d
en

tis
t

Se
co

nd
 d

en
tis

t

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 (1

0%
 

lid
oc

ai
ne

)
Th

e 
lo

ca
l a

ne
st

he
tic

 u
se

d 
w

as
 n

ot
 

re
po

rte
d

Sh
or

t n
ee

dl
e

Sl
ow

 ra
te

: (
10

0 
se

c)

49 55

In
fil

tra
tiv

e 
an

es
th

es
ia

 in
 th

e 
m

an
di

bl
e 

an
d 

m
ax

illa

Pa
in

 B
eh

av
io

r:
M

BP
S 

su
gg

es
te

d 
by

 T
ad

di
o:

1)
 C

ry
in

g;
 2

) F
ac

ia
l d

is
pl

ay
; 3

) H
an

d 
m

ov
e-

m
en

t; 
4)

 T
or

so
 m

ov
em

en
t; 

5)
 L

eg
 m

ov
em

en
t, 

du
rin

g 
th

e 
in

je
ct

io
n

C
on

ve
nt

io
na

l 
sy

rin
ge

Fi
rs

t d
en

tis
t

Se
co

nd
 d

en
tis

t

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 (1

0%
 

lid
oc

ai
ne

).
Sh

or
t n

ee
dl

e
Th

e 
lo

ca
l a

ne
st

he
tic

 u
se

d 
w

as
 n

ot
 

re
po

rte
d

In
je

ct
ed

 th
e 

an
es

th
et

ic
 s

ol
ut

io
n 

sl
ow

ly
 (5

0 
se

c)

49 55

In
fil

tra
tiv

e 
an

es
th

es
ia

 in
 th

e 
m

an
di

bl
e 

an
d 

m
ax

illa

Ta
hm

as
se

bi
, 

20
09

34
Pa

ra
lle

l
R

es
to

ra
tio

n 
on

 
ei

th
er

 s
id

e 
of

 
th

e 
m

ax
illa

38
 p

at
ie

nt
s

Ag
e:

 3
- 1

0 
yr

s
AS

A 
I

N
o 

pr
ev

io
us

 d
en

ta
l 

ex
pe

rie
nc

e

W
an

d 
(C

C
D

S)

To
pi

ca
l b

en
zo

ca
in

e 
ge

l 2
0%

 fo
r 

2 
m

in
Li

do
ca

in
e 

2%
, a

dr
en

al
in

e 
1:

80
,0

00

20
Bu

cc
al

 in
fil

tra
tio

n 
an

d 
di

re
ct

 p
al

at
al

 
in

je
ct

io
n

Pa
in

 p
er

ce
pt

io
n:

M
od

ifi
ed

 V
AS

 s
ca

le
, a

fte
r t

he
 in

je
ct

io
n

An
xi

et
y:

Ve
nh

am
 s

ca
le

, b
ef

or
e 

an
d 

af
te

r t
he

 d
en

ta
l 

in
je

ct
io

n
C

on
ve

nt
io

na
l 

sy
rin

ge

To
pi

ca
l b

en
zo

ca
in

e 
ge

l 2
0%

 fo
r 

2 
m

in
2%

 w
ith

 a
dr

en
al

in
e 

1:
80

,0
00

18

Bu
cc

al
 a

nd
 

in
tra

-p
ap

illa
ry

 
in

fil
tra

tio
n 

fo
llo

w
ed

 
by

 p
al

at
al

 in
je

ct
io

n

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020 doi 10.17796/1053-4625-44.6    385

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

Ko
yu

tu
rk

, 
20

09
23

Pa
ra

lle
l

O
pe

ra
tiv

e 
de

nt
is

try

10
4 

pa
tie

nt
s

Ag
e:

 6
-1

2 
yr

s
AS

A 
I

W
an

d 
(C

C
D

S)

Fi
rs

t d
en

tis
t

Se
co

nd
 d

en
tis

t

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 (1

0%
 

lid
oc

ai
ne

)
Th

e 
lo

ca
l a

ne
st

he
tic

 u
se

d 
w

as
 n

ot
 

re
po

rte
d

Sh
or

t n
ee

dl
e

Sl
ow

 ra
te

: (
10

0 
se

c)

49 55

In
fil

tra
tiv

e 
an

es
th

es
ia

 in
 th

e 
m

an
di

bl
e 

an
d 

m
ax

illa

Pa
in

 B
eh

av
io

r:
M

BP
S 

su
gg

es
te

d 
by

 T
ad

di
o:

1)
 C

ry
in

g;
 2

) F
ac

ia
l d

is
pl

ay
; 3

) H
an

d 
m

ov
e-

m
en

t; 
4)

 T
or

so
 m

ov
em

en
t; 

5)
 L

eg
 m

ov
em

en
t, 

du
rin

g 
th

e 
in

je
ct

io
n

C
on

ve
nt

io
na

l 
sy

rin
ge

Fi
rs

t d
en

tis
t

Se
co

nd
 d

en
tis

t

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 (1

0%
 

lid
oc

ai
ne

).
Sh

or
t n

ee
dl

e
Th

e 
lo

ca
l a

ne
st

he
tic

 u
se

d 
w

as
 n

ot
 

re
po

rte
d

In
je

ct
ed

 th
e 

an
es

th
et

ic
 s

ol
ut

io
n 

sl
ow

ly
 (5

0 
se

c)

49 55

In
fil

tra
tiv

e 
an

es
th

es
ia

 in
 th

e 
m

an
di

bl
e 

an
d 

m
ax

illa

Ta
hm

as
se

bi
, 

20
09

34
Pa

ra
lle

l
R

es
to

ra
tio

n 
on

 
ei

th
er

 s
id

e 
of

 
th

e 
m

ax
illa

38
 p

at
ie

nt
s

Ag
e:

 3
- 1

0 
yr

s
AS

A 
I

N
o 

pr
ev

io
us

 d
en

ta
l 

ex
pe

rie
nc

e

W
an

d 
(C

C
D

S)

To
pi

ca
l b

en
zo

ca
in

e 
ge

l 2
0%

 fo
r 

2 
m

in
Li

do
ca

in
e 

2%
, a

dr
en

al
in

e 
1:

80
,0

00

20
Bu

cc
al

 in
fil

tra
tio

n 
an

d 
di

re
ct

 p
al

at
al

 
in

je
ct

io
n

Pa
in

 p
er

ce
pt

io
n:

M
od

ifi
ed

 V
AS

 s
ca

le
, a

fte
r t

he
 in

je
ct

io
n

An
xi

et
y:

Ve
nh

am
 s

ca
le

, b
ef

or
e 

an
d 

af
te

r t
he

 d
en

ta
l 

in
je

ct
io

n
C

on
ve

nt
io

na
l 

sy
rin

ge

To
pi

ca
l b

en
zo

ca
in

e 
ge

l 2
0%

 fo
r 

2 
m

in
2%

 w
ith

 a
dr

en
al

in
e 

1:
80

,0
00

18

Bu
cc

al
 a

nd
 

in
tra

-p
ap

illa
ry

 
in

fil
tra

tio
n 

fo
llo

w
ed

 
by

 p
al

at
al

 in
je

ct
io

n

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

Fe
da

, 2
01

09
Sp

lit
-

m
ou

th
D

en
ta

l 
tre

at
m

en
ts

40
 p

at
ie

nt
s

Ag
e:

 7
-1

0 
ye

ar
s

AS
A 

I
Fr

an
kl

: 3
 a

nd
 4

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

: b
en

zo
ca

in
e 

20
%

 fo
r 1

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0.
00

0
Sh

or
t N

ee
dl

e 
30

G
Sl

ow
 m

od
e:

 (0
.5

 m
L/

m
in

Vo
lu

m
e:

 1
.0

 m
L

40
AM

SA

Pa
in

 p
er

ce
pt

io
n:

EC
S,

 a
fte

r e
ac

h 
in

je
ct

io
n

Pa
in

 b
eh

av
io

r:
SE

M
, d

ur
in

g 
th

e 
in

je
ct

io
n,

 in
te

rv
al

s 
15

 s
ec

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

: b
en

zo
ca

in
e 

20
%

 fo
r 1

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0
Sh

or
t N

ee
dl

e 
30

G
Bu

cc
al

: 0
.8

 m
L

Pa
la

ta
l: 

0.
2 

m
L

Sp
ee

d:
 1

m
L/

m
in

40
Bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

La
ng

th
as

a,
 

20
12

25
Sp

lit
-

m
ou

th
Va

rio
us

 d
en

ta
l 

pr
oc

ed
ur

es

50
 p

at
ie

nt
s

Ag
e:

 6
-1

4 
ye

ar
s

AS
A 

I
C

oo
pe

ra
tiv

e 
ch

ild
re

n

C
om

fo
rt 

co
nt

ro
l s

yr
in

ge
 

(C
C

D
S)

2%
 L

id
oc

ai
ne

 1
:8

0,
00

0 
ad

re
na

lin
e

N
ee

dl
e 

of
 3

0G
50

In
fil

tra
tio

n

Pa
in

 p
er

ce
pt

io
n:

VA
S 

an
d 

FR
S,

 a
fte

r t
he

 in
je

ct
io

n

H
R

:
Pu

ls
e 

ox
im

et
er

 b
ef

or
e,

 d
ur

in
g,

 a
nd

 a
fte

r t
he

 
pr

oc
ed

ur
e

Te
m

pe
ra

tu
re

:
D

ig
ita

l t
he

rm
om

et
er

, b
ef

or
e,

 d
ur

in
g,

 a
nd

 a
fte

r 
th

e 
pr

oc
ed

ur
e

Te
m

pe
ra

tu
re

: b
ef

or
e 

an
d 

af
te

r t
he

 p
ro

ce
du

re

C
on

ve
nt

io
na

l 
sy

rin
ge

2%
 L

id
oc

ai
ne

 w
ith

 1
:8

0,
00

0 
ad

re
na

lin
e

N
ee

dl
e 

of
 3

0G
50

In
fil

tra
tio

n

Ka
nd

ia
h,

 
20

12
22

Pa
ra

lle
l

O
pe

ra
tiv

e 
de

nt
is

try

30
 p

at
ie

nt
s

Ag
e:

 8
-1

6 
ye

ar
s

AS
A 

I

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

: b
en

zo
ca

in
e 

20
%

 fo
r 2

 m
in

Li
do

ca
in

e 
2%

, a
dr

en
al

in
e 

1:
80

,0
00

1.
8 

m
L

15
Bu

cc
al

 in
fil

tra
tio

n

Pa
in

 p
er

ce
pt

io
n:

M
od

ifi
ed

 V
AS

, a
fte

r t
he

 in
je

ct
io

n

Ti
m

e 
fo

r a
dm

in
is

tra
tio

n:
C

hr
on

om
et

er

An
ae

st
he

tic
 o

ns
et

:
Tw

o 
co

ns
ec

ut
iv

e 
re

ad
in

gs
 b

y 
th

e 
El

ec
tri

c 
pu

lp
 

te
st

er
 o

f 8
0

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

 b
en

zo
ca

in
e 

20
%

 fo
r 2

 m
in

Li
do

ca
in

e 
2%

, a
dr

en
al

in
e 

1:
80

,0
00

1.
8 

m
L

15
Bu

cc
al

 in
fil

tra
tio

n

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

386 doi 10.17796/1053-4625-44.6.1 The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

G
oy

al
, 2

01
421

Sp
lit

-
m

ou
th

Ex
tra

ct
io

n

15
 p

at
ie

nt
s

Ag
e:

 8
-1

0 
ye

ar
s

AS
A 

I
N

o 
pr

ev
io

us
 d

en
ta

l 
tre

at
m

en
t

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

, 2
%

 li
do

ca
in

e,
 

fo
r 6

0 
se

c
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

80
,0

00
Bu

cc
al

 in
fil

tra
tio

n:
 0

.9
 m

L
Pa

la
ta

l o
r l

in
gu

al
 in

fil
tra

tio
n:

 0
.4

 
m

L
N

ee
dl

e 
27

G
Sl

ow
 s

pe
ed

15
Bu

cc
al

 in
fil

tra
tio

n 
fo

llo
w

ed
 b

y 
lin

gu
al

 
or

 p
al

at
al

 in
fil

tra
tio

n
Pa

in
 p

er
ce

pt
io

n:
W

BF
PS

, a
fte

r t
he

 in
je

ct
io

n

Pa
in

 b
eh

av
io

r:
FB

R
S,

 d
ur

in
g 

an
d 

af
te

r t
he

 p
ro

ce
du

re

An
xi

et
y:

M
C

D
AS

 a
nd

 H
R

, p
re

-o
pe

ra
tiv

e 
ph

as
e,

 d
ur

in
g 

an
d 

af
te

r t
he

 p
ro

ce
du

re
C

on
ve

nt
io

na
l 

sy
rin

ge

To
pi

ca
l a

ne
st

he
tic

, 2
%

 li
do

ca
in

e,
 

fo
r 6

0 
se

c.
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

80
,0

00
Bu

cc
al

 in
fil

tra
tio

n:
 0

.9
 m

L
Pa

la
ta

l o
r l

in
gu

al
 in

fil
tra

tio
n:

 0
.4

 
m

L
N

ee
dl

e 
27

G

15
Bu

cc
al

 in
fil

tra
tio

n 
fo

llo
w

ed
 b

y 
lin

gu
al

 
or

 p
al

at
al

 in
fil

tra
tio

n

Jä
le

vi
k,

 2
01

43
Sp

lit
 

m
ou

th

Ex
tra

ct
io

ns
 a

nd
 

ex
po

su
re

s 
of

 
im

pa
ct

ed
 te

et
h 

(c
an

in
es

)

28
 p

at
ie

nt
s

Ag
e:

 1
2-

18
 y

rs
N

ot
 fe

ar
fu

l: 
24

Fe
ar

fu
l: 

4
H

ad
 n

o 
or

 v
er

y 
lim

ite
d 

ex
pe

ri-
en

ce
s 

of
 d

en
ta

l 
in

je
ct

io
ns

 a
nd

 o
ra

l 
su

rg
er

y.

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

 (5
%

 li
do

ca
in

e 
oi

nt
m

en
t) 

fo
r 2

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
80

,0
00

N
ee

dl
e 

30
G

Vo
lu

m
e 

of
 th

e 
in

je
ct

ed
 a

na
lg

es
ic

 
so

lu
tio

n:
 2

.4
 c

c
7 

pa
tie

nt
s 

re
qu

ire
d 

ad
di

tio
na

l 
an

es
th

es
ia

 d
ur

in
g 

th
e 

su
tu

rin
g

28
P-

AM
SA

AM
SA

Pa
in

 p
er

ce
pt

io
n:

VA
S,

 im
m

ed
ia

te
ly

 a
fte

r e
ac

h 
of

 th
e 

in
je

ct
io

ns
 

an
d 

af
te

r t
he

 s
ur

gi
ca

l p
ro

ce
du

re
s 

w
er

e 
fin

is
he

d

D
en

ta
l f

ea
r a

nd
 a

nx
ie

ty
:

C
FS

S-
D

S,
 b

ef
or

e 
th

e 
pr

oc
ed

ur
e

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

 (5
%

 li
do

ca
in

e 
oi

nt
m

en
t) 

fo
r 2

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
80

,0
00

N
ee

dl
e 

30
G

In
je

ct
io

n 
sp

ee
d 

di
d 

no
t e

xc
ee

d 
1.

8 
cc

 p
er

 2
 m

in
Vo

lu
m

e 
of

 th
e 

in
je

ct
ed

 a
na

lg
es

ic
 

so
lu

tio
n:

 3
.6

28
Bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020 doi 10.17796/1053-4625-44.6    387

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

G
oy

al
, 2

01
421

Sp
lit

-
m

ou
th

Ex
tra

ct
io

n

15
 p

at
ie

nt
s

Ag
e:

 8
-1

0 
ye

ar
s

AS
A 

I
N

o 
pr

ev
io

us
 d

en
ta

l 
tre

at
m

en
t

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

, 2
%

 li
do

ca
in

e,
 

fo
r 6

0 
se

c
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

80
,0

00
Bu

cc
al

 in
fil

tra
tio

n:
 0

.9
 m

L
Pa

la
ta

l o
r l

in
gu

al
 in

fil
tra

tio
n:

 0
.4

 
m

L
N

ee
dl

e 
27

G
Sl

ow
 s

pe
ed

15
Bu

cc
al

 in
fil

tra
tio

n 
fo

llo
w

ed
 b

y 
lin

gu
al

 
or

 p
al

at
al

 in
fil

tra
tio

n
Pa

in
 p

er
ce

pt
io

n:
W

BF
PS

, a
fte

r t
he

 in
je

ct
io

n

Pa
in

 b
eh

av
io

r:
FB

R
S,

 d
ur

in
g 

an
d 

af
te

r t
he

 p
ro

ce
du

re

An
xi

et
y:

M
C

D
AS

 a
nd

 H
R

, p
re

-o
pe

ra
tiv

e 
ph

as
e,

 d
ur

in
g 

an
d 

af
te

r t
he

 p
ro

ce
du

re
C

on
ve

nt
io

na
l 

sy
rin

ge

To
pi

ca
l a

ne
st

he
tic

, 2
%

 li
do

ca
in

e,
 

fo
r 6

0 
se

c.
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

80
,0

00
Bu

cc
al

 in
fil

tra
tio

n:
 0

.9
 m

L
Pa

la
ta

l o
r l

in
gu

al
 in

fil
tra

tio
n:

 0
.4

 
m

L
N

ee
dl

e 
27

G

15
Bu

cc
al

 in
fil

tra
tio

n 
fo

llo
w

ed
 b

y 
lin

gu
al

 
or

 p
al

at
al

 in
fil

tra
tio

n

Jä
le

vi
k,

 2
01

43
Sp

lit
 

m
ou

th

Ex
tra

ct
io

ns
 a

nd
 

ex
po

su
re

s 
of

 
im

pa
ct

ed
 te

et
h 

(c
an

in
es

)

28
 p

at
ie

nt
s

Ag
e:

 1
2-

18
 y

rs
N

ot
 fe

ar
fu

l: 
24

Fe
ar

fu
l: 

4
H

ad
 n

o 
or

 v
er

y 
lim

ite
d 

ex
pe

ri-
en

ce
s 

of
 d

en
ta

l 
in

je
ct

io
ns

 a
nd

 o
ra

l 
su

rg
er

y.

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

 (5
%

 li
do

ca
in

e 
oi

nt
m

en
t) 

fo
r 2

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
80

,0
00

N
ee

dl
e 

30
G

Vo
lu

m
e 

of
 th

e 
in

je
ct

ed
 a

na
lg

es
ic

 
so

lu
tio

n:
 2

.4
 c

c
7 

pa
tie

nt
s 

re
qu

ire
d 

ad
di

tio
na

l 
an

es
th

es
ia

 d
ur

in
g 

th
e 

su
tu

rin
g

28
P-

AM
SA

AM
SA

Pa
in

 p
er

ce
pt

io
n:

VA
S,

 im
m

ed
ia

te
ly

 a
fte

r e
ac

h 
of

 th
e 

in
je

ct
io

ns
 

an
d 

af
te

r t
he

 s
ur

gi
ca

l p
ro

ce
du

re
s 

w
er

e 
fin

is
he

d

D
en

ta
l f

ea
r a

nd
 a

nx
ie

ty
:

C
FS

S-
D

S,
 b

ef
or

e 
th

e 
pr

oc
ed

ur
e

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

 (5
%

 li
do

ca
in

e 
oi

nt
m

en
t) 

fo
r 2

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
80

,0
00

N
ee

dl
e 

30
G

In
je

ct
io

n 
sp

ee
d 

di
d 

no
t e

xc
ee

d 
1.

8 
cc

 p
er

 2
 m

in
Vo

lu
m

e 
of

 th
e 

in
je

ct
ed

 a
na

lg
es

ic
 

so
lu

tio
n:

 3
.6

28
Bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

Ba
gh

la
f, 

20
15

18
Pa

ra
lle

l
M

ol
ar

 p
ul

po
to

m
y

91
 p

at
ie

nt
s

Ag
e:

 5
-9

 y
ea

rs
Fr

an
kl

: 3
 a

nd
 4

W
an

d 
(C

C
D

S)
 

ST
A

To
pi

ca
l a

ne
st

he
si

a 
w

as
 

be
nz

oc
ai

ne
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

 s
ho

rt 
ne

ed
le

Tu
rb

o 
m

od
e

30
IA

N
B

Pa
in

 p
er

ce
pt

io
n:

W
BF

PS
, d

ur
in

g 
an

d 
af

te
r c

om
pl

et
io

n 
of

 th
e 

in
je

ct
io

n

Pa
in

 b
eh

av
io

r:
Bo

dy
 m

ov
em

en
ts

, c
ry

in
g,

 re
st

ra
in

t, 
an

d 
st

op
pa

ge
 o

f t
re

at
m

en
t, 

du
rin

g 
th

e 
in

se
rti

on
 

of
 th

e 
an

es
th

es
ia

 a
nd

 re
co

rd
ed

 e
ve

ry
 1

5-
se

c 
in

te
rv

al
s

W
an

d 
(C

C
D

S)
 

ST
A

To
pi

ca
l a

ne
st

he
si

a 
w

as
 

be
nz

oc
ai

ne
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

 s
ho

rt 
ne

ed
le

M
od

e:
  L

ow
 ra

te
1.

2 
m

L 
de

 li
do

ca
in

e 
(0

.6
 m

L 
m

es
io

lin
gu

al
ly

 a
nd

 0
.6

 m
L 

di
st

ol
in

gu
al

ly
)

30
PD

L

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
si

a 
w

as
 

be
nz

oc
ai

ne
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e 

27
G

St
an

da
rd

 te
ch

ni
qu

e
1.

8 
m

L

31
IA

N
B

Yo
ge

sh
-K

um
ar

, 
20

15
37

Sp
lit

-
m

ou
th

O
pe

ra
tiv

e 
de

nt
is

try

12
0 

pa
tie

nt
s

Ag
e:

 7
-1

1 
ye

ar
s

AS
A 

I
N

o 
hi

st
or

y 
of

 
de

nt
al

 tr
ea

tm
en

t

W
an

d 
(C

C
D

S)
 

ST
A

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0
N

ee
dl

e 
30

G
M

od
o 

ST
A:

 (1
 c

c 
pe

r 2
07

 s
ec

)

Vi
si

t 1
: 

60 Vi
si

t 2
: 

55

M
ax

illa
ry

 o
r 

m
an

di
bu

la
r b

lo
ck

Pa
in

 p
er

ce
pt

io
n:

FI
S,

 a
fte

r t
he

 in
je

ct
io

n 
pr

oc
ed

ur
e

H
R

:
Pu

ls
e 

ox
im

et
er

, 1
0 

m
in

 b
ef

or
e 

an
d 

du
rin

g 
th

e 
pr

oc
ed

ur
e

D
is

ru
pt

iv
e 

be
ha

vi
or

:
FL

AC
C

, d
ur

in
g 

th
e 

in
je

ct
io

n
C

on
ve

nt
io

na
l 

sy
rin

ge

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0
N

ee
dl

e 
30

G
1m

L/
m

in

Vi
si

t 1
: 

60 Vi
si

t 2
: 

55

M
ax

illa
ry

 o
r 

m
an

di
bu

la
r b

lo
ck

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

388 doi 10.17796/1053-4625-44.6.1 The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

M
itt

al
, 2

01
56

Pa
ra

lle
l

Ex
tra

ct
io

ns

10
0 

pa
tie

nt
s

Ag
e:

 8
-1

3 
yr

s
AS

A 
I

Fr
an

kl
: 3

 a
nd

 4

W
an

d 
(C

C
D

S)
 

ST
A

To
pi

ca
l a

ne
st

he
tic

 fo
r 1

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
80

,0
00

N
ee

dl
e 

30
G

0.
72

 m
L 

bu
cc

al
 in

fil
tra

tio
n

0.
36

 m
L 

pa
la

ta
l i

nf
ilt

ra
tio

n
Sl

ow
 s

pe
ed

 m
od

e

50
Bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

Pa
in

 p
er

ce
pt

io
n:

VA
S,

 a
fte

r t
he

 in
je

ct
io

n.
 S

EM
, d

ur
in

g 
th

e 
in

je
ct

io
n

H
R

:
Pu

ls
e 

ox
im

et
er

, b
ef

or
e 

an
d 

du
rin

g 
bu

cc
al

 a
nd

 
pa

la
ta

l l
oc

al
 a

ne
st

he
si

a
C

on
ve

nt
io

na
l 

sy
rin

ge

To
pi

ca
l a

ne
st

he
tic

 fo
r 1

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
80

,0
00

N
ee

dl
e 

30
G

0.
72

 m
L 

bu
cc

al
 in

fil
tra

tio
n

0.
36

 m
L 

pa
la

ta
l i

nf
ilt

ra
tio

n
St

an
da

rd
 te

ch
ni

qu
e

50
Bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

Q
ue

iro
z,

 2
01

530
Sp

lit
-

m
ou

th
O

pe
ra

tiv
e 

de
nt

is
try

20
 p

at
ie

nt
s

Ag
e:

 7
-1

2 
yr

s
AS

A 
I

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

: B
en

zo
ca

in
e 

fo
r 3

m
in

Ar
tic

ai
ne

 4
%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0
1.

8 
m

L
Sl

ow
 fl

ow

20
In

fil
tra

tiv
e 

m
ax

illa
ry

 
an

es
th

es
ia

Tr
an

si
to

ry
 s

tre
ss

 le
ve

ls
: M

ea
su

re
m

en
t o

f s
al

i-
va

ry
 c

or
tis

ol
 (R

ad
io

im
m

un
oa

ss
ay

 te
ch

ni
qu

e)
, 

be
fo

re
 a

nd
 a

fte
r w

as
 d

on
e 

af
te

r 1
5 

m
in

 e
ac

h 
an

es
th

et
ic

 te
ch

ni
qu

e

An
xi

et
y 

st
at

e:
ST

AI
C

 b
ef

or
e 

an
d 

af
te

r a
ne

st
he

si
a

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

: B
en

zo
ca

in
e 

fo
r 3

 m
in

Ar
tic

ai
ne

 4
%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0
1.

8 
m

L
Sl

ow
 fl

ow

20
In

fil
tra

tiv
e 

m
ax

illa
ry

 
an

es
th

es
ia

Yo
ge

sh
-K

um
ar

, 
20

15
38

Sp
lit

-
m

ou
th

N
ot

 re
po

rte
d

12
0 

pa
tie

nt
s

Ag
e:

 7
-1

1 
yr

s
AS

A 
I

W
an

d 
(C

C
D

S)
 

ST
A

To
pi

ca
l a

ne
st

he
tic

 fo
r 3

0 
se

c
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0.

00
0

N
ee

dl
e 

30
G

,
M

od
e 

ST
A 

¼
 s

lo
w

 m
od

e

11
5

ST
A

Pa
in

 p
er

ce
pt

io
n:

FI
S 

m
od

ifi
ed

, a
fte

r t
he

 in
je

ct
io

n

Pa
in

 b
eh

av
io

r:
FL

AC
C

, d
ur

in
g 

th
e 

in
je

ct
io

n

H
R

:
Pu

ls
e 

ox
im

et
er

, b
ef

or
e 

an
d 

du
rin

g 
th

e 
in

je
ct

io
n 

pr
oc

ed
ur

e

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

 fo
r 3

0 
se

c
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

,
1 

m
L/

m
in

11
5

ST
A

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020 doi 10.17796/1053-4625-44.6    389

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

Al
am

ou
di

, 
20

16
16

Pa
ra

lle
l

Pr
im

ar
y 

m
an

di
b-

ul
ar

 m
ol

ar
 

pu
lp

ot
om

y

91
 p

at
ie

nt
s

Ag
e:

 5
-9

 y
rs

AS
A 

I
Fr

an
kl

: 3
 a

nd
 4

W
an

d 
(C

C
D

S)
 

ST
A

To
pi

ca
l a

ne
st

he
tic

 w
as

 
be

nz
oc

ai
ne

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0
N

ee
dl

e 
27

G
Tu

rb
o 

m
od

e

30
IA

N
B

Ef
fe

ct
iv

en
es

s 
of

 th
e 

an
es

th
es

ia
: S

EM
, d

ur
in

g 
th

e 
pl

ac
em

en
t o

f t
he

 c
la

m
p,

 th
e 

dr
illi

ng
 o

f t
he

 
to

ot
h,

 o
n 

en
te

rin
g 

th
e 

pu
lp

, o
n 

pu
lp

 e
xt

irp
a-

tio
n,

 a
nd

 a
t r

ub
be

r d
am

 re
m

ov
al

Po
st

op
er

at
iv

e 
pa

in
:

Th
e 

pa
re

nt
 w

as
 c

on
ta

ct
ed

 b
y 

ph
on

e 
th

e 
da

y 
af

te
r t

he
 c

hi
ld

 re
ce

iv
ed

 th
e 

an
es

th
es

ia

Po
st

op
er

at
iv

e 
lip

 b
iti

ng
:

Th
e 

pa
re

nt
 w

as
 c

on
ta

ct
ed

 b
y 

ph
on

e 
th

e 
da

y 
af

te
r t

he
 c

hi
ld

 re
ce

iv
ed

 th
e 

an
es

th
es

ia

W
an

d 
(C

C
D

S)
 

ST
A

To
pi

ca
l a

ne
st

he
tic

 w
as

 
be

nz
oc

ai
ne

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0
N

ee
dl

e 
30

G
M

od
e:

  L
ow

 ra
te

1.
2 

m
L 

de
 li

do
ca

in
e 

(0
.6

 m
L 

m
es

io
lin

gu
al

ly
 a

nd
 0

.6
 m

L 
di

st
ol

in
gu

al
ly

)

30
PD

L

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

 w
as

 
be

nz
oc

ai
ne

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0
N

ee
dl

e 
27

G
St

an
da

rd
 te

ch
ni

qu
e

31
IA

N
B

(8
0-

90
 s

ec
)

M
al

do
na

-
do

-R
am

ire
z,

 
20

17
26

Pa
ra

lle
l

Se
al

an
t f

or
 p

its
 

an
d 

fis
su

re
s,

 
pu

lp
ot

om
y,

 s
te

el
 

cr
ow

ns
, a

nd
 

ex
tra

ct
io

ns

12
0 

pa
tie

nt
s

Ag
e:

 4
- 1

0 
yr

s

W
an

d 
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

 w
as

 a
pp

lie
d 

fo
r 

3 
m

in
Th

e 
lo

ca
l a

ne
st

he
tic

 u
se

d 
w

as
 n

ot
 

re
po

rte
d

60
In

fil
tra

tio
n

Pa
in

 p
er

ce
pt

io
n:

VA
S 

an
d 

Fr
an

kl
, a

t t
he

 ti
m

e 
of

 th
e 

pu
nc

tu
re

 
an

d 
an

es
th

et
ic

 in
fil

tra
tio

n 
C

on
ve

nt
io

na
l 

sy
rin

ge

To
pi

ca
l a

ne
st

he
tic

 w
as

 a
pp

lie
d 

fo
r 

3 
m

in
Th

e 
lo

ca
l a

ne
st

he
tic

 u
se

d 
w

as
 n

ot
 

re
po

rte
d

60
In

fil
tra

tio
n

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

390 doi 10.17796/1053-4625-44.6.1 The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

D
ee

pa
k,

 2
01

719
Pa

ra
lle

l
Ex

tra
ct

io
ns

10
0 

pa
tie

nt
s

Ag
e:

 6
-1

0 
yr

s
AS

A 
I

EJ
O

A
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

 fo
r 1

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
80

,0
00

N
ee

dl
e 

30
G

Vo
lu

m
e:

 1
m

L

50
M

ax
illa

ry
 b

uc
ca

l 
in

fil
tra

tio
n 

an
d 

m
an

di
bu

la
r

Pa
in

 p
er

ce
pt

io
n:

FP
S-

R
, b

ef
or

e,
 d

ur
in

g,
 a

nd
 a

fte
r t

he
 in

je
ct

io
n

Pa
in

 b
eh

av
io

r:
FL

AC
C

 d
ur

in
g 

th
e 

in
je

ct
io

n 
an

d
FB

R
S,

 d
ur

in
g 

th
e 

or
al

 e
xa

m
in

at
io

n,
 ra

di
og

-
ra

ph
y,

 to
pi

ca
l a

ne
st

he
si

a,
 e

xt
ra

ct
io

n,
 a

nd
 e

xi
t 

to
 th

e 
cl

in
ic

H
R

:
Pu

ls
e 

ox
im

et
er

, b
ef

or
e,

 d
ur

in
g,

 a
nd

 a
fte

r t
he

 
in

je
ct

io
n

An
xi

et
y:

M
C

D
AS

, b
ef

or
e,

 d
ur

in
g,

 a
nd

 a
fte

r c
om

pl
et

in
g 

th
e 

pr
oc

ed
ur

e

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

 fo
r 1

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
80

,0
00

N
ee

dl
e 

30
G

50
M

ax
illa

ry
 b

uc
ca

l 
in

fil
tra

tio
n 

an
d 

m
an

di
bu

la
r

G
ar

re
t-B

er
-

na
rd

in
, 2

01
720

Sp
lit

-
m

ou
th

O
pe

ra
tiv

e 
de

nt
is

try
or

 e
xt

ra
ct

io
n

67
 p

at
ie

nt
s

Ag
e:

 7
-1

5 
yr

s
AS

A:
 I

W
ith

ou
t p

re
vi

ou
s 

de
nt

al
 lo

ca
l a

ne
s-

th
et

ic
 e

xp
er

ie
nc

e

W
an

d 
(C

C
D

S)
 

ST
A

Sp
ra

y 
w

ith
 li

do
ca

in
e 

10
%

M
ep

iv
ac

ai
ne

 2
0m

g/
m

L,
 a

dr
en

al
in

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

IIL
 S

TA
:  

Sp
ee

d 
m

od
e 

0.
00

5 
m

L/
se

c

67
In

tra
lig

am
en

ta
ry

 
(IL

)

Pa
in

 p
er

ce
pt

io
n:

VA
S,

 im
m

ed
ia

te
ly

 a
fte

r t
he

 in
je

ct
io

n

Le
ve

l o
f c

ol
la

bo
ra

tio
n:

Ve
nh

am
 m

od
ifi

ed
, d

ur
in

g 
th

e 
in

je
ct

io
n

H
R

:
Pu

ls
e 

ox
im

et
er

, b
ef

or
e 

an
d 

af
te

r t
he

 in
je

ct
io

n

Le
ve

l o
f s

at
is

fa
ct

io
n 

of
 th

e 
pa

tie
nt

:
Sc

al
e 

fro
m

 1
 to

 1
0,

 a
t t

he
 e

nd
 o

f t
he

 
pr

oc
ed

ur
e

C
on

ve
nt

io
na

l
sy

rin
ge

Sp
ra

y 
w

ith
 li

do
ca

in
e 

10
%

M
ep

iv
ac

ai
ne

 2
0m

g/
m

L,
 a

dr
en

al
in

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

, e
xt

ra
 s

ho
rt

67
In

tra
lig

am
en

ta
ry

(IL
)

Pa
tin

i, 
20

18
29

Sp
lit

-
m

ou
th

Ex
tra

ct
io

n
76

 p
at

ie
nt

s
Ag

e:
 5

-1
2 

yr
s

AS
A 

I

W
an

d 
(C

C
D

S)

M
ep

iv
ac

ai
ne

 2
%

, e
pi

ne
ph

rin
e 

1:
10

0.
00

0
N

ee
dl

e 
30

G
1.

8 
m

L
M

od
e 

ST
A 

(0
.0

05
 m

L/
se

c)

76
IL Pa

la
ta

l i
nj

ec
tio

n
Pa

in
 p

er
ce

pt
io

n:
N

VR
S,

 a
fte

r l
oc

al
 a

ne
st

he
si

a

H
R

:
Pu

ls
e 

ox
im

et
er

 b
ef

or
e 

an
d 

af
te

r t
he

 in
je

ct
io

n
C

on
ve

nt
io

na
l 

sy
rin

ge

M
ep

iv
ac

ai
ne

 2
%

, e
pi

ne
ph

rin
e 

1:
10

0.
00

0
N

ee
dl

e 
30

G
, e

xt
ra

 s
ho

rt
1.

8 
m

L

76
IL

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020 doi 10.17796/1053-4625-44.6    391

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

D
ee

pa
k,

 2
01

719
Pa

ra
lle

l
Ex

tra
ct

io
ns

10
0 

pa
tie

nt
s

Ag
e:

 6
-1

0 
yr

s
AS

A 
I

EJ
O

A
(C

C
D

S)

To
pi

ca
l a

ne
st

he
tic

 fo
r 1

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
80

,0
00

N
ee

dl
e 

30
G

Vo
lu

m
e:

 1
m

L

50
M

ax
illa

ry
 b

uc
ca

l 
in

fil
tra

tio
n 

an
d 

m
an

di
bu

la
r

Pa
in

 p
er

ce
pt

io
n:

FP
S-

R
, b

ef
or

e,
 d

ur
in

g,
 a

nd
 a

fte
r t

he
 in

je
ct

io
n

Pa
in

 b
eh

av
io

r:
FL

AC
C

 d
ur

in
g 

th
e 

in
je

ct
io

n 
an

d
FB

R
S,

 d
ur

in
g 

th
e 

or
al

 e
xa

m
in

at
io

n,
 ra

di
og

-
ra

ph
y,

 to
pi

ca
l a

ne
st

he
si

a,
 e

xt
ra

ct
io

n,
 a

nd
 e

xi
t 

to
 th

e 
cl

in
ic

H
R

:
Pu

ls
e 

ox
im

et
er

, b
ef

or
e,

 d
ur

in
g,

 a
nd

 a
fte

r t
he

 
in

je
ct

io
n

An
xi

et
y:

M
C

D
AS

, b
ef

or
e,

 d
ur

in
g,

 a
nd

 a
fte

r c
om

pl
et

in
g 

th
e 

pr
oc

ed
ur

e

C
on

ve
nt

io
na

l 
sy

rin
ge

To
pi

ca
l a

ne
st

he
tic

 fo
r 1

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
80

,0
00

N
ee

dl
e 

30
G

50
M

ax
illa

ry
 b

uc
ca

l 
in

fil
tra

tio
n 

an
d 

m
an

di
bu

la
r

G
ar

re
t-B

er
-

na
rd

in
, 2

01
720

Sp
lit

-
m

ou
th

O
pe

ra
tiv

e 
de

nt
is

try
or

 e
xt

ra
ct

io
n

67
 p

at
ie

nt
s

Ag
e:

 7
-1

5 
yr

s
AS

A:
 I

W
ith

ou
t p

re
vi

ou
s 

de
nt

al
 lo

ca
l a

ne
s-

th
et

ic
 e

xp
er

ie
nc

e

W
an

d 
(C

C
D

S)
 

ST
A

Sp
ra

y 
w

ith
 li

do
ca

in
e 

10
%

M
ep

iv
ac

ai
ne

 2
0m

g/
m

L,
 a

dr
en

al
in

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

IIL
 S

TA
:  

Sp
ee

d 
m

od
e 

0.
00

5 
m

L/
se

c

67
In

tra
lig

am
en

ta
ry

 
(IL

)

Pa
in

 p
er

ce
pt

io
n:

VA
S,

 im
m

ed
ia

te
ly

 a
fte

r t
he

 in
je

ct
io

n

Le
ve

l o
f c

ol
la

bo
ra

tio
n:

Ve
nh

am
 m

od
ifi

ed
, d

ur
in

g 
th

e 
in

je
ct

io
n

H
R

:
Pu

ls
e 

ox
im

et
er

, b
ef

or
e 

an
d 

af
te

r t
he

 in
je

ct
io

n

Le
ve

l o
f s

at
is

fa
ct

io
n 

of
 th

e 
pa

tie
nt

:
Sc

al
e 

fro
m

 1
 to

 1
0,

 a
t t

he
 e

nd
 o

f t
he

 
pr

oc
ed

ur
e

C
on

ve
nt

io
na

l
sy

rin
ge

Sp
ra

y 
w

ith
 li

do
ca

in
e 

10
%

M
ep

iv
ac

ai
ne

 2
0m

g/
m

L,
 a

dr
en

al
in

e 
1:

10
0,

00
0

N
ee

dl
e 

30
G

, e
xt

ra
 s

ho
rt

67
In

tra
lig

am
en

ta
ry

(IL
)

Pa
tin

i, 
20

18
29

Sp
lit

-
m

ou
th

Ex
tra

ct
io

n
76

 p
at

ie
nt

s
Ag

e:
 5

-1
2 

yr
s

AS
A 

I

W
an

d 
(C

C
D

S)

M
ep

iv
ac

ai
ne

 2
%

, e
pi

ne
ph

rin
e 

1:
10

0.
00

0
N

ee
dl

e 
30

G
1.

8 
m

L
M

od
e 

ST
A 

(0
.0

05
 m

L/
se

c)

76
IL Pa

la
ta

l i
nj

ec
tio

n
Pa

in
 p

er
ce

pt
io

n:
N

VR
S,

 a
fte

r l
oc

al
 a

ne
st

he
si

a

H
R

:
Pu

ls
e 

ox
im

et
er

 b
ef

or
e 

an
d 

af
te

r t
he

 in
je

ct
io

n
C

on
ve

nt
io

na
l 

sy
rin

ge

M
ep

iv
ac

ai
ne

 2
%

, e
pi

ne
ph

rin
e 

1:
10

0.
00

0
N

ee
dl

e 
30

G
, e

xt
ra

 s
ho

rt
1.

8 
m

L

76
IL

First author, Year

Design

Dental treatment

Patients 
characteristics

Type infiltration

Injection 
parameters

N of treatments

Blocking 
technique

Response 
variables

described in the 
study

M
itt

al
, 2

01
927

Pa
ra

lle
l

Ex
tra

ct
io

n
82

 p
at

ie
nt

s
Ag

e:
 6

-1
3 

yr
s

W
an

d 
(C

C
D

S)

Sp
ra

y 
w

ith
 li

do
ca

in
e 

fo
r 1

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
80

,0
00

N
ee

dl
e 

30
G

0.
36

 m
L

51
IL

Pa
in

 p
er

ce
pt

io
n:

SE
M

 a
nd

 F
PS

 b
ef

or
e,

 d
ur

in
g,

 a
nd

 a
fte

r 
in

je
ct

io
n

H
R

:
Pu

ls
e 

ox
im

et
er

C
on

ve
nt

io
na

l 
sy

rin
ge

Sp
ra

y 
w

ith
 li

do
ca

in
e 

fo
r 1

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
80

,0
00

N
ee

dl
e 

30
G

, e
xt

ra
 s

ho
rt

0.
36

 m
L

51
IL

A
D

B
C

: A
nx

io
us

 a
nd

 D
is

ru
pt

iv
e 

Be
ha

vi
or

 C
od

e
A

M
SA

: A
nt

er
io

r M
id

dl
e 

Su
pe

rio
r A

lv
eo

la
r

A
SA

: A
m

er
ic

an
 S

oc
ie

ty
 o

f A
ne

st
he

si
ol

og
is

ts
C

C
D

S:
 C

om
pu

te
r C

on
tro

lle
r L

oc
al

 A
na

es
th

es
ia

 D
el

iv
er

y 
Sy

st
em

s
C

FS
S-

D
S:

 C
hi

ld
re

n’
s 

Fe
ar

 S
ur

ve
y 

Sc
he

du
le

-D
en

ta
l S

ub
sc

al
e

EC
S:

 E
la

nd
 C

ol
or

 S
ca

le
FB

R
S:

 F
re

nk
el

´s
 B

eh
av

io
r R

at
in

g 
Sc

al
e

FI
S:

 F
ac

ia
l I

m
ag

e 
Sc

al
e

FL
A

C
C

: F
ac

e,
 L

eg
s,

 A
ct

iv
ity

, C
ry

, C
on

so
la

bi
lit

y
M

C
D

A
S:

 M
od

ifi
ed

 C
hi

ld
 D

en
ta

l A
nx

ie
ty

 S
ca

le
FP

S-
R

: F
ac

es
 P

ai
n 

Sc
al

e-
R

ev
is

ed
FR

S:
 F

ac
e 

R
at

in
g 

Sc
al

e
H

R
: H

ea
rt 

R
at

e
IA

N
B

: I
nf

er
io

r A
lv

eo
la

r N
er

ve
 B

lo
ck

IL
: I

nt
ra

lig
am

en
ta

ry
M

B
PS

: M
od

ifi
ed

 B
eh

av
io

ra
l P

ai
n 

Sc
al

e
N

VR
S:

 N
um

er
ic

al
 V

is
ua

l R
at

in
g 

Sc
al

e
P-

A
SA

: P
al

at
al

 A
lv

eo
la

r S
up

er
io

r A
lv

eo
la

r
PD

L:
 P

er
io

do
nt

al
 L

ig
am

en
t

SE
M

: S
ou

nd
s,

 E
ye

s 
an

d 
M

ot
or

ST
A

: S
in

gl
e 

To
ot

h 
An

ae
st

he
si

a
ST

A
IC

: S
ta

te
-T

ra
it 

An
xi

et
y 

In
ve

nt
or

y 
fo

r C
hi

ld
re

n
SS

A
I-C

: S
pi

el
be

rg
´s

 S
ta

te
 A

nx
ie

ty
 In

ve
nt

or
y 

fo
r C

hi
ld

re
n

VA
S:

 V
is

ua
l A

na
lo

gu
e 

Sc
al

e
VR

S:
 V

is
ua

l R
at

in
g 

Sc
al

e
W

B
FP

S:
 W

on
g-

Ba
ke

r F
ac

es
 P

ai
n 

Sc
al

e

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

392 doi 10.17796/1053-4625-44.6.1 The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020

Ta
bl

e 
S3

. C
ha

ra
ct

er
is

tic
s 

of
 th

e 
no

t i
nc

lu
de

d 
tr

ia
ls

.

Fi
rs

t a
ut

ho
r, 

Ye
ar

D
es

ig
n 

(ty
pe

)
Ex

cl
us

io
n 

re
as

on
Pa

tie
nt

 
ch

ar
ac

te
ris

tic
s

Ty
pe

 in
fil

tr
at

io
n

In
je

ct
io

n 
pa

ra
m

et
er

s
N

 o
f 

tr
ea

tm
en

ts
B

lo
ck

in
g 

te
ch

ni
qu

e

R
an

, 2
00

349
Pa

ra
lle

l
D

iff
er

en
t a

ne
st

he
tic

 
te

ch
ni

qu
e

88
 p

at
ie

nt
s

Ag
e:

 2
4-

48
 m

on
th

s

AS
A 

I

W
an

d 
(C

C
D

S)

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

30
G

Sl
ow

 m
od

e

0.
6 

m
L

43
PD

L

C
on

ve
nt

io
na

l s
yr

in
ge

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

30
G

Sl
ow

: 1
 m

L 
/m

in

Ea
ch

 to
ot

h 
w

as
 0

.9
 m

L

45
Bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

O
zt

aş
, 2

00
548

Sp
lit

-m
ou

th
D

iff
er

en
t a

ne
st

he
tic

 
te

ch
ni

qu
e

25
 p

at
ie

nt
s

Ag
e:

 6
-1

0 
yr

s

AS
A 

I

Pr
ev

io
us

 d
en

ta
l 

ex
pe

rie
nc

e

W
an

d 
(C

C
D

S)

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

30
G

Sl
ow

 m
od

e

25
PD

L

C
on

ve
nt

io
na

l s
yr

in
ge

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

30
G

Sl
ow

 (2
 m

in
)

25
IA

N
B

va
n 

D
in

te
r, 

20
06

52
N

R
Ar

tic
le

 in
 D

ut
ch

12
5 

pa
tie

nt
s

Ag
e:

 4
-1

1 
yr

s

W
an

d 
(C

C
D

S)
Lo

w
 a

nx
ie

ty
 le

ve
l

H
ig

h 
an

xi
et

y 
le

ve
l

67
Bu

cc
al

, p
al

at
al

 a
nd

 
m

an
di

bu
la

r i
nfi

ltr
at

io
n

C
on

ve
nt

io
na

l s
yr

in
ge

Lo
w

 a
nx

ie
ty

 le
ve

l

H
ig

h 
an

xi
et

y 
le

ve
l

58

Za
ho

, 2
01

153

N
R

Ar
tic

le
 in

 C
hi

ne
se

30
 p

at
ie

nt
s

Ag
e:

 4
-9

 y
rs

C
C

D
S

Te
tra

ca
in

e 
to

pi
ca

l 2
%

, f
or

 2
 m

in

Ar
tic

ai
ne

 4
%

, e
pi

ne
ph

rin
e

1:
10

0,
00

0

0.
3 

m
L

15
Bu

cc
al

 in
fil

tra
tio

n

PD
L 

m
an

di
bu

la
r

C
on

ve
nt

io
na

l s
yr

in
ge

Te
tra

ca
in

e 
to

pi
ca

l 2
%

, f
or

 2
 m

in

Ar
tic

ai
ne

 4
%

, e
pi

ne
ph

rin
e

1:
10

0,
00

0

0.
6 

m
L

15
Bu

cc
al

 in
fil

tra
tio

n

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020 doi 10.17796/1053-4625-44.6    393

Ta
bl

e 
S3

. C
ha

ra
ct

er
is

tic
s 

of
 th

e 
no

t i
nc

lu
de

d 
tr

ia
ls

.

Fi
rs

t a
ut

ho
r, 

Ye
ar

D
es

ig
n 

(ty
pe

)
Ex

cl
us

io
n 

re
as

on
Pa

tie
nt

 
ch

ar
ac

te
ris

tic
s

Ty
pe

 in
fil

tr
at

io
n

In
je

ct
io

n 
pa

ra
m

et
er

s
N

 o
f 

tr
ea

tm
en

ts
B

lo
ck

in
g 

te
ch

ni
qu

e

R
an

, 2
00

349
Pa

ra
lle

l
D

iff
er

en
t a

ne
st

he
tic

 
te

ch
ni

qu
e

88
 p

at
ie

nt
s

Ag
e:

 2
4-

48
 m

on
th

s

AS
A 

I

W
an

d 
(C

C
D

S)

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

30
G

Sl
ow

 m
od

e

0.
6 

m
L

43
PD

L

C
on

ve
nt

io
na

l s
yr

in
ge

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

30
G

Sl
ow

: 1
 m

L 
/m

in

Ea
ch

 to
ot

h 
w

as
 0

.9
 m

L

45
Bu

cc
al

 a
nd

 p
al

at
al

 
in

fil
tra

tio
n

O
zt

aş
, 2

00
548

Sp
lit

-m
ou

th
D

iff
er

en
t a

ne
st

he
tic

 
te

ch
ni

qu
e

25
 p

at
ie

nt
s

Ag
e:

 6
-1

0 
yr

s

AS
A 

I

Pr
ev

io
us

 d
en

ta
l 

ex
pe

rie
nc

e

W
an

d 
(C

C
D

S)

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

30
G

Sl
ow

 m
od

e

25
PD

L

C
on

ve
nt

io
na

l s
yr

in
ge

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

30
G

Sl
ow

 (2
 m

in
)

25
IA

N
B

va
n 

D
in

te
r, 

20
06

52
N

R
Ar

tic
le

 in
 D

ut
ch

12
5 

pa
tie

nt
s

Ag
e:

 4
-1

1 
yr

s

W
an

d 
(C

C
D

S)
Lo

w
 a

nx
ie

ty
 le

ve
l

H
ig

h 
an

xi
et

y 
le

ve
l

67
Bu

cc
al

, p
al

at
al

 a
nd

 
m

an
di

bu
la

r i
nfi

ltr
at

io
n

C
on

ve
nt

io
na

l s
yr

in
ge

Lo
w

 a
nx

ie
ty

 le
ve

l

H
ig

h 
an

xi
et

y 
le

ve
l

58

Za
ho

, 2
01

153

N
R

Ar
tic

le
 in

 C
hi

ne
se

30
 p

at
ie

nt
s

Ag
e:

 4
-9

 y
rs

C
C

D
S

Te
tra

ca
in

e 
to

pi
ca

l 2
%

, f
or

 2
 m

in

Ar
tic

ai
ne

 4
%

, e
pi

ne
ph

rin
e

1:
10

0,
00

0

0.
3 

m
L

15
Bu

cc
al

 in
fil

tra
tio

n

PD
L 

m
an

di
bu

la
r

C
on

ve
nt

io
na

l s
yr

in
ge

Te
tra

ca
in

e 
to

pi
ca

l 2
%

, f
or

 2
 m

in

Ar
tic

ai
ne

 4
%

, e
pi

ne
ph

rin
e

1:
10

0,
00

0

0.
6 

m
L

15
Bu

cc
al

 in
fil

tra
tio

n

Fi
rs

t a
ut

ho
r, 

Ye
ar

D
es

ig
n 

(ty
pe

)
Ex

cl
us

io
n 

re
as

on
Pa

tie
nt

 
ch

ar
ac

te
ris

tic
s

Ty
pe

 in
fil

tr
at

io
n

In
je

ct
io

n 
pa

ra
m

et
er

s
N

 o
f 

tr
ea

tm
en

ts
B

lo
ck

in
g 

te
ch

ni
qu

e

R
oe

be
r, 

20
11

42
Pa

ra
lle

l
Vi

br
at

io
na

l s
ys

te
m

90
 p

at
ie

nt
s

Ag
e:

 4
-8

 y
rs

C
on

ve
nt

io
na

l s
yr

in
ge

 w
ith

 
Vi

br
aj

ec
t

To
pi

ca
l a

ne
st

he
tic

44
N

ot
 d

es
cr

ib
ed

C
on

ve
nt

io
na

l s
yr

in
ge

 w
ith

-
ou

t V
ib

ra
je

ct
To

pi
ca

l a
ne

st
he

tic
46

N
ie

uw
en

hu
iz

en
, 

20
13

47
Pa

ra
lle

l
D

iff
er

en
t s

ys
te

m
 c

om
-

pa
ris

on

11
2 

pa
tie

nt
s

Ag
e:

 4
-6

 y
rs

Lo
w

 a
nd

 h
ig

h 
an

xi
-

et
y 

ch
ild

re
n

Sl
ee

pe
rO

ne
To

pi
ca

l a
ne

st
he

tic

Ar
tic

ai
ne

 0
.6

 m
L

52
In

fil
tra

tio
n 

in
tra

os
se

-
ou

s 
in

 m
ax

illa
ry

 a
nd

 
m

an
di

bu
la

r
W

an
d 

(C
C

D
S)

To
pi

ca
l a

ne
st

he
tic

Ar
tic

ai
ne

 0
.6

 m
L

60

Ba
ns

al
, 2

01
445

N
R

D
iff

er
en

t s
ys

te
m

 c
om

-
pa

ris
on

90
 p

at
ie

nt
s

Ag
e:

 6
-1

0 
yr

s

AS
A 

I

W
ith

 n
o 

pr
ev

io
us

 
de

nt
al

 e
xp

er
ie

nc
e

C
on

ve
nt

io
na

l s
yr

in
ge

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
20

0,
00

0

Bu
cc

al
 (0

.9
0 

m
L)

 a
nd

Pa
la

ta
l i

nfi
ltr

at
io

ns
 (0

.4
5 

m
L)

1 
m

L/
m

in

30

Bu
cc

al
 a

nd
 p

al
at

al
 

in
fil

tra
tio

ns

TE
N

S 
an

d 
co

nv
en

tio
na

l 
sy

rin
ge

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
20

0,
00

0

Fo
r m

ax
illa

ry
 p

rim
ar

y 
m

ol
ar

s,
 

el
ec

tro
de

 p
ad

s 
w

er
e 

pl
ac

ed
 o

ve
r 

th
e 

ap
ic

es
 o

f t
he

 p
rim

ar
y 

m
ol

ar
s 

ju
st

 b
el

ow
 th

e 
zy

go
m

a

Bu
cc

al
 (0

.9
0 

m
L)

 a
nd

Pa
la

ta
l i

nfi
ltr

at
io

ns
 (0

.4
5 

m
L)

.

1 
m

L/
m

in

30

C
C

S

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
20

0,
00

0

C
om

fo
rt 

C
on

tro
l T

M
 S

yr
in

ge

Bu
cc

al
 (0

.9
0 

m
L)

 a
nd

Pa
la

ta
l i

nfi
ltr

at
io

ns
 (0

.4
5 

m
L)

1m
L/

m
in

30

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

394 doi 10.17796/1053-4625-44.6.1 The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020

Fi
rs

t a
ut

ho
r, 

Ye
ar

D
es

ig
n 

(ty
pe

)
Ex

cl
us

io
n 

re
as

on
Pa

tie
nt

 
ch

ar
ac

te
ris

tic
s

Ty
pe

 in
fil

tr
at

io
n

In
je

ct
io

n 
pa

ra
m

et
er

s
N

 o
f 

tr
ea

tm
en

ts
B

lo
ck

in
g 

te
ch

ni
qu

e

C
hi

ng
, 2

01
439

Sp
lit

-m
ou

th
Vi

br
at

io
na

l s
ys

te
m

36
 p

at
ie

nt
s

Ag
e:

 1
0-

17
 y

rs

D
en

ta
lV

ib
e 

an
d 

co
nv

en
tio

n-
al

 s
yr

in
ge

To
pi

ca
l a

ne
st

he
tic

 B
en

zo
ca

in
e 

20
%

 fo
r 2

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0.
00

0

N
ee

dl
e 

30
G

Vo
lu

m
e:

 0
.8

5 
m

L

Sp
ee

d:
 3

0 
a 

40
 s

ec

17

Bu
cc

al
 in

fil
tra

tio
n

C
on

ve
nt

io
na

l s
yr

in
ge

 w
ith

-
ou

t D
en

ta
lV

ib
e

To
pi

ca
l a

ne
st

he
tic

 B
en

zo
ca

in
e 

20
%

 fo
r 2

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0.
00

0

N
ee

dl
e 

30
G

Vo
lu

m
e:

 0
.8

5 
m

L

Sp
ee

d:
 3

0 
a 

40
 s

ec

19

El
ba

y,
 2

01
540

Sp
lit

-m
ou

th
Vi

br
at

io
na

l s
ys

te
m

60
 p

at
ie

nt
s

Ag
e:

 6
-1

2 
ye

ar
s

AS
A 

I

Fr
an

kl
 3

 a
nd

 4

Tr
ad

iti
on

al
 s

yr
in

ge
+ 

D
en

-
ta

lV
ib

e 
gr

ou
p

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 fo

r 6
0 

se
c

1 
m

L 
of

 A
rti

ca
in

e 
H

yd
ro

ch
lo

rid
e,

 
ep

in
ep

hr
in

e 
1:

10
0,

00
0

N
ee

dl
e 

27
G

60

IA
N

B

Tr
ad

iti
on

al
 s

yr
in

ge
 g

ro
up

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 fo

r 6
0 

se
c.

1 
m

L 
of

 A
rti

ca
in

e 
H

yd
ro

ch
lo

rid
e,

 
ep

in
ep

hr
in

e 
1:

10
0,

00
0

N
ee

dl
e 

27
G

60

Şe
rm

et
 E

lb
ay

, 
20

15
50

Sp
lit

-m
ou

th
Vi

br
at

io
na

l s
ys

te
m

60
 p

at
ie

nt
s

Ag
e:

 6
-1

2 
yr

s

Fr
an

kl
 3

 a
nd

 4

Tr
ad

iti
on

al
 s

yr
in

ge
+ 

D
en

-
ta

lV
ib

e

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 fo

r 6
0 

se
c

0.
2-

0.
3 

m
L 

of
 A

rti
ca

in
e 

H
yd

ro
-

ch
lo

rid
e,

 e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

27
G

60

Pa
la

ta
l i

nfi
ltr

at
io

n

Tr
ad

iti
on

al
 s

yr
in

ge

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 fo

r 6
0 

se
c

0.
2-

0.
3 

m
L 

of
 A

rti
ca

in
e 

H
yd

ro
-

ch
lo

rid
e,

 e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

27
G

60

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020 doi 10.17796/1053-4625-44.6    395

Fi
rs

t a
ut

ho
r, 

Ye
ar

D
es

ig
n 

(ty
pe

)
Ex

cl
us

io
n 

re
as

on
Pa

tie
nt

 
ch

ar
ac

te
ris

tic
s

Ty
pe

 in
fil

tr
at

io
n

In
je

ct
io

n 
pa

ra
m

et
er

s
N

 o
f 

tr
ea

tm
en

ts
B

lo
ck

in
g 

te
ch

ni
qu

e

C
hi

ng
, 2

01
439

Sp
lit

-m
ou

th
Vi

br
at

io
na

l s
ys

te
m

36
 p

at
ie

nt
s

Ag
e:

 1
0-

17
 y

rs

D
en

ta
lV

ib
e 

an
d 

co
nv

en
tio

n-
al

 s
yr

in
ge

To
pi

ca
l a

ne
st

he
tic

 B
en

zo
ca

in
e 

20
%

 fo
r 2

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0.
00

0

N
ee

dl
e 

30
G

Vo
lu

m
e:

 0
.8

5 
m

L

Sp
ee

d:
 3

0 
a 

40
 s

ec

17

Bu
cc

al
 in

fil
tra

tio
n

C
on

ve
nt

io
na

l s
yr

in
ge

 w
ith

-
ou

t D
en

ta
lV

ib
e

To
pi

ca
l a

ne
st

he
tic

 B
en

zo
ca

in
e 

20
%

 fo
r 2

 m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0.
00

0

N
ee

dl
e 

30
G

Vo
lu

m
e:

 0
.8

5 
m

L

Sp
ee

d:
 3

0 
a 

40
 s

ec

19

El
ba

y,
 2

01
540

Sp
lit

-m
ou

th
Vi

br
at

io
na

l s
ys

te
m

60
 p

at
ie

nt
s

Ag
e:

 6
-1

2 
ye

ar
s

AS
A 

I

Fr
an

kl
 3

 a
nd

 4

Tr
ad

iti
on

al
 s

yr
in

ge
+ 

D
en

-
ta

lV
ib

e 
gr

ou
p

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 fo

r 6
0 

se
c

1 
m

L 
of

 A
rti

ca
in

e 
H

yd
ro

ch
lo

rid
e,

 
ep

in
ep

hr
in

e 
1:

10
0,

00
0

N
ee

dl
e 

27
G

60

IA
N

B

Tr
ad

iti
on

al
 s

yr
in

ge
 g

ro
up

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 fo

r 6
0 

se
c.

1 
m

L 
of

 A
rti

ca
in

e 
H

yd
ro

ch
lo

rid
e,

 
ep

in
ep

hr
in

e 
1:

10
0,

00
0

N
ee

dl
e 

27
G

60

Şe
rm

et
 E

lb
ay

, 
20

15
50

Sp
lit

-m
ou

th
Vi

br
at

io
na

l s
ys

te
m

60
 p

at
ie

nt
s

Ag
e:

 6
-1

2 
yr

s

Fr
an

kl
 3

 a
nd

 4

Tr
ad

iti
on

al
 s

yr
in

ge
+ 

D
en

-
ta

lV
ib

e

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 fo

r 6
0 

se
c

0.
2-

0.
3 

m
L 

of
 A

rti
ca

in
e 

H
yd

ro
-

ch
lo

rid
e,

 e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

27
G

60

Pa
la

ta
l i

nfi
ltr

at
io

n

Tr
ad

iti
on

al
 s

yr
in

ge

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 fo

r 6
0 

se
c

0.
2-

0.
3 

m
L 

of
 A

rti
ca

in
e 

H
yd

ro
-

ch
lo

rid
e,

 e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

27
G

60

Fi
rs

t a
ut

ho
r, 

Ye
ar

D
es

ig
n 

(ty
pe

)
Ex

cl
us

io
n 

re
as

on
Pa

tie
nt

 
ch

ar
ac

te
ris

tic
s

Ty
pe

 in
fil

tr
at

io
n

In
je

ct
io

n 
pa

ra
m

et
er

s
N

 o
f 

tr
ea

tm
en

ts
B

lo
ck

in
g 

te
ch

ni
qu

e

Şe
rm

et
 E

lb
ay

, 
20

16
43

Sp
lit

-m
ou

th
Vi

br
at

io
na

l s
ys

te
m

59
 p

at
ie

nt
s

Ag
e:

 6
-1

2 
yr

s

AS
A 

I

Fr
an

kl
 3

 a
nd

 4

D
en

ta
lV

ib
e 

w
ith

co
nv

en
tio

na
l s

yr
in

ge

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 fo

r 6
0 

se
c

1 
m

L 
of

 A
rti

ca
in

e 
H

yd
ro

ch
lo

rid
e,

 
ep

in
ep

hr
in

e 
1:

10
0,

00
0

N
ee

dl
e 

27
G

59

Su
pr

ap
er

io
st

ea
l i

nfi
l-

tra
tio

n

C
on

ve
nt

io
na

l s
yr

in
ge

 w
ith

-
ou

t D
en

ta
lV

ib
e

To
pi

ca
l a

ne
st

he
tic

 s
pr

ay
 fo

r 6
0 

se
c

1 
m

L 
of

 A
rti

ca
in

e 
H

yd
ro

ch
lo

rid
e,

 
ep

in
ep

hr
in

e 
1:

10
0,

00
0

N
ee

dl
e 

27
G

59

C
ho

ud
ha

ri,
 2

01
74

6
Pa

ra
lle

l
D

iff
er

en
t s

ys
te

m
 c

om
-

pa
ris

on

10
0 

pa
tie

nt
s:

Ag
e:

 8
-1

2 
yr

s

Ap
pl

ic
at

io
n 

of
 2

0%
 b

en
zo

-
ca

in
e 

ge
l a

t t
he

 in
je

ct
io

n 
si

te
 fo

r 2
 m

in

To
pi

ca
l B

en
zo

ca
in

e 
20

%
 fo

r 2
 

m
in

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
20

0,
00

0

50
AI

N
B

Ap
pl

ic
at

io
n 

of
 T

EN
S 

el
ec

-
tro

de
s 

ex
tra

or
al

ly
Li

do
ca

in
e 

2%
, e

pi
ne

ph
rin

e 
1:

20
0,

00
0

50

R
as

la
n,

 2
01

841
Sp

lit
-m

ou
th

Vi
br

at
io

na
l s

ys
te

m

40
 p

at
ie

nt
s

Ag
e:

 6
-1

2 
ye

ar
s

AS
A 

I

Fr
an

kl
 3

 a
nd

 4

C
hi

ld
re

n 
la

ck
ed

 
th

e 
pr

ev
io

us
 d

en
ta

l 
ex

pe
rie

nc
e

D
en

ta
lV

ib
e 

w
ith

 a
 c

on
ve

n-
tio

na
l s

yr
in

ge

Ar
tic

ai
ne

 4
%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

27
G

1 
m

L/
m

in

40

Bu
cc

al
 in

fil
tra

tio
n 

m
ax

illa
ry

Pa
la

ta
l i

nfi
ltr

at
io

n 
m

ax
illa

ry

IA
N

B

C
on

ve
nt

io
na

l s
yr

in
ge

 w
ith

-
ou

t D
en

ta
lV

ib
e

Ar
tic

ai
ne

 4
%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

N
ee

dl
e 

27
G

1 
m

L/
m

in

40

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

396 doi 10.17796/1053-4625-44.6.1 The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020

Fi
rs

t a
ut

ho
r, 

Ye
ar

D
es

ig
n 

(ty
pe

)
Ex

cl
us

io
n 

re
as

on
Pa

tie
nt

 
ch

ar
ac

te
ris

tic
s

Ty
pe

 in
fil

tr
at

io
n

In
je

ct
io

n 
pa

ra
m

et
er

s
N

 o
f 

tr
ea

tm
en

ts
B

lo
ck

in
g 

te
ch

ni
qu

e

Tu
ng

, 2
01

844
Pa

ra
lle

l
Vi

br
at

io
na

l s
ys

te
m

15
0 

pa
tie

nt
s

Ag
e:

 7
-1

4 
yr

s

Fr
an

kl
 3

 a
nd

 4

In
je

ct
io

n 
w

ith
 n

o 
vi

br
at

io
n

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0.

20
%

 b
en

zo
ca

in
e 

to
pi

ca
l a

ne
s-

th
et

ic
 g

el

N
ee

dl
e 

30
G

27
 m

g 
of

 li
do

ca
in

e 
an

d 
0.

01
35

 
m

g 
ep

in
ep

hr
in

e

AI
N

B:
 3

6 
m

g 
of

 li
do

ca
in

e 
an

d 
0.

01
8 

m
g 

of
 e

pi
ne

ph
rin

e

50

M
ax

illa
ry

 in
fil

tra
tio

n 
or

 IA
N

B 
an

d 
lo

ng
 

bu
cc

al
 in

je
ct

io
n

In
je

ct
io

n 
w

ith
 m

an
ua

l s
tim

-
ul

at
io

n

M
an

ua
l v

ib
ra

tio
n 

fo
r fi

ve
 s

ec

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

20
%

 b
en

zo
ca

in
e 

to
pi

ca
l a

ne
s-

th
et

ic
 g

el

N
ee

dl
e 

30
G

27
 m

g 
of

 li
do

ca
in

e 
an

d 
0.

01
35

 
m

g 
ep

in
ep

hr
in

e

AI
N

B:
 3

6 
m

g 
of

 li
do

ca
in

e 
an

d 
0.

01
8 

m
g 

of
 e

pi
ne

ph
rin

e

50

in
je

ct
io

n 
w

ith
 D

en
ta

lV
ib

e

Vi
br

at
e 

fo
r 1

0 
se

co
nd

s 
be

fo
re

 
ne

ed
le

 p
la

ce
m

en
t

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

20
%

 b
en

zo
ca

in
e 

to
pi

ca
l a

ne
s-

th
et

ic
 g

el

N
ee

dl
e 

30
G

27
 m

g 
of

 li
do

ca
in

e 
an

d 
0.

01
35

 
m

g 
ep

in
ep

hr
in

e

AI
N

B:
 3

6 
m

g 
of

 li
do

ca
in

e 
an

d 
0.

01
8 

m
g 

of
 e

pi
ne

ph
rin

e

50

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020 doi 10.17796/1053-4625-44.6    397

Fi
rs

t a
ut

ho
r, 

Ye
ar

D
es

ig
n 

(ty
pe

)
Ex

cl
us

io
n 

re
as

on
Pa

tie
nt

 
ch

ar
ac

te
ris

tic
s

Ty
pe

 in
fil

tr
at

io
n

In
je

ct
io

n 
pa

ra
m

et
er

s
N

 o
f 

tr
ea

tm
en

ts
B

lo
ck

in
g 

te
ch

ni
qu

e

Tu
ng

, 2
01

844
Pa

ra
lle

l
Vi

br
at

io
na

l s
ys

te
m

15
0 

pa
tie

nt
s

Ag
e:

 7
-1

4 
yr

s

Fr
an

kl
 3

 a
nd

 4

In
je

ct
io

n 
w

ith
 n

o 
vi

br
at

io
n

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0.

20
%

 b
en

zo
ca

in
e 

to
pi

ca
l a

ne
s-

th
et

ic
 g

el

N
ee

dl
e 

30
G

27
 m

g 
of

 li
do

ca
in

e 
an

d 
0.

01
35

 
m

g 
ep

in
ep

hr
in

e

AI
N

B:
 3

6 
m

g 
of

 li
do

ca
in

e 
an

d 
0.

01
8 

m
g 

of
 e

pi
ne

ph
rin

e

50

M
ax

illa
ry

 in
fil

tra
tio

n 
or

 IA
N

B 
an

d 
lo

ng
 

bu
cc

al
 in

je
ct

io
n

In
je

ct
io

n 
w

ith
 m

an
ua

l s
tim

-
ul

at
io

n

M
an

ua
l v

ib
ra

tio
n 

fo
r fi

ve
 s

ec

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

20
%

 b
en

zo
ca

in
e 

to
pi

ca
l a

ne
s-

th
et

ic
 g

el

N
ee

dl
e 

30
G

27
 m

g 
of

 li
do

ca
in

e 
an

d 
0.

01
35

 
m

g 
ep

in
ep

hr
in

e

AI
N

B:
 3

6 
m

g 
of

 li
do

ca
in

e 
an

d 
0.

01
8 

m
g 

of
 e

pi
ne

ph
rin

e

50

in
je

ct
io

n 
w

ith
 D

en
ta

lV
ib

e

Vi
br

at
e 

fo
r 1

0 
se

co
nd

s 
be

fo
re

 
ne

ed
le

 p
la

ce
m

en
t

Li
do

ca
in

e 
2%

, e
pi

ne
ph

rin
e 

1:
10

0,
00

0

20
%

 b
en

zo
ca

in
e 

to
pi

ca
l a

ne
s-

th
et

ic
 g

el

N
ee

dl
e 

30
G

27
 m

g 
of

 li
do

ca
in

e 
an

d 
0.

01
35

 
m

g 
ep

in
ep

hr
in

e

AI
N

B:
 3

6 
m

g 
of

 li
do

ca
in

e 
an

d 
0.

01
8 

m
g 

of
 e

pi
ne

ph
rin

e

50

Fi
rs

t a
ut

ho
r, 

Ye
ar

D
es

ig
n 

(ty
pe

)
Ex

cl
us

io
n 

re
as

on
Pa

tie
nt

 
ch

ar
ac

te
ris

tic
s

Ty
pe

 in
fil

tr
at

io
n

In
je

ct
io

n 
pa

ra
m

et
er

s
N

 o
f 

tr
ea

tm
en

ts
B

lo
ck

in
g 

te
ch

ni
qu

e

Sm
aï

l-F
au

ge
ro

n,
 

20
19

51
Pa

ra
lle

l a
nd

Sp
lit

-m
ou

th
D

iff
er

en
t a

ne
st

he
tic

 
te

ch
ni

qu
e

15
8 

pa
tie

nt
s

Ag
e:

 7
-1

5 
yr

s
AS

A 
I

Ve
nh

am
 0

-2

C
C

D
S 

“Q
ui

ck
 s

le
ep

er
”

To
pi

ca
l l

id
oc

ai
ne

 2
%

 fo
r 1

-2
 m

in

Ar
tic

ai
ne

 4
%

, a
dr

en
al

in
 

1:
20

0,
00

0

N
ee

dl
e 

30
G

Pa
ra

lle
l:

63 Sp
lit

 
m

ou
th

: 3
0

In
tra

os
se

ou
s 

an
es

th
es

ia

C
on

ve
nt

io
na

l s
yr

in
ge

To
pi

ca
l l

id
oc

ai
ne

 2
%

 fo
r 1

-2
 m

in
Ar

tic
ai

ne
 4

%
, a

dr
en

al
in

 
1:

20
0,

00
0

N
ee

dl
e 

30
G

Pa
ra

lle
l:

65 Sp
lit

 
m

ou
th

: 3
0

A
SA

: A
m

er
ic

an
 S

oc
ie

ty
 o

f A
ne

st
he

si
ol

og
is

ts

IA
N

B
: I

nf
er

io
r A

lv
eo

la
r N

er
ve

 B
lo

ck

PD
L:

 P
er

io
do

nt
al

 L
ig

am
en

t

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

398 doi 10.17796/1053-4625-44.6.1 The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020

REFERENCES
1. Gibson RS, Allen K, Hutfless S, Beiraghi S. The Wand vs. traditional 

injection: A comparison of pain related behaviors. Pediatr Dent; 22: 
458–462, 2000.

2. Gaglani A, Gross T. Pediatric pain management. Emerg Med Clin N Am; 
36: 323–334, 2018.

3. Jälevik B, Klingberg G. Pain sensation and injection techniques in 
maxillary dento-alveolar surgery procedures in children – A compar-
ison between conventional and computerized injection techniques (The 
Wand®). Swed Dent J; 38: 67–75, 2014.

4. Allen KD, Kotil D, Larzelere RE, Hutfless S, Beiraghi S. Comparison of 
a computerized anesthesia device with a traditional syringe in preschool 
children. Pediatr Dent; 24: 315–320, 2002.

5. Klein U, Hunzeker C, Hutfless S, Galloway A. Quality of anesthesia for 
the maxillary primary anterior segment in pediatric patients: Comparison 
of the P-ASA nerve block using CompuMed delivery system vs tradi-
tional supraperiosteal injections. J Dent Child; 72: 119–125, 2005.

6. Mittal M, Kumar A, Srivastava D, Sharma P, Sharma S. Pain perception: 
Computerized versus traditional local anesthesia in pediatric patients. J 
Clin Pediatr Dent; 39: 470–474, 2015.

7. Libonati A, Nardi R, Gallusi G, Angotti V, Caruso S, Coniglione F. 
Pain and anxiety associated with computer-controlled local anaesthesia: 
systematic review and meta-analysis of cross-over studies. Eur J Paediatr 
Dent; 19: 324–332, 2018.

8. de Camargo-Smolarek PC, Wambier LM, Siqueira-Silva L, Chibinski 
ACR. Does computerized anesthesia reduce pain during local anaesthesia 
in paediatric patients for dental treatment? A systematic review and 
meta-analysis. Int J Paediatr Dent; 30: 118–135, 2020.

9. Feda M, Al Amoudi N, Sharaf A, Hanno A, Farse N, Masoud I, Almushyt 
A. A comparative study of children’s pain reactions and perceptions to 
AMSA injection using CCLAD versus traditional injections. J Clin 
Pediatr Dent; 34: 217–222, 2010.

10. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Loannidis 
JP, Clarke M, Devereaux PJ, Kleijnen J, Moher D. The PRISMA state-
ment for reporting systematic reviews and meta-analyses of studies that 
evaluate health care interventions: Explanation and elaboration. J Clin 
Epidemiol; 62: e1–e34, 2009.

11. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, 
Shekelle P, Stewart LA, PRISMA-P Group. Preferred reporting items for 
systematic review and meta-analysis protocols (PRISMA-P) 2015 state-
ment. Syst Rev; 4: 1–9, 2015.

12. Higgins J, Green S. Cochrane Handbook for Systematic Reviews of 
Interventions Version 5.1.0. 5.1 ed. John Wiley & Sons, Ltd.; 614, 2011.

13. OCEBM. Explanation of the 2011 Oxford Centre for Evidence-Based 
Medicine (OCEBM) levels of evidence. Available at: https://www.cebm.
net/2011/06/explanation-2011-ocebm-levels-evidence/. [Date accessed: 
February 15, 2020].

14. Pozos-Guillén A, García-Flores A, Esparza-Villalpando V, Garro-
cho-Rangel A. Intracanal irrigants for pulpectomy in primary teeth: A 
systematic review and meta-analysis. Int J Paediatr Dent; 26: 412–425, 
2016.

15. Al Amoudi N, Feda M, Sharaf A, Hanno A, Farsi N. Assessment of the 
anesthetic effectiveness of anterior and middle superior alveolar injection 
using a computerized device versus traditional technique in children. J 
Clin Pediatr Dent; 33: 97–102, 2008.

16. Alamoudi NM, Baghlaf KK, Elashiry EA, Farsi NM, El Derwi DA, 
Bayoumi AM. The effectiveness of computerized anesthesia in primary 
mandibular molar pulpotomy: A randomized controlled trial Quintes-
sence Int; 47: 217–224, 2016.

17. Asarch T, Allen K, Petersen B, Beiraghi S. Efficacy of a computerized 
local anesthesia device in pediatric dentistry. Pediatr Dent; 21: 421–424, 
1999.

18. Baghlaf K, Alamoudi N, Elashiry E, Farsi N, El Derwi DA, Abdullah 
AM. The pain-related behavior and pain perception associated with 
computerized anesthesia in pulpotomies of mandibular primary molars: A 
randomized controlled trial. Quintessence Int; 46: 799–806, 2015.

19. Deepak V, Reddy-Challa R, Kamatham R, Nuvvula S. Comparison of 
a new auto-controlled injection system with traditional syringe for 

mandibular infiltration in children: A randomized clinical trial. Anesth 
Essays Res; 11: 431–438, 2017.

20. Garret-Bernardin A, Cantile T, D’Anto V, Galanakis A, Fauxpoint G, 
Ferrazzano GF, De Rosa S, Vallogini G, Romeo U, Galeotti A. Pain expe-
rience and behavior management in pediatric dentistry: A comparison 
between traditional local anesthesia and the Wand computerized delivery 
system. Pain Res Manag; 2017: 1–7, 2017.

21. Goyal R, Nandlal B, Prashanth. Pain perception and procedural tolerance 
with computer controlled and conventional local anesthetic technique: An 
in vivo comparative study. Ind J Pain; 28: 143–148, 2014.

22. Kandiah P, Tahmassebi JF. Comparing the onset of maxillary infiltration 
local anaesthesia and pain experience using the conventional technique 
vs. the Wand in children. Br Dent J; 213: E1–E5, 2012.

23. Koyuturk AE, Avsar A, Sumer M. Efficacy of dental practitioners in 
injection techniques: Computerized device and traditional syringe. Quin-
tessence Int; 40: 73–77, 2009.

24. Kusku OO, Akyuz S. Is the injection device or the anxiety experienced 
that causes pain during dental local anesthesia? Int J Paediatr Dent; 18: 
139–145, 2008.

25. Langthasa M, Yeluri R, Jain AA, Munshi AK. Comparison of the pain 
perception in children using comfort control syringe and a conventional 
injection technique during pediatric dental procedures. J Ind Soc Pedod 
Pediatr Dent; 30: 323–328, 2012.

26. Maldonado-Ramírez MA, Reyes-Flores R, Isassi-Hernández H, Azuara-
Flores EE. Conventional dental anesthesia vs computer-controlled dental 
anesthesia: Experimental study. Int J Curr Res; 9: 53985–53988, 2017.

27. Mittal M, Chopra R, Kumar A, Srivastava D. Comparison of pain percep-
tion using conventional versus computer-controlled intraligamentary 
local anesthetic injection for extraction of primary molars. Anesth Prog; 
66: 69–76, 2019.

28. Palm AM, Kirkegaard U, Poulsen S. The Wand versus traditional injec-
tion for mandibular nerve block in children and adolescents: Perceived 
pain and time of onset. Pediatr Dent; 26: 481–484, 2004.

29. Patini R, Staderini F, Cantiani M, Camodeca A, Guclielmi F, Gallenzi 
P. Dental ansesthesia for children – effects of a computer-controlled 
delivery system on pain and heart rate: A randomized clinical trial. Brit J 
Oral Maxillofac Surg; 56: 744–749, 2018.

30. Queiroz AM, Carvalho AB, Censi LL, et al. Stress and anxiety in children 
after the use of computerized dental anesthesia. Braz Dent J; 26: 303–307, 
2015.

31. Ram D, Peretz B. The assessment of pain sensation during local anes-
thesia using a computerized local anesthesia (Wand) and a conventional 
syringe. J Dent Child; 70: 130–133, 2003.

32. Ram D, Kassirer J. Assessment of a palatal approach-anterior superior 
alveolar (P-ASA) nerve block with the Wand® in paediatric dental 
patients. Int J Paediatr Dent; 16: 348–351, 2006.

33. San Martín-López AL, Garrigos-Esparza LD, Torre-Delgadillo G, 
Gordillo-Moscoso A, Hernandez-Sierra JF, Pozos-Guillén AJ. Clinical 
comparison of pain perception rates between computerized local anes-
thesia and conventional syringe in pediatric patients. J Clin Pediatr Dent; 
29: 239–243, 2005.

34. Tahmassebi JF, Nikolaou M, Duggal MS. A comparison of pain and 
anxiety associated with the administration of maxillary local analgesia 
with Wand and conventional technique. Eur Arch Paediatr Dent; 10: 
77–82, 2009.

35. Versloot J, Veerkamp JSJ, Hoogstraten J. Computerized anesthesia 
delivery system vs. traditional syringe: comparing pain and pain-related 
behavior in children. Eur J Oral Sci; 113: 488–493, 2005.

36. Versloot J, Veerkamp JSJ, Hoogstraten. Pain behaviour and distress in 
children during two sequential dental visits: comparing a computerised 
anaesthesia delivery system and a traditional syringe. Brit Dent J; 205: 
E2; discussion 30–31, 2008.

37. Yogesh-Kumar TD, Jhon JB, Asokan S, Geetha Priya PR, Punithavathy 
R, Praburajan V. Behavioral response and pain perception to computer 
controlled local anesthesia delivery system and cartridge syringe. J Ind 
Soc Pedod Prev Dent; 33: 223–228, 2015.

38. Yogesh-Kumar TD, Asokan S, John BJ, Pollachi-Ramakrishnan G, 
Ramachandran P. Cartridge syringe vs computer controlled local 

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Pain and Anxiety Levels Using Conventional versus Computer-Controlled Local Anesthetic Systems

The Journal of Clinical Pediatric Dentistry     Volume 44, Number 6/2020 doi 10.17796/1053-4625-44.6.1   399

reduce injection pain of palatal local infiltration anesthesia in children. 
Turkiye Klinikleri J Dental Sci; 21: 207–215, 2015.

51. Smaïl-Faugeron V, Muller-Bolla M, Jean-Luis S, Courson F. Evalua-
tion of intraosseous computerized injection system (QuickSleeper™) 
vs conventional infiltration anaesthesia in paediatric oral health care: 
A multicentre, single‐blind, combined split‐mouth and parallel‐arm 
randomized controlled trial. Int J Paediatr Dent; 29: 573–584, 2019.

52. van Dinter N, van Maanen EJ, Versloot J. Children’s discomfort while 
giving local anesthesia Comparison of an automated system and tradi-
tional method. Ned Tijdschr Tandheelkd; 4: 137–141, 2006.

53. Zhao QM, Hongling XL. Application of local anesthesia injection system 
under computer control in children. West China J Stomatol; 29: 1–5, 2011.

54. Yesilyurt C, Bulut G, Taşdemir T. Pain perception during inferior alveolar 
injection administered with the Wand or conventional syringe. Br Dent J; 
205: E10; discussion 258–259, 2008.

55. Sivaramakrishnan G, Sridharan K, Local anaesthetic drug administra-
tion in dentistry using computer assisted anaesthetic delivery system: a 
systematic review. Open Dent J; 10: 454–459, 2016.

56. Kwak EJ, Pang NS, Cho JH, Jung BY, Kim KD, Park W. Computer-con-
trolled local anesthetic delivery for painless anesthesia: a literature 
review. J Dent Anesth Pain Med; 16: 81–88, 2016.

57. Kahsay H. Assessment and treatment of pain in pediatric patients. Curr 
Pediatr Res; 21: 148–157, 2017.

58. Baghlaf K, Elashiry E, Alamoudi N. Computerized intraligamental anes-
thesia in children: A review of clinical considerations. J Dent Anesth Pain 
Med; 18: 194–204, 2018.

anesthetic delivery system: Pain related behaviour over two sequential 
visits – a randomized controlled trial. J Clin Exp Dent; 7: e513–e518, 
2015.

39. Ching D, Finkelman M, Loo CY. Effect of the DentalVibe injection 
system on pain during local anesthesia injection in adolescent patients. 
Pediatr Dent; 36: 51–55, 2014.

40. Elbay M, Sermet-Elbay U, Yildirim S, Ugurluel C, Kaya C, Baydemir C. 
Comparison of injection pain caused by the DentalVibe injection system 
versus a traditional syringe for inferior alveolar nerve block anaesthesia 
in paediatric patients. Eur J Paediatr Dent; 16: 123–128, 2015.

41. Raslan N, Masri R. A randomized clinical trial to compare pain 
levels during three types of oral anesthetic injections and the effect 
of DentalVibe® on injection pain in children. Int J Paediatr Dent; 28: 
102–110, 2018.

42. Roeber B, Wallace DP, Rothe V, Salama F, Allen KD. Evaluation of the 
effects of the VibraJect attachment on pain in children receiving local 
anesthesia. Pediatr Dent; 33: 46–50, 2011.

43. Şermet Elbay Ü, Elbay M, Yıldırım S, Kaya C, Ugurluel C, Baydemir 
C. Evaluation of the injection pain with the use of DentalVibe injection 
system during supraperiosteal anaesthesia in children: a randomised 
clinical trial. Int J Paediatr Dent; 26: 336–345, 2016.

44. Tung J, Carillo C, Udin R, Wilson M, Tanbonliong T. Clinical perfor-
mance of the DentalVibe® injection system on pain perception during 
local anesthesia in children. J Dent Child; 85: 51–57, 2018.

45. Bansal N, Saha S, Jaiswai JN, Samadi F. Pain elimination during injection 
with newer electronic devices: A comparative evaluation in children. Int J 
Clin Pediatr Dent; 7: 71–76, 2014.

46. Choudhari SR, Solanki PJ, Vispute GK, Goyal SP, Bharti KD, Verma BS. 
Efficacy of transcutaneous electronic nerve stimulation in alleviating pain 
during inferior alveolar nerve block injections in pediatric dentistry. Int J 
Pedodont Rehabil; 2: 69–72, 2017.

47. Nieuwenhizen J, Hembrecht EJ, Artman IH, Krikken J, Veerkamp JS. 
Comparison of two computerized anaesthesia delivery systems: pain and 
pain-related behaviour in children during a dental injection. Eur Arch 
Paediatr Dent; 14: 9–13, 2013.

48. Oztas N, Ulusu T, Bodur H, Dogan C. The Wand in pulp therapy: An 
alternative to inferior alveolar nerve block. Quintessence Int; 36: 
559–564, 2005.

49. Ran D, Peretz B. Assessing the pain reaction of children receiving peri-
odontal ligament anesthesia using a computerized device (Wand). J Clin 
Pediatr Dent; 27: 247–250, 2003.

50. Şermet Elbay Ü, Elbay M, Kaya C, Ugurluel C, Baydemir C. The efficacy 
of DentalVibe injection comfort system producing vibration impulse to 

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/44/6/371/2694286/i1053-4628-44-6-371.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022


