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Effect of cryoanesthesia and sweet tasting solution 
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Shital Kiran Davangere Padmanabh, Vishakha Bhausaheb Gangurde, Vikram Jhamb, Nasrin Gori

Department of Pediatric and Preventive Dentistry, College of Dental Sciences, At. Amargadh, Tal. Sihor, Dist. Bhavnagar, Gujarat, 
India

Background: The delivery of profound local anesthetics helps children receive successful treatment by reducing 
fear, anxiety, and discomfort during dental procedures. Local anesthetic injections are the most anticipated stimuli 
in dental surgery. Children's perceptions of pain can be altered by applying cryotherapy to precool the oral 
mucosa or by diverting their minds through taste distractions before administering local anesthetic injections. 
This study aimed to evaluate the efficacy of cryoanesthesia and xylitol sweet-tasting solution at the injection 
site in 7–10-year-old children.
Methods: A total of 42 participants, aged 7–10 years, who underwent dental treatment requiring local anesthesia, 
were enrolled in the study. The children were randomly divided into three groups. In group I, sterile water 
was held in the mouth for 2 minutes before anesthetic administration, similar to group II, and in group III, 
a xylitol sweet-tasting solution was used for 2 minutes before needle insertion. The analysis of pain perception 
was carried out based on the Visual Analog Scale (VAS) and the Sound, Eyes, and Motor (SEM) scale. For 
VAS analysis, a one-way analysis of variance (ANOVA) was performed for intergroup comparison, and a post 
hoc Tukey test was performed for subgroup analysis. For the categorical SEM scale, the Kruskal–Wallis test 
followed by the post hoc test was performed for intergroup comparison. Where a P value of <0.05 was considered 
statistically significant at 95% confidence intervals.
Results: Cryoanesthesia significantly reduced pain scores on VAS (4.21 ± 1.42) when compared to those on 
VAS with xylitol sweet-tasting solution (5.50 ± 1.40) and that with sterile water (6.14 ± 2.47). Intergroup comparison 
of the VAS scores among the three groups was performed using one-way ANOVA, which demonstrated statistically 
significant differences (P value <0.026) on the VAS scale. Intergroup comparison of the SEM scale was performed 
using the Kruskal–Wallis test, followed by post hoc comparison, which exhibited statistically significant differences 
(P < 0.007) among the three groups for the SEM scale. 
Conclusion: Cryoanesthesia demonstrated higher efficacy in reducing injection pain than that exhibited by the 
xylitol sweet-tasting solution.

Keywords: Cryotherapy; Pain Perception; Visual Analog Scale; Xylitol.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in 
any medium, provided the original work is properly cited.

 

Received: December 15, 2023•Revised: January 17, 2024•Accepted: January 22, 2024
Corresponding Author: Shital Kiran Davangere Padmanabh, Professor and Head, Department of Pediatric and Preventive Dentistry, College of Dental Sciences, 
At. Amargadh, Tal. Sihor Dist. Bhavnagar, Gujarat -364210, India
Phone: +919586116160  E-mail: drskiran@gmail.com
Copyrightⓒ 2024 Journal of Dental Anesthesia and Pain Medicine

INTRODUCTION

Pain is believed to be the driving force behind seeking 

dental care; however, pain is also the main reason why 
treatment is ignored [1]. Pain is an unfavorable emotional 
and sensory experience linked to or defined in terms of 
tissue damage, whether present or not. Pain, an 
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unavoidable component of many dental operations, is also 
one of the main causes of such dental operations [2]. 
Many treatments, particularly in pediatric dentistry, 
require local anesthesia to manage pain [3]. The paradox 
of this scenario is that local anesthetics, which are the 
best medications for alleviating and avoiding pain, are 
also associated with pain [4]. This pain is worsened by 
needle phobia, also known as blenophobia, which is 
triggered by the sight of the needle [5]. 
  The rapid development of pain associated with 
avoidance behaviors may influence future treatment 
procedures [6,7]. The cornerstone of pediatric behavioral 
management is the ability to effectively regulate 
discomfort during dental treatment [4].
  Many strategies, from localized approaches to 
distraction strategies, have been studied to reduce the 
discomfort and pain related to dental injections. Localized 
techniques include the use of topical medications [8], 
adjusting the injection pace, buffering by raising the pH 
of local anesthetics [9], and laser pretreatment [10]. 
Vibraject (Vibraject, GoldenDent, Roseville, Michigan, 
USA), DentalVibe (DentalVibe, BING Innovations, Boca 
Raton, USA), and WAND System (Wand Dental, Inc., 
Livingston, New Jersey, USA) are examples of 
vibrotactile instruments that counterstimulate dental 
injections to provide a pleasant experience.
  Another recommended method for reducing patients' 
perceptions of pain that is successful, efficient, and 
economical is cryotherapy. The use of ice or refrigerant 
spray on the anesthetic site to prevent pain from being 
transmitted to the nerves is known as cryoanesthesia [11]. 
Patients achieve physiological and psychological benefits 
from the use of ice as it may divert their attention from 
discomfort [12]. This approach has been used to treat 
sprains, cuts, fractures, bruises, insect stings, and other 
physical injuries [13,14].
  A physiological analgesic phenomenon known as 
"sweet taste-induced analgesia" may also have 
pain-relieving effects. A well-known notion is that sugar 
solutions, including sucrose and glucose, raise the 
threshold for pain during venipuncture, heel lance, and 

cold pressure tests [15]. Consumption of sweet substances 
alters the positive emotional state and endogenous opioid 
activity in the brain. Pain perception may be diminished 
by increased opioid activity and an improved emotional 
state [16,17]. According to a review of the medical 
literature, no studies have compared the effectiveness of 
sweet-tasting solutions and cryoanesthesia in minimizing 
injection pain in pediatric patients between the ages of 
7 and 10.

METHODS

  This randomized controlled three-arm parallel-design 
clinical trial was designed according to the CONSORT 
statement to improve the quality of reports of randomized 
controlled trials 2010 guidelines
(http://www.consort-statement.org/).

1. Ethical approval and protocol registration

  The Institutional Review Board and Ethics Committee 
approved all aspects of the research proposal (Ref. 
CODS/IEC/183/2023). This research was registered in the 
Clinical Trials Registry of India under ID 
CTRI/2023/03/050960.

2. Study design, setting and duration

  This randomized three-arm parallel study with an equal 
number of participants was conducted in the outpatient 
department of pediatric and preventive dentistry for 
approximately 4 months between April 2023 and July 
2023.

3. Sample size

  The sample size (n) was derived by using the 
“comparing two means” formula, using Epi info software 
v. 3.0. Atlanta, Georgia (US) with an alpha error of 0.05 
and power of 80%. Considering the three study groups, 
a total sample size of 42 participants/patients was derived, 
with the allocation ratio maintained at 1:1:1 and 14 
participants per group.
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Groups Materials used
Group I 
(Control Group)

• Sterile water- Fresