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related pain: a systematic review of randomized
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Oral flavored solutions are effective for pain management. The intraoral application of sweet solutions at the
injection site or on the tongue before local anesthetic administration leads to lower self-perceived pain than
any other intervention. This systematic review aimed to evaluate the effect of sweet taste on injection pain
in patients undergoing dental procedures. This systematic review was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) under registration number CRD42024571962 and followed the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). An initial electronic search
without a time limit up to September 2024 revealed 1,087 studies from indexed databases (PubMed, Scopus,
Embase, Cochrane, and Web of Science). The Cochrane Bias Assessment Tool was used to evaluate the risk
of bias. After eliminating duplicate and automated records, 103 studies were screened for inclusion. After reviewing
the titles and abstracts and assessing the eligibility of the studies, three were excluded and eight RCTs were
considered appropriate for inclusion and analysis. This review highlights that all the included studies reported
significantly reduced pain perception after sweet solutions, regardless of the specific type or concentration.
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INTRODUCTION

Dental injections cause significant pain, discomfort, and
anxiety. Anxiety in patients is associated with increased
duration and intensity of pain [1]. Needle-related pain is
an essential issue in dental practice, especially in the
pediatric population. This can lead to a negative attitude
toward oral health and resistance to subsequent dental visits.
Previous studies have demonstrated a bidirectional
relationship between pain and anxiety [2]. Pain related
to dental injections is associated with several factors,

including the type of anesthetic, location of injection,

technique of administration of anesthesia, use of surface
anesthesia, and psychological factors [1]. The application
of topical anesthetics as a desensitization method has
remained consistent over the years. Topical anesthetics
target free nerve endings in the mucosa and reversibly
block impulses in that area, leading to a temporary loss
of sensation. Nerve conduction is regulated by the decreased
permeability of sodium ions, resulting in reduced
depolarization and hence loss of action potential [3].
Previous studies have proposed alternative methods to
reduce injection pain, such as cryotherapy, manipulation
of the injection rate, and use of warm anesthetic solutions

and vibrations, among other innovative solutions.
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Non-pharmacological pain management methods are
critical in dental settings because of the anxiety and fear
related to injections, particularly in the pediatric population.

Oral sucrose and other sweet-tasting or flavored
solutions have been demonstrated to be practical means
of pain management. Sweet-tasting analgesia before
injection is adequate for tongue contact and does not
necessarily require ingestion [4]. Several studies have
explained the mechanism of action of sweet solutions that
contribute to pain management. Sweet-tasting solutions
increase beta-endorphin levels, which mediate the release
of endogenous opioids, resulting in the subsequent
reduction of pain. Endogenous opioids are neuro-
modulators that alter the electrical properties of the target
neurons and reduce their excitability [5]. A previous
review has indicated the effectiveness of sweet tastes in
children. The

interventions encompassed various medical procedures,

relieving needle-related pain in
such as heel pricks, venous blood draws, finger pricks,

and injections administered subcutaneously or
intramuscularly [6]. An extensive literature review
suggested that pain alleviation through sweet solutions
is possible. The intraoral application of sweet solutions
at the injection site or on the tongue before local
anesthetic delivery leads to lower self-perceived pain than
other interventions [7-9]. However, whether they can be
implemented in clinical practice and are more effective
for pain alleviation during dental injections remains
debatable. This systematic review aimed to assess the
effects of sweet solutions on dental injection-related pain

in patients undergoing dental procedures.

METHODS

1. Reporting format

This systematic review was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO)
CRD42024571962 and compiled according to the

Preferred Reporting Items for Systematic Reviews and

under registration number
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Meta-analyses (PRISMA) guidelines. A meta-analysis
was not performed because of the significant hetero-

geneity among the included studies.
2. Focused question

“Are preemptive sweet solutions effective in alleviating

pain associated with dental injections?”
3. Patients, interventions, control, outcome (PICO)

(P) Patients undergoing any dental procedure under
local anesthesia (injections); (I) Sweet solutions; (C)
Topical anesthetic or any other intervention; (O)
Perceived Pain; (S) Randomized control trials (RCTs).

4. Eligibility criteria

The inclusion criteria were adopted based on the
employed PICO for the study: (i) Population: Children
or adults receiving dental injections; (b) Intervention:
sweet  solutions

Utilization  of irrespective  of

concentration and volume, including non-sucrose
sweeteners; (c) Control: Use of topical anesthetic or any
other intervention; and (d) Outcome: Studies that
compared pain perception in experimental and control
groups using different measurement scales. Only RCTs
were included in this review. Research formats such as
case reports, editorials, retrospective studies, and those
lacking randomization were deemed ineligible for

inclusion.
5. Search strategy and data extraction

An electronic database search was performed. A search
across different scientific engines, including PubMed,
Scopus, Embase, Web of Science, and the Cochrane
Library, was performed with no time limitations until
September 2024. The keywords used for the search were
as follows: 1) sweet solutions, 2) sweetening agents, 3)
dental injection, 4) local anesthesia, 5) injection pain, 6)
children, 7) adults, and (8) analgesic properties of sweet.
All identified keywords were merged using Boolean
operators (OR and AND) to broaden the results (Table
1). After an initial search, the authors (MA and TK)
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Table 1. Search strategy for electronic databases

Database Results
PUBMED 176
(("pain"[All Fields] OR "pain reduction"[All Fields]) AND ('dental injection"[All Fields] OR ('dental health services'[MeSH Terms] OR ('dental"[All
Fields] AND "health"[All Fields] AND "services'[All Fields]) OR "dental health services"[All Fields] OR "dental'[All Fields] OR "dentally"[All Fields]
OR "dentals"[All Fields] OR ‘intraloral'[All Fields]) OR "local anaesthesia"[All Fields] OR "dental anaesthesia"[All Fields]) AND ("sweetening
agents"[All Fields] OR 'flavoring agents"[All Fields] OR "nutritive sweeteners"[All Fields] OR "non-nutritive sweeteners"[All Fields] OR
("xylitol"[MeSH Terms] OR "xylitol"[All Fields] OR "xylitols"[All Fields]) OR ("sucrose"[MeSH Terms] OR "sucrose"[All Fields] OR "sucroses"[All
Fields]) OR ("sweet'[All Fields] OR "sweetness'[All Fields] OR "sweets"[All Fields]) OR ("flavorant"[All Fields] OR "“flavorants'[All Fields] OR
"flavorful'[All Fields] OR "flavoring agents'[Pharmacological Action] OR “flavoring agents'[MeSH Terms] OR ('flavoring"[All Fields] AND
"agents'[All Fields]) OR "flavoring agents"[All Fields] OR "flavor'[All Fields] OR "flavored"[All Fields] OR "flavoring"[All Fields] OR “flavorings"[All
Fields] OR "flavors'[All Fields] OR "“flavour"[All Fields] OR "flavoured'[All Fields] OR "“flavouring"[All Fields] OR "flavourings'[All Fields] OR
"flavours"[All Fields] OR "flavourant'[All Fields] OR "flavourants"[All Fields])))
EMBASE 671
(‘pain’/exp OR 'pain' OR 'pain reduction’/exp OR 'pain reduction' OR 'pain level) AND ('dental injection' OR ‘anesthesia’/exp OR 'anesthesia’
OR 'dental anesthesia’/exp OR 'dental anesthesia' OR 'lidocaine/exp OR 'lidocaine') AND ('sweetening agent/exp OR 'sweetening agent' OR
fructose'/exp OR 'fructose' OR 'xylitol/exp OR 'xylitol' OR ‘flavoring agent/exp OR 'flavoring agent' OR ‘flavor/exp OR 'flavor' OR 'sweet/exp
OR 'sweet)
WEB OF SCIENCE 148
(('pain' OR 'pain reduction’) AND ('dental injection' OR 'local anesthesia' OR 'anesthesia’) AND (‘'sweetening agent' OR 'xylitol' OR 'sucrose'
OR 'flavor'))
COCHRANE 66
('pain' OR 'pain reduction’) AND ('dental injection' OR 'local anesthesia' OR ‘anesthesia’) AND ('sweetening agent' OR 'xylitol' OR 'sucrose'
OR 'flavor')
SCOPUS 24

(pain) AND (dental anesthesia OR lidocaine OR injection) AND (sweet® OR flavor* OR sucrose OR xylitol OR honey)

critically assessed the titles and abstracts of the identified
studies, and a review of pertinent studies was performed
independently. A comprehensive cross-referencing
approach was used, followed by an in-depth manual
examination of the selected review articles to identify
studies that may have been overlooked during the initial
review process. Any discrepancies regarding the potential
inclusion of articles were discussed with a third author
(JK). Two independent authors (MA and TK) retrieved
data from full-text manuscripts according to the inclusion
criteria and compiled them in an Excel sheet. This
facilitated a preliminary understanding of the patient's
profile and identification of potential confounding factors.
Heterogeneity analysis confirmed that the meta-analysis
was not feasible. The data were organized into distinct
tables emphasizing the general characteristics of the
included studies, injection techniques, sweet solutions,

anesthetics, and outcome variables.

RESULTS

1. Study selection and general characteristics of
included studies

An initial search revealed 1,090 studies from multiple
databases (PubMed, Embase, Scopus, Web of Sciences,
and Cochrane). After eliminating duplicate and automated
records, 105 studies were screened for inclusion. Four
studies were excluded after reviewing the titles and
abstracts and assessing the eligibility of the studies, and
eight RCTs were considered appropriate for inclusion and
analysis. This flowchart was based on the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) (Fig. 1). A list of excluded studies with
reasons for exclusion is reported (Table 2). All the
were RCTs

crossover, or split-mouth designs [7-14]. The intervention

included studies with  parallel-group,
arm used sweet solutions at or near the injection site,
whereas the control arm received either any other type
of intervention or no intervention. Five studies used
sucrose [7, 9-12], two used xylitol [7, 8], and two reported
the use of honey [13,14]. Simultaneously, the control arm

included different materials such as distilled and sterile
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Records identified from*:

Databases (n=5)
Pubmed (n =176)
Embase (n = 671)
Scopus (n = 24)

Web of science (n = 148)
Cochrane (n = 66)

Records removed before screening:
Duplicate records removed
(n=79)

\ 4

Records screened
(n=105)

> Records excluded**

Reports sought for retrieval
(n=31)

> Reports not retrieved

A

Reports assessed for eligibility
(n=12)

Studies included in the review
(n=8)

Reports of included studies
(n=8)

Records marked as ineligible by
automation tools (n = 906)

(n=74)

(n=19)

Reports excluded:
Does not match PICO (n = 3)
Notan RCT (n=1)

Fig. 1. Study flowchart based on the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines.
*Consider, if feasable to do so, reporting the number of records identified from each database or register searched (rather than the total number

across all databases/registers).

**|f autamation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.
n, number; PICO, patients, interventions, control, outcome; RCT, randomized controlled trial.

Table 2. List of excluded studies at full-text review with reasons

for exclusion

References

Reasons for exclusion

Shun-ji Shiiba et al. 2011

Focus question not addressed

Deepika A et al. 2012

Focus question not addressed

Ola B. Al Batayneh et al. 2024

Focus question not addressed

Kamalapuram Nirmala et al. 2021

Not an RCT
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water [7,8,10,12,13]. Few studies have compared the
results of cryotherapy, a combination of sweet solutions,
and ethyl chloride spray [8,11,14]. However, a study by
Dhingra et al. [11] used cryotherapy, cryotherapy with
sucrose, and topical anesthetics as the control arm. The
total number of study participants ranged from 30 to 130,
with a mean age of 5.80 + 1.84 years old. Male and
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Table 3. General characteristics of the included studies

' . Mean age or Duration of Sample size Statistical
Author  Study design  Country Subjects (n) M/F 208 e Study group  Control group(s) sty arelysis arlyss
Winnier RCT pilot India 30 Sucrose group-  Sucrose - Sucrose Distilled water 4 months Two-sample means  SPSS v23
gt al. [7]  study M=7F=3 79 + 087 test
Xylitol group- Xylitol- Xyitol
M=5F=5 790 = 0876
Distilled Water Distilled Water-
group- 8.00 + 0.816
M=4F=86
Padmanabh  RCT India 42 Cryoanesthesia: Cryoanesthesia:  Xylitol Cryoanesthesia 4 months Two-sample means  SPSS v.21.0
et al. [8]  three-arm M=7 75 = 0% swegt-tasting test
parallel study F=7 Yyltol: solution Sterile water
Xylitol 771 + 091 group
|;/|_= 77 Sterile water:
B 779 = 089
Sterile water:
M =7
F=7
Ghaderi RCT ran 56 Sucrose group Water group  Sucrose Sterile water ~ NR NR SPSS v18
gt al. [9]  Split mouth M =14 905 + 04
F=1 Sucrose
Water group 9.15 + 062
M=1
F=17
Thambiredd  RCT India 42 Sucrose group-  Sucrose group:  Sucrose Distilled water ~ 6 months G power analysis  SPSS v20
yetal [10] parallel-group M=38 838 = 1.02
F=1 Distled water
Distilled water group:
group- 847 £ 1.21
M=1n
F=10
Dhingra RCT India 132 \R NR Sucrose Cryotherapy: ice NR NR NR
et al. [11]  split-mouth solution cubes
study Cryotherapy +
SUCrose
Topic anesthetic
Ratnaparkhi  RCT India 60 Sucrose group:  Sucrose group:  Sucrose Distilled water ~ NR Two sample means SPSS v23
et al. [12] single-blind M =20 593 £ 1.70 test
ta F=10 Distled water
Distilled Water: ~ group:
M =14 580 + 1.84
F=16
Abbasi RCT Pakistan 90 Ethyl chloride: Ethyl chloride  Honey Precooling with 2 months NR SPSS v25
et al. [14] single-blind M=16F =14 286 + 51 ethyl chloride
triel Honey: Honey No i .
M =16 F =14 276 = 7.29 0 ntervention
No intervention:  No intervention:
M=15F=15 2960 + 648
Janiani RCT India 72 M =52 9 +39 Honey Sterile water 6 months NR SPSS v20.0
et al. [13]  Split mouth F=2
F, female; M, male; n, number; NR, not reported; RCT, randomized controlled trial
female participants were included, except in the study by duration of the included studies varied from 2 to 6 months

Dhingra et al. [11], where sex was not reported. The in five studies [7,8,10,13,14]. The duration was not
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Table 4. Characteristics of the intervention

Authors Intervention  Type of ~ Amount of Route Time Type of control Amount of Time Application ~ Type of dental Injection technique
timing  intervention  intervention solution control anesthesia
solution solution solution
Winnier Before Sucrose  2ml of 30%  Application on 2 min Distilled water ~ NR T min Application on 2% lignocaine ~ Maxillary buccal
et al. [7] topical sucrose tongue tongue with 1:80,000  infiltration
anesthetic ~ Xylitol solution adrenaline
application
at the 2ml of 30%
injection site xylitol solution
Padmanabh  NR Xylitol Hold it in your 2 min  Sterile water ~ 5mL 2 min  Sterile water 2% lignocaine  Any dental
et al. [8] Xylitol: 5mL  mouth and spit group: with 1:2,00,000 procedure
it. Ice pack 2 min Hold it in your  adrenaline
NR mouth and spit it
Ice pack group:
Applied on
injection site
Ghaderi Before the  Sucrose 10 mL of 30% Hold it in your 2 min  Sterile water 10 mlL 2 min Hold it in your 2% Lidocaine  Buccal infiltration
et al. [9] application Sucrose mouth and spit mouth and spit it with 1/80,000 injections
of the solution it Epinephrine
anesthetic
gel
Thambireddy  NR Sucrose 10mL of 30% Hold it in your 2 min Distilled water 10 mL 2 mn Hold it in your 2% lidocaine AN and lingual
et al. [10] sucrose mouth and spit mouth and spit it with 1:100,000 nerve blocks
solution it epinephring (Pulpectomy, root
canal, or extraction
procedures for
primary and
permanent
mandibular molars)
Dhingra NR Sucrose 10mL of 30% Hold and spit 2 min Cryotherapy Ice cubes 2 min Ice cubes: 2% Lidocaine  IAN block (bilateral
et al. [1] solution Placed at the with 1/100,000 extraction of
injection site for 2 epinephrine mandibular primary
min molars)
Lidocaine spray 2% 2min  Lidocaine spray:
Application
through cotton
swab for 2 min
Combination Ice-cream 2 min  Popsicle:
(sucrose+ popsicle Placed at the
cryotherapy) injection site for 2
min
Ratnaparkhi  Before Sucrose  2mL of 30%  Applied onthe 2 min Distilled water  2mlL NR Applied on the 2% lignocaine ~ Buccal infiltration
et al. [12]  topical solution lateral surface lateral surface of with 1:80,000  injections
anesthetic of the tongue the tongue adrenaline (Endodontic
application procedures)
at the
injection site
Abbasi NR Honey 5mL Hold and spit 1 min Ethyl chloride 0.5min  Placed on site of 1:80,000 Buccal infiltration
et al. [14] spray injection lidocaine injections
solution with
epinephring
Janiani NR Honey 5mL Hold and spit 1 min  Sterile water ~ 5mL 1 min Hold and spit 2% lignocaine AN and maxillary
et al. [13] with 1:100,000  infiltration

adrenaline

IAN, Inferior alveolar nerve; NR, not reported.

mentioned [9,11,12] (Table 3).

solution on the tongue [7,12], compared to other studies

in which participants were instructed to hold and spit out

2. General characteristics of a sweet solution, local

anesthesia, and injection techniques

Two studies reported the application of the sweet

88 U Dent Anesth Pain Med 2025 April; 25(2): 83-96

the sweet solution before administration of the dental
injection [8-11,13,14]. Two studies used 2 mL of the 30%

sweet solution for the intervention group [7,12], whereas
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Table 5. Characteristics of the outcome

Authors Who evaluates the  Parameters Time of pain Statistical significance Qutcome
pain assessed gvaluation
Winnier et al. Examiners SEM P = 0.00 Xylitol may be equally effective as sucrose in minimizing pain
[7] After injection and during dental injections
WBFPS rinsing P =000
Padmanabh et al.  Co-investigator ~ VAS After LA injecton P = 0.026 Xylitol solution was better than the control or sterile water
8] group in lowering injection pain but less effective than
SEM During LA injection P = 0.007 cryoanesthesia in reducing the impression of pain.
Ghaderi et al. Dentist VAS NR P < 001 There was less pain and discomfort when receiving a
19] sweet-tasting sucrose solution before injection
SEM P < .001
Thambireddy et al. Assistant AES During LA injection P < .001 Intraoral sweet-tasting sucrose solution could lighten the pain
[10] when administered before dental injection
Dhingra et al. Dentist VAS NR P = 0.00 The least amount of pain is associated with a combination
[ of cryotherapy + sucrose (popsicle) when applied before
SEM P =000 administration of local anesthesia.
FLACC = 0599 (Difference between
sucrose and popsicle group)
P = 0.00 (For all other group
differences)
Ratnaparkhi et al.  Examiner WBFPS After LA injection and P < 0.001 Prior application of sucrose or sweet solution reduces the
2] rinsing pain on injection.
P < 0.001
SEM After LA injection and
rinsing
Abbasi et al. NR VAS NR P < 0.001 Honey can be effectively used as an analgesic agent to decrease
[14] the pain associated with the prick of dental local anesthetic
injections.
Janiani et al. NR WBFPS After LA injecton P = 0.00 Pain values after the honey solution intake were significantly
[13] lower than those of the control group.
SEM After LA injecton P = 0.007

FLACC, face, legs, activity, cry, consolability; LA, local anesthesia; NR, not reported; SEM, sound, eyes and mator; VAS, visual analog scale; WBFPS, \Wong-Baker faces

pain scale.

three studies used 10 mL of the 30% sweet solution
[9-11]. Two studies used 5 mL of honey solution to assess
its effectiveness in pain perception [13,14]. Only one
study used 5 mL of xylitol solution [8]. In all included
studies, the intervention time for sweet solutions ranged
from 1 to 2 min [7-14]. In contrast, the intervention time
for the control arm in seven studies ranged from 0.5 to
2 min; however, Ratnaparkhi et al. [12] did not report
the intervention time for distilled water. Four studies used
topical anesthetics before or after administering the
intervention [7,9,11,12]. At the same time, the four
studies didn’t report the application of topical anesthesia
[8,10,13,14]. All the included RCTs reported the use of
lidocaine with epinephrine [7-14]. Two studies used 2%
lignocaine with 1:80,000 adrenaline [7,12]. Padmanabh
et al. [8] used 2% lignocaine with 1:2,00,000 adrenaline
solution. Janiani et al. [13] used 2% lignocaine with
1:100,000 adrenaline. Two studies used 2% lidocaine and

1/80,000 epinephrine [9,14]. Two studies used 2%
lidocaine with 1/100,000 epinephrine [10,11]. Four
studies reported that buccal infiltration injections were
administered when the pain level was recorded [7,9,12,
4], and one study compared the pain level after inferior
alveolar nerve block and maxillary infiltration [13]. In
contrast, other studies mentioned inferior alveolar nerve
block [10,11] and one study did not mention any specific
injection technique [8] (Table 4).

3. General characteristics of outcomes

All RCTs evaluated pain using different scales, noting
that multiple scales were used in a single study. Six RCTs
used the Sound, Eyes, and Motor (SEM) scale for pain
assessment [7-9,11-13]; four studies reported the use of
the Visual Analog Scale (VAS) [8,9,11,14], and three
studies used the Wong-Baker Faces Pain Scale (WBFPS)

for post-injection pain assessment [7,12,13]. Other pain
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Table 6. Risk of bias in the included studies

Author Randomization Allocation Blinding of Blinding of Incomplete  Selective reporting Other bias Overall
sequence generation  concealment  participants and outcome outcome data  (reporting bias)
(selection bias)  (selection bias) personnel assessment (attrition bias)
(performance bias) (detection bias)

Winnier Low Some concems Low Low Low Low Low Some concems
et al. [7]

Padmanabh  Low Low High Low Low Some concems  Low High

et al. [8]

Ghaderi Low Low High Low Low Some concems ~ Some concerns  High

et al. [9]

Thambireddy  Low High High High Low Low Some concems  High

et al. [10]

Dhingra Some concermns Some concemns  Some concerns  Low Low Low Some concems  Some concerns
et al. [11]

Ratnaparkhi  Low High Low Some concems  Low Low Low High

et al. [12]

Abbasi Low Some concems High High Low Low Some concerns  High

et al. [14]

Janiani Low Low Some concems  Some concems Low Low Some concems  Some concems
et al. [13]

scales were also utilized, including physiological
parameters such as heart and pulse rate, face, legs,
activity, crying, and consolability (FLACC) scale [10,
11]. Three RCTs measured pain only after LA injection
[7,12,13]. A study done by Thambireddy et al. [10]
assessed pain during LA administration. Only one RCT
measured pain during and after dental injection [8].
However, in three studies, the time of pain evaluation
was not reported [9,11,14].

All results indicated that sweet solutions can effectively
decrease dental injection pain (P < 0.05), except in two
cases. The study done by Winnier et al. [7] concluded
that xylitol might be as effective as sucrose in minimizing
pain during dental injections (P = 0.00). Dhingra et al.
[11] indicated that least pain was associated with the
combination of cryotherapy and sucrose (popsicle) when
applied before the administration of local anesthesia. This
difference was significant compared with that of sucrose
(P = 0.00). However, the difference between the sucrose
and popsicle groups was not statistically significant (P
=0.599) [11]. The study by Padmanabh et al. [8] reported
that xylitol solution was better than the control or sterile
water group in lowering injection pain, but less effective
than cryoanesthesia in reducing the impression of pain.
The difference was significant for VAS (P = 0.026).
Studies by Ghaderi et al. [9], Thambireddy et al. [10],

90  J Dent Anesth Pain Med 2025 April; 25(2): 83-96

Ratnaparkhi et al. [12], and Abbasi et al. [14] reported
that sweet solutions significantly reduced pain upon
injection compared to other materials, such as sterile
water, distilled water, and ethyl chloride spray (P <
0.001). These findings are also consistent with the study
conducted by Janiani et al., in which pain levels after
honey intake were significantly lower than those in the
control group on the WBFPS and SEM pain assessment
tools (P < 0.05) [13] (Table 5).

4. Risk of bias

Risk of bias analysis for randomized trials was
performed using the Revised Cochrane RoB tool 2. Bias
was evaluated using criteria, such as random sequence
generation, allocation concealment, selective reporting,
participant and personnel blinding, outcome assessment,
and outcome data integrity. The study bias evaluation
grouped risks into high, low, and areas of concern. The
randomization sequence generation bias was low in all
studies, attributable to the

randomization sequence, lottery method, and block

seven computerized
randomization [7-10,12-14], except in one study that
included 132 participants and described it as randomized.
However, this does not explain the method used for the
random Allocation

sequence  generation  [11].

concealment bias was low in three studies because they
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Randomization Sequence Generation (Selection Bias)

Allocation Concealment (Selection Bias)

Blinding of Participants and Personnel (Performance Bias)

Blinding of Outcome Assessment (Detection Bias)

Incomplete Outcome Data (Attrition Bias)

Selective Reporting (Reporting Bias)

Other Bias

Overall

24
&

Fig. 2. Overall risk of bias of included studies

50% 75% 100%

| B roinomaton [l coucar [l won [ vncear [l Low

Risk of bias

[ 2N BN JEOMN BN BN BN
®© 00 06 6 o
@..@..‘..

D1: Randomization Sequence Generation (Selection Bias)

D2: Allecation Concealment (Selection Bias)
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D4: Blinding of Outcome Assessment (Detection Bias)

D5: Incomplete Outcome Data (Attrition Bias)

D6: Selective Reporting (Reporting Bias)

D7: Other Bias

Fig. 3. Traffic light plot

used sealed envelopes with patient information or a
person unaware of the research methodology for
allocation to different groups [8,9,13], whereas it was
high in two studies. Bias was high because the person
allocating the treatment was aware of the treatment
allocation sequence [10,12]. Some concern arose about
allocation concealment in three studies, as the

methodology did not clarify whether investigators or
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research personnel subverted the treatment allocated to
the randomized group [7,11,14]. Additionally, various
studies lacked blinding between participants and research
personnel. Therefore, the performance bias was high in
four studies [8-10,14] Poorly reported outcome assessors
were identified in four studies, categorizing them under
“high” bias and “some concerns” categories [10,12-14].

All studies explained the outcomes addressed in the
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methodology. Other potential reasons leading to bias were
that not all outcomes were reported in alignment with
the aim of the study, and a few participants declined to
participate, thereby resulting in insufficient representation
of the population within the sampled group. Thus, five
RCTs had a high risk of bias [8-10,12,14], whereas the
risk of bias in three RCTs was unclear [7,11,13] (Table
6, Figs. 2 and 3).

DISCUSSION

Intra-oral administration of local anesthesia is essential
for dental care delivery and it is a painful experience for
patients [15]. Many techniques complementary to local
anesthetic injections have been tested to reduce pain
associated with different underlying mechanisms [16].
Research on  photobiomodulation  therapy  has
demonstrated increased beta-endorphin and nitric oxide
levels coupled with reduced C-fiber activity, ultimately
resulting in diminished injection-associated pain [17-19].
Other measures include cryotherapy, which reduces
cellular metabolism, nerve conduction velocities, and
local blood flow, thus reducing pain at the injection site
[20,21]. The effects of pre-cooling the injection site and
utilizing a warm anesthetic solution to relieve pain have
also been reported [22,23]. Studies on the pre-emptive
use of sweet solutions to minimize injection pain show
that they are highly effective [6,8,9,14]. One accepted
theory of pain reduction is that sweet solutions activate
the endogenous opioid system, which modulates the pain
response. Opioid-mediated pain suppression modulates
the descending pain pathway by inhibiting the release of
GABA, thereby inhibiting pain perception [5]. Theories
on the mechanism of action of sucrose diverge, with some
suggesting sedative properties (not analgesic) and others
attributing its effects to distraction rather than direct
analgesia [24].

This review explored the effect of sweet solutions on
reducing injection pain before dental treatment. All RCTs

in this review included participants with a mean age of
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under 18, except Abbasi et al., who evaluated the effect
of honey on participants with an average age of 26.76
+ 7.29 years. This study reports that honey may be an
effective analgesic agent for reducing preprocedural
injection pain. Three studies reported an association
between demographic variables and pain [9,10,14]. Two
studies found no relationship between age, sex, height,
weight, and pain perception. Alternatively, the findings
presented by Ghaderi et al. suggested that a higher BMI
was correlated with a reduced analgesic effect of sweet
solutions. This finding is consistent with another report
that reported a significant effect of sucrose in children
with average weight compared to those who were
overweight [25].

All studies reported reduced pain perception following
intraoral application or administration of sweet solutions.
Winnier et al. concluded that the type of sweet solution
used did not affect pain perception; no significant
difference was observed between the effects of sucrose
and xylitol in alleviating pain [7]. However, a study by
Padmanabh et al. showed that the use of xylitol is more
effective than sterile water in reducing injection pain but
less effective than cryotherapy [8]. Another study
evaluated the effectiveness of cryotherapy and sucrose
and reported that the least pain was associated with its
combined use compared to sucrose alone and other
interventions [11]. The evidence presented in this review
supports the effectiveness of sweet solutions for pain
management. However, comparative studies evaluating
their efficacy against cryotherapy and other nonphar-
macological approaches remain limited. None of the
RCTs included in this study explored the sustained effects
of sucrose on future dental appointments. However,
evidence suggests the sustained effectiveness of sucrose
over time. A study of the pain profiles of preterm infants
for skin-breaking procedures using sucrose revealed that
the analgesic efficacy of sucrose is sustained over future
appointments [26]. All included studies used variable
amounts of solutions to explore their effect on dental
injection pain. Two studies used 2 mL of 30% sweet
solution [7,12], and three RCTs tested the impact of 10
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mL of 30% sweet solutions [9-11]. Two studies reported
using 5 mL sweet solutions to evaluate their effectiveness
in reducing injection-associated pain [8,14]. Irrespective
of the solution utilized, all studies reported significant
differences, that is, decreased pain perception was
associated with sweet solutions. These findings are
consistent with those of another RCT that tested the
optimal sucrose dose for alleviating procedural pain in
neonates during a skin-breaking heel-lance procedure.
The administration of a minimal dose of sucrose (0.1 mL)
was as effective as the other doses. Pain intensity did
not vary significantly with changes in the concentration
or dose of the sweet solution [27].

Several studies have used combined strategies to hinder
the isolation of the effects of sweet solutions. Three RCTs
used the intervention before applying topical anesthetic
gel [7,9,12]. Four studies did not report whether topical
gel or other strategy was utilized [8,10,11,14]. Therefore,
interpreting these results requires careful consideration,
because the combined use of sweet solutions with other
strategies introduces potential confounding factors,
making it challenging to determine the independent effect
of sweet solutions.

The strength of this review is the inclusion of only
RCTs. However, owing to the heterogeneity of the
included RCTs, a meta-analysis was not feasible. The
included RCTs exhibited variability in study design,
including differences in doses of sweet solutions,
concentrations, participant characteristics, types of dental
procedures, and scales used for pain assessment, thus
limiting the ability to conduct a quantitative review. The
limitations of this study include measuring pain based on
the child’s expressions or understanding. Self-reporting
of pain or discomfort by a child is not always a reliable
indicator because various developmental, environmental,
and personal issues can influence it. Thus, the use of
physiological scales in some studies can be a valid
explanation for reduced pain perception after using a
sweet solution as an intervention. Another limitation of
this review is that none of the included RCTs studied

