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This study was conducted to determine how precooling reduces the subjective reported pain and objective
pain and to evaluate the effectiveness of precooling the injection site before administration of local anesthesia
in children. Electronic databases (PubMed, Ovid SP, Cochrane Central Register of Controlled Ttials) were searched
for publications from 1980 to 2020. Studies were screened for titles and abstracts, followed by full-text evaluation
of included reports. Six studies were included in this systematic review. The primary outcome evaluated was
the pain perception or the subjective pain reported by the child receiving the injection. The secondaty outcome
evaluated was objective pain evaluated in each study. Among 5 studies that evaluated child reported pain scores
on a visual analogue scale (VAS), 4 studies reported lower scores in the precooling group and one study reported
a higher VAS score in the precooling group than in children treated with 20% benzocaine topical anesthesia.
Among 6 studies that evaluated the pain reaction of children by Sound Eye Motor (SEM) score, 4 studies
reported a lower SEM score in the precooling group, one study reported no significant difference between
the precooling and control groups, and one study reported higher SEM scotes in the precooling group than
in children treated with 20% benzocaine topical anesthesia. Within the limits of this systematic review, evidence
suggests that precooling the injection site with ice can be an effective adjunct to topical anesthesia in reducing
both subjective and objective pain during local anesthesia administration in children.
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INTRODUCTION

Administration of local anesthesia is one of the most
feared dental procedures by the patient [1]. The pain
perceived during local anesthesia administration in
children is mitigated by various methods such as
application of topical anesthetics [2], camouflaging of the
syringe [3.4], distraction with audio-visual glasses [5],
modification of the local anesthetic solution [6,7], and
counter-stimulation. Vibration, pressure application, and

pre-cooling [8] are different types of counter-stimulatory
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measures to reduce pain perception during local anesthesia
administration.

Although precooling is used for medical procedures such
as venepunctures and immunizations, it has not been
routinely used in dentistry [9]. Precooling with ice before
palatal injection was first proposed by Henry Harbert in
1989 [10]. Duncan et al. reported on the effects of precooling
with refrigerant spray for palatal injections in adults [11].

Kosaraju and Vandewalle compared a refrigerant spray
with administration of 20% benzocaine for evaluation of
pain due to palatal anesthesia administration in adults and

reported precooling with refrigerant spray to be an
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effective method for pain reduction of palatal anesthesia
administration in adults [12]. Several authors reported
iced-cotton bud to be an effective precooling agent for
the reduction of pain during palatal anesthesia admini-
stration [13]. However, one study reported adverse effects
in form of palatal necrosis due to the application of
refrigerant spray for 10 seconds [14].

There are only few studies on the effectiveness of
precooling in children. The present systematic review
aims to evaluate the literature regarding the effectiveness
of precooling before local anesthesia administration in

children.

METHODS

1. Protocol and registration

Prospero-awaiting registration-acknowledgement-ID:
182283. This study is in accordance with the PRISMA
guidelines.

The search strategy was conducted using the
population, intervention, comparison, and outcome
(PICO) framework, based on the following question.
“Does precooling before local anesthesia administration
have any influence on pain perception and pain reaction
in children?”” The PICO search strategy of the systematic
review was as follows: [P] patient: children aged between
3 and 17 years; [I] intervention: precooling at the
injection site before local anesthesia administration
(infiltration, block, maxilla, or mandible); [C] compa-
rison: No-precooling. [O] outcome of interest: subjective
and objective pain.

Children aged between 3 and 17 years who were
undergoing local anesthesia (supraperiosteal or block
injections) were selected. The intervention consisted of
precooling the injection site before local anesthesia
administration. Controls were patients who received
injections without precooling, or patients who received
another form of intervention.

An electronic search was performed in three databases,
namely PubMed, Ovid SP, and Cochrane. The search was
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conducted from publication year 1980 to 2020. The last
search was performed on 30 March 2020. Only Articles
published in English were included. The search was based
on the pre-specified question using relevant MeSH terms,

((((precooling) or
injection)) and dental.

cooling)) and ((anesthesia) or

2. Eligibility criteria

Randomized controlled clinical trials, in which
precooling before local anesthesia administration was
performed were included. Non- randomized studies or
non-controlled clinical trials, comparative studies,
technical notes, case reports, narrative reviews, and
systematic reviews and articles articles that are not
available in English were excluded. Studies combining
precooling with other counter stimulatory methods were
also excluded.

Initially, studies obtained after comprehensive MeSH
terms search were imported to Zotero (wWww.zotero.org)
from all the databases, and exclusion of duplicates was
performed, and then a screening of titles and abstracts
was carried out. Potential articles were then included for
a full review. Data extraction and data analysis was
performed by two independent reviewers and was
recorded on excel. The data contained information
regarding author names and year of publication, study
design, number of participants, age, intervention, control,
and outcome. The primary outcome measure sought for
was ‘“Pain perception,” i.e., self-reported pain score of
children measured by the visual analog scale (VAS).
Secondary outcome included was “Pain reaction” i.e. pain
observed and scored by the operator was measured with
sound, eye, and motor scale (SEM). Means and standard

deviations were collected from individual studies.
3. Data synthesis

Data (mean and SD) of VAS and SEM was not reported
in most of the studies, hence only qualitative analysis of

selected studies was performed.
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Table 1. Excluded studies with reasons

No. Excluded articles Reason for Exclusion

1. Bilsin 2020 [15] Extra-oral cooling used along with vibration
2. Jayasuriya 2017 [13] Technical note and not a randomized trial
3. Bhadauria 2017 [16] Study is on adult subjects

4. Johnson 2003 [17] Adult subjects with palatal mucosa
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Fig. 1. PRISMA 2009 flow diagram

blinding of outcome assessment, completeness of

4. Risk-of-bias assessment . .
outcome data, selective reporting of outcomes, and other

The methodological quality assessment of the included
articles was conducted independently by two review team
members using the Cochrane Collaboration's criteria.
Quality of all selected trials was assessed for risk of bias
under seven domains: sequence generation, allocation

concealment, blinding of participants and personnel,

sources of bias. Studies with seven domains of low bias
risk were classified into a low risk of bias group. If one
or more domain presented a high risk of bias, these
studies were categorized as having high risk of bias;
otherwise, the study was categorized as having unclear

risk of bias.
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Table 2. Characteristics of Included studies

Sno  Author-year  Study design  Sample Type of Intervention Coolant ~ Duration of ~ Neede  Measuring SEM VAS Qutcomes
characteristics injection  characteristic and  used pecooing  gauge  Scales
comparison  groups injection site
1. Vafaei 2019 Randomized 99 Children  Buccal G1: (1=33) counter loe and Mot mentioned 25 gauge  VAS Mean and SD values were Mean and SD values were Benzocaine was better
[18 trial aed 6-10 years  infiliration-  imtation versus 20%  Tetra-fluoro SEM not mentioned anywhere not mentioned anywhere  compered to al the other
Split mouth maxlary  benzocaine -gthane in the article. in the article. groups followed by
design G & primary counter initation by
G2 3 molar G2 (n=33) lce Median SEM values for ~ Median VAS values for  vibation, ice precooling
G 3 precooling versus benzocaine is 4, ice  benzocaine is 1, ice  group
20% benzocaine precooling group is 5, precooling group is 2,
refrigerant preccoling  refrigerant preccoling  lee precooling better then
G (=33 group is 6. group is 5. refrigerant spray
Refrigerant versus
20% benzocaine
2 Bose 2019 Rendomized 100 Chicken  Infittration ~ Total 100 Precodling Ice 60 seconds Mot VAS Mean and 3D values were  Mean and SD values were  Pre-Cooling better in
19 trial aged & Bock  (no topical) mentioned  SEM not mentioned anywhere  not mentioned anywhere - reducing pain for both
Split mouth 614 years in the article . Wicoxon in the article Infitration and block
design G1: 50 Total 100 signed rank test wes used  VAS scores significantly
(G2 50 No-precodling and rank score lower for precodling group
no topical) Sound eye motor scores for both block injections
were lower for precdling (2 score-4.974:
compared to without P value < 0.001) as well
precodling (z- vele -3, s infilrations
574, -2.23) (Pvalues  (Z score -5.49
were 003, .000, .025) for ; P value < 0.001)
SEM, respectively
3. Hameed 2018 Split mouth 50 Childlen  IANB G1: precooling only  Tetrafluoro 10 seconds 26 gauge  VAS Mean and D values were Mean and SD values were  Refrigerant precooling
] design aged 810 years (2: lignocaine spray  -gthane SEM not provided directly and not provided directly and better than lingo spray
50- precaaling only was caloulated from the  was calculated from the  (percentage
50- lignocaine table. Mean SEM for  table Mean VAS for ~ concentration of spray
spray Lignocaine group was 142 Lignocaine group not mentioned)
182 adforice 214 = 134 and ice
precooling group was 1.2 precooling group was 152
+ 1.52. Not significantly = 1.3, Significantly lower
lower SEM scores were  VAS soores were obsenved
observed in the precooling in' precoaling group
group (P < 0.05)
(P> 005)
4. Ghaderi 2013 Rendomized 50 chicfen aged  Buccal 50 - Precooling+ lce 60 seconds 27 gauge  VAS The mean SEM scores for - The mean VAS scores for  lce precodling wes better
[20] trial 810 years infilration ~ 20% benzocaine SEM precodling group wes 406 precooling group wes 4.22
Split mouth For maxillary = 1.32 and for control = 1.27 and for control
design region 50 - 20% group was 544 = 1.79. group was
Benzocaine only Significantly lower SEM 5,84 = 1.68. Signficantly
scores were observed in - lower VAS scores were
the precooling group  obsenved in the precooling
P <005 group
(P < 0.0)
5. lathwal 2013 Randomised 160 children  Block GT: lee vs leand 60 seconds 25 gauge VAS The mean SEMI scores for - The mean VAS scores for  loe cone precodling better
2 trial aged njection orly - benzocaing Tetrafluoro  with ice SEM precooling with ice group  precooling with ice group  than Refrigerant and
Split mouth 58 years -gthane was 4.5 = 2.18 and for wes 24 (SD not provided)  benzocaine
design G2: Refrigerant vs 5 seconds for contral group wes 540 =+ and for refrigerant group
benzocaing refrigerant 213. Significantly lower  wes 38 (SD not provided)
precooling SEM scores were obsenved  and for control group was
group in the precooling group 4.0 (SD not provided).

(P < 0.05)

The mean SEM scores for
precooling with refrigerant
group wes 5.4 (SD not

Intergroup comparison of
VAS scores between ice
precooling and refrigerant
precooling shows
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proviced) and for control ~ significantly lower scores
group was 540 = 213, with ice group in

difference was not comparison to refrigerant
significant. group
(P < 0.006

Intergroup comparison of
SEM scores between ice
precooling and refrigerant
precooling shows
significantly lower scores
in the ice group to
refrigerant. group
comparison

(P < 0003)

6. Amnabad  Randomised 160 chiden  IANB G1:Counterstimulati ~ Ice
2009 control il aged on -+ Topical spray application
22 56 years (2: lee + topical

spray

120 seconds

27 gauge  SEM Mean SEM for precooling -Not measured- Ioe precodling was better
with ice group was 1.47

(SD not provided) and for

oontrol group vies 285 (D

not proviced). Signficantly

lower SEM scores were

observed in precooling

with group (P < 0.05)

*Abbreviations used in this table: WB- FPR Scale, The Wong Baker FACES scale; VAS scale, visual analogue scale; SEM scale, Sound, eye, motor scale; G, group 1; G2, group 2; G3, group 3

RESULTS

In all the databases, 1181 records were found, of which
3 were duplicates. After removal of the duplicate articles,
a total of 1178 records were screened for title and
abstract. Full texts of 10 potentially relevant papers were
evaluated, of which 4 were excluded [13,15-17] (Reasons
for exclusion is provided in Table 1). Consequently, 6
studies were included in this final systematic review [8,
18-22]. A flowchart of the search results is presented in
Fig. 1.