behavioral outcomes, such as crying duration or bodily

movements, to compare groups that utilized sweet
solutions with those that did not. No evidence supports
the claim that reducing injection pain using sweet
solutions improves overall patient attendance or oral
health. Limited evidence exists regarding the long-term
safety of sucrose administration for procedural pain. A
systematic review suggested a potential link between
repeated sucrose doses and poor neurological
development in preterm infants. However, the findings
showed no significant adverse effects on long-term
neurobehavioral development [28]. This concern is
minimal in dentistry, because sweet solutions are applied
topically rather than orally. Previous studies have
reported hyperalgesia in infants exposed to sucrose during
procedural pain management. However, the evidence
indicates that the prevalence of hyperalgesia in these
infants is comparable to that in healthy infants [29]. A
paucity of studies focuses on the side effects and
long-term behavioral outcomes of using sweet solutions
along with intra-oral injections. The current evidence
highlights several barriers and facilitators that influence
the use of sweet solutions for pain management in
medical settings. Major facilitators include the absence
of specialized training, ease of availability, and robust
evidence supporting its efficacy, all of which encourage
its adoption in clinical practice. However, a significant
barrier is the absence of institutional or hospital-level
policies outlining protocols, dosage, frequency, and
potential side effects. Another notable barrier is the
perception that implementing this technique may require
additional time per patient, potentially increasing the
workload in busy clinical settings. Additionally, a lack
of awareness of this pain management technique often
leads to limited confidence in communicating its use to
patients. The contraindications and side effects of the oral
administration of sweet solutions, including sucrose
intolerance/glucose malabsorption and vomiting/choking,
have been studied in infants and children undergoing
medical procedures. However, their applicability in dental
settings, diverse demographics, and population groups is

limited. Thus, extensive research is needed to evaluate
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the efficacy and tolerability of sweet solutions in diverse
demographic groups, including adults, and to assess the
applicability of those findings to participants with

complex medical conditions or special needs [30,31].

CONCLUSION

This review highlights that all the included studies
reported significantly reduced pain perception after the
application of sweet solutions, regardless of the specific
type or concentration. This review also underscores the
necessity for the careful evaluation of demographic
variables, as the findings indicate a potential relationship
between analgesic efficacy and other characteristics.
However, evidence suggests that sucrose, xylitol, and
honey can mitigate injection pain. Variability in
methodologies, including the combination of inter-
ventions and measurement approaches, and the need for
a detailed clinical protocol make implementing this in

dental practice challenging.

Maryam Altuhafy: https://orcid.org/0000-0001-7025-5728
Tanvi Kaur Ahuja: https://orcid.org/0000-0003-4818-7153
Junad Khan: https://orcid.org/0000-0002-3107-6118

Maryam Altuhafy: Conceptualization, Data curation, Formal analysis,
Methodology, Supervision, Writing - original draft, Writing - review
& editing

Tanvi Kaur Ahuja: Conceptualization, Formal analysis, Investigation,
Methodology, Validation, Writing - original draft, Writing - review
& editing

Junad Khan: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Resources,
Software, Supervision, Validation, Visualization, Writing - original
draft, Writing - review & editing

ACKNOWLEDGEMENTS: We would like to acknowledge
the Department of Orofacial Pain for the opportunity and

support in conducting this systematic review.

94 J Dent Anesth Pain Med 2025 April; 25(2): 83-96

FUNDING: No funding was provided to conduct this study.
REGISTRATION NUMBER: PROSPERO CRD42024571962
CONFLICT OF INTEREST: The authors have no personal

or financial conflicts to declare.

REFERENCES

1. van Wijk AJ, Hoogstraten J. Anxiety and pain during dental
injections. ] Dent 2009; 37: 700-4.

2. Palm AM, Kirkegaard U, Poulsen S. The wand versus
traditional injection for mandibular nerve block in children
and adolescents: perceived pain and time of onset. Pediatr
Dent 2004; 26: 481-4.

3. Kumar M, Chawla R, Goyal M. Topical anesthesia. ]
Anaesthesiol Clin Pharmacol 2015; 31: 450-6.

4. Ramenghi LA, Evans DJ, Levene MI. "Sucrose analgesia":
absorptive mechanism or taste perception? Arch Dis Child
Fetal Neonatal Ed 1999; 80: F146-7.

5. Shenoy SS, Lui F. Biochemistry, Endogenous Opioids.
2023 Jun 12. Treasure Island (FL), StatPeatls Publishing;
2025.

6. Harrison D, Yamada ], Adams-Webber T, Ohlsson A,
Beyene J, Stevens B. Sweet tasting solutions for reduction
of needle-related procedural pain in children aged one to
16 years. Cochrane Database Syst Rev 2015; 2015:
Cd008408.

7. Winnier JJ, Ratnaparkhi I, Joshi A, Haradwala Z, Manoj
R, Naik SS. Evaluation of the effectiveness of sucrose
versus xylitol application in minimizing pain related to
dental injection in 5-7-year-old children - a randomized
controlled pilot study. ] Indian Soc Pedod Prev Dent 2023;
41: 216-21.

8. Davangere Padmanabh SK, Gangurde VB, Jhamb V, Gori
N. Effect of cryoanesthesia and sweet tasting solution in
reducing injection pain in pediatric patients aged 7-10 years:
a randomized controlled trial. ] Dent Anesth Pain Med
2024; 24: 37-45.

9. Ghaderi F, Ahmadbeigi M, Vossoughi M, Sardarian A.
The efficacy of administrating a sweet-tasting solution for

reducing the pain related to dental injections in children:



Sweet solutions and dental injection pain

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

a randomized controlled trial. Int | Paediatr Dent 2021;
31: 184-90.