Characteristics of included studies: The characteristics
of the included studies are shown in Table 2. All the six
studies published between 2009 and 2019 are split-mouth
crossover trials [8,18-21], except one study, which is a
randomized control trial [22].

Risk of Bias: Risk of bias (Fig. 2) was evaluated
according to Cochrane guidelines. Randomization was
mentioned in most of the studies (n = 5). Blinding of
participants was not possible with these studies as
precooling can be felt by the children. Blinding of
outcome assessment was performed only in two studies

[18,22]. Low risk of bias was found only for parameters

Aminabadi 2009

Bose 2019

Ghaderi 2013

Hameed 2018

Lathwal 2015

® O O @ ®|@ | selective reporting (reporting bias)

‘ . . . . . Incomplete outcome data (attrition bias)
. . . . . . Other bias

® ® O ®| ®| ® |Rrandomsequence generation (selection bias)

® ® O O O ®)|Aiocation concealment (selection bias)

QO O O O O O | nsbinding of participants and personnel (performance bias)
® O O O O O nsinding of outcome assessment (detection bias)

Vafaei 2019

Fig. 2. Risk of bias summary

such as incomplete outcome data (attrition bias) and

selective reporting (bias reporting) in all the included

http://www.jdapm.org 123



Sunny Priyatham Tirupathi & Srinitya Rajasekhar

studies (n = 6). The overall risk of bias is high in all
the included studies.

DISCUSSION

A total of 6 studies were included for the final review.
Among them, 5 studies followed the split-mouth design
[8,18-21] except the study conducted by Aminabadi and
Farahani [22]. The age of the children in the included
studies ranged from 5 to 14 years.

Only precooling of the injection site without the use
of any topical anesthesia before local anesthesia
administration was reported in 4 studies [8,18,19,21].
Precooling in combination with topical anesthesia (benzo-
caine) was used in 2 studies [20,22]. Precooling in all
the included studies was achieved by using ice [19,20,
22] or refrigerant spray [8,18,21]. Both the precooling
agents (ice and refrigerant spray) were used in studies
by Vafaei et al. and Lathwal et al. [18,21]. Precooling
interventions were compared to controls such as: topical
anesthesia [8,18,20,21]; vibratory counter stimulation
[18] or both topical anesthesia and counter stimulation
[22] or none (no precooling, no topical, no counter
stimulation) [19]. The duration of precooling injection site
ranged between 60-120 seconds for ice group [19-22] and
5-10 seconds for the refrigerant group [8,21]. The gauge
of the needle used differed among included studies:
25-gauge [18,21], 26-gauge [8], 27-gauge [20,22]. Injection
site also varied and was either maxilla [18,20] or
mandible only [8,22] or both jaws [19,21]. Injection type
varied from infiltration only [18,20]; block only [8,21,22]
and both infiltration and block [19].

1. Effects of Precooling interventions before local
anesthesia administration on subjective pain in
children [primary outcome]

The majority of included studies (n = 5) evaluated the
reported subjective pain. The measure of scale used to
evaluate subjective pain was VAS in these included
studies [8,18-21]. The study by Aminabadi and Farahani
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did not evaluate the subjective pain [22].

Precooling versus Control (no topical anesthesia, no
counter- stimulation): In the study by Bose et al,
significantly lower VAS scores were reported for the ice
precooling group than for the control group for both block
injections (Z-score: -4.974; P value < 0.001) as well as
infiltrations (Z-score: -5.49; P value < 0.001) [19].

Precooling versus Topical anesthetic: Among the three
studies comparing precooling versus topical anesthesia
[8,18,21], the study by Hameed et al. compared ice
application with lignocaine spray [8], whereas two further
studies (Vafaei et al. and Lathwal et al.) used both ice
and refrigerant to compare against benzocaine topical
anesthetic [18,21]. In the study by Hameed et al., Mean
and SD values of the VAS scores were not provided
directly and were calculated from the table. Lower VAS
scores were observed in the ice precooling group (1.52
+ 1.3) compared to the lignocaine topical anesthesia
group (2.14 £ 1.34) (P < 0.05) [8]. The studies by Vafaei
et al. and Lathwal et al., comparing precooling versus
topical anesthetic, exhibited differences as well as
similarities of results in terms of VAS scores. In the study
by Vafaei et al., the VAS scores reported were signifi-
cantly lower in topical anesthesia group (median VAS
value -1) in comparison to precooling with either ice
(median VAS value -2) or refrigerant (median VAS value
-5) [18], contradictory, the study by Lathwal et al.
reported significantly lower VAS scores for ice pre-
cooling group than refrigerant precooling or topical
anesthesia group. The results may differ due to the
different injection sites (infiltration in study by Vafaei
et al. and block injections in study by Lathwal et al.).
One similarity in both the studies (Vafaei et al. and
Lathwal et al.) was that intergroup comparison revealed
lower VAS scores in the ice precooling group than in
the refrigerant precooling group [18,21].

Precooling + Topical anesthetic versus Topical
anesthetic only: Lower VAS scores were exhibited in
precooling + 20% benzocaine group (4.22 £+ 1.27) in
comparison to 20% benzocaine only group (5.84 + 1.68),
and difference was significant (P < 0.05) [20].
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Overall, among all the five studies evaluated for VAS
score, four studies reported significantly lower VAS
scores for precooling group [8,19-21], one study reported
higher VAS scores in precooling group [18].

2. Effects of Precooling interventions before local
anesthesia administration on objective pain of child
[secondary outcome]

All the six included studies evaluated pain reaction of
child with SEM scale [8,18-22]. Precooling versus
Control (no topical anesthesia, no counter-stimulation):
In the study by Bose et al., significantly lower SEM
scores were reported for ice precooling group in
comparison to control group for both block injections and
infiltrations (z- value -3, -5.74, -2.23) (P-value .003, .000,
.025) [19].

Precooling versus topical anesthetic: Among the three
studies comparing SEM scores of precooling versus
topical anesthesia [8,18,21], the study by Lathwal et al.
reported lower SEM scores for the ice precooling group,
whereas the study by Vafaei et al. reported lower SEM
scores for the benzocaine group, and the study by Hameed
et al. reported no significant differences between ice
precooling and topical anesthesia (lignocaine spray)
group [8,18,21].

Precooling + topical anesthetic versus topical
anesthetic only: Significantly lower SEM scores were
reported in precooling + 20% benzocaine group (4.06 +
1.32) in comparison to 20% benzocaine only group (5.44
+ 1.79.) (P < 0.05) [20]. Precooling + topical anesthetic
versus topical anesthetic + counter-stimulation: Signifi-
cantly lower SEM scores were reported in precooling +
20% benzocaine group (mean SEM-1.47) in comparison
to 20% benzocaine + counter-stimulation group (mean
SEM-2.85) (P < 0.05) [22].

Among all 6 studies evaluated for SEM score, 4 studies
reported significantly lower SEM scores in the precooling
group [19-22], in a single study this difference was not
significant [8], and one study reported higher SEM scores
in the precooling group [18].

3. Summary of evidence

This systematic review evaluated subjective pain
reported and objective pain evaluated when precooling
was used as intervention prior to administering local
anesthesia in children. Based on the available evidence,
precooling is a viable option for reduction of pain
during local anesthesia administration.

Limitations of this review: This review had several
limitations. First, all 6 studies measured VAS and SEM,
but mean and standard deviations were only presented
in one study [20]. In all the other studies means and
standard deviations were not mentioned directly and
attempts to contact the authors failed. Hence, the pooling
of data for a meta-analysis was not possible. Second, the
injection site for local anesthesia administration and the
needle gauge, was not standardized. Several studies
evaluated block injections [IANB] only [8,22], whereas
other studies evaluated the combination of infiltrations
and block injections [18,19].

CONCLUSIONS

Based on the discussion following conclusions can be

made:

1. The use of precooling as an adjunct (if not
alternative) to topical anesthesia before local
anesthesia administration can be an effective
measure in reducing pain. Further studies are
required to validate this observation.

2. Precooling with ice is more effective than with
refrigerant spray.

3. Risk-of-bias is high in most of the studies. Hence,

the quality of evidence is low.
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