Thambireddy S, Svsg N, Nuvvula S. Sucrose solution for
alleviating needle pain during inferior alveolar nerve block
in children aged 7-10 years: a randomized clinical trial.
J Dent Anesth Pain Med 2023; 23: 273-80.

Dhingra N, Mathur S, Malik M. Effectiveness of
cryotherapy, sucrose solution and a combination therapy
for pain control during local anesthesia in children: a split
mouth study. ] Clin Pediatr Dent 2022; 46: 1-5.
Ratnaparkhi I, Winnier J, Shetty D, Kodical SR, Manoj
R, Naik SS. Efficacy of sucrose application in minimizing
pain perception related to dental injection in children aged
3 to 9 years: a randomized control trial. | Dent Anesth
Pain Med 2024; 24: 109-17.
Gurunathan  D.

Janiani P, Effectiveness  of

pre-administered natural = sweet-tasting solution for
decreasing pain associated with dental injections in
children: a split-mouth randomized controlled trial. |
Contemp Dent Pract 2021; 22: 1434-7.

Abbasi H, Saqgib M, Magsood A, Jouhar R, Lal A, Ahmed
N, et al. Effectiveness of precooling with ethyl chloride
versus honey in alleviating intra-oral injection pain in adult
patients: a randomized controlled trial. SAGE Open Med
2023; 11: 20503121231162342.

Becker DE, Reed KI.. Iocal anesthetics: review of
pharmacological considerations. Anesth Prog 2012; 59:
90-101.

Altuhaty M, Sodhi GS, Khan J. Efficacy of
computer-controlled local anesthesia delivery system on
pain in dental anesthesia: a systematic review of randomized
clinical trials. ] Dent Anesth Pain Med 2024; 24: 245-64.
Chow RT, Armati PJ]. Photobiomodulation: implications
for anesthesia and pain relief. Photomed Laser Surg 2016;
34: 599-609.

Hong CHL, Gueiros LA, Fulton JS, Cheng KKF, Kandwal
A, Galiti D, et al. Systematic review of basic oral care
for the management of oral mucositis in cancer patients
and clinical practice guidelines. Support Care Cancer 2019;
27: 3949-67.

Altuhafy M, Baig V, Jabr L, Khan J. The efficacy of

20.

21.

22.

23.

24.

25.

26.

27.

28.

photobiomodulation on dental injection pain: a systematic
review of randomized clinical trials. ] Dent Anesth Pain
Med 2024; 24: 145-59.

Lakshmanan L, Ravindran V. Efficacy of cryotherapy
application on the pain perception during intraoral
injection: a randomized controlled trial. Int J Clin Pediatr
Dent 2021; 14: 616-20.

Ghaderi F, Banakar S, Rostami S. Effect of pre-cooling
injection site on pain perception in pediatric dentistry: "A
randomized clinical trial". Dent Res | (Isfahan) 2013; 10:
790-4.

Chittora M, Rao D, Panwar S, Samaddar KK, Remi RV.
A comparative evaluation of the efficiency of warm local
anesthetic solution delivered on precooled injection sites
with the conventional local anesthetic technique in
7-9-year-old children: a randomized split-mouth cross-over
trial. ] Indian Soc Pedod Prev Dent 2024; 42: 126-33.
Altuhafy M, Lilo R, Jabr I, Korczeniewska OA, Khan
J. Effectiveness of cold application on postoperative pain
following botulinum toxin injections type a in the orofacial
region: a systematic review of randomized controlled
studies. Aesthet Med 2023; 9: €2023023.

Wilkinson DJC, Savulescu J, Slater R. Sugaring the pill:
ethics and uncertainties in the use of sucrose for newborn
infants. Arch Pediatr Adolesc Med 2012; 166: 629-33.
Pepino YM, Mennella JA. Sucrose-induced analgesia is
related to sweet preferences in children but not adults.
Pain 2005; 119: 210-8.

Bueno M, Ballantyne M, Campbell-Yeo M, Estabrooks CA,
Gibbins S, Harrison D, et al. The effectiveness of repeated
sucrose for procedural pain in neonates in a longitudinal
observational study. Front Pain Res (Lausanne) 2023; 4:
1110502.

Stevens B, Yamada J, Campbell-Yeo M, Gibbins S,
Harrison D, Dionne K et al. The minimally effective dose
of sucrose for procedural pain relief in neonates: a
randomized controlled trial. BMC Pediatr 2018; 18: 85.
Gao H, Gao H, Xu G, Li M, Du S, Li F, et al. Efficacy
and safety of repeated oral sucrose for repeated procedural
pain in neonates: a systematic review. Int ] Nurs Stud

2016; 62: 118-25.

http://www.jdapm.org 95



Maryam Altuhafy, et al

29.

30.

Taddio A, Shah V, Atenafu E, Katz J. Influence of repeated

painful procedures and sucrose analgesia on the
development of hyperalgesia in newborn infants. Pain 2009;
144: 43-8.

Lavin Venegas C, Taljaard M, Reszel ], Hartison D. Bartiers
and facilitators to using pain treatment during newborn

screening blood tests at a mother-baby unit. ] Neonatal

96 J Dent Anesth Pain Med 2025 April; 25(2): 83-96

31.

Nurs 2019; 25: 139-44.

Hu J, Ruan H, Li Q, Gifford W, Zhou Y, Yu L, et al.
Barriers and facilitators to effective procedural pain
treatments for pediatric patients in the chinese context:
a qualitative descriptive study. ] Pediatr Nurs 2020; 54:
78-85.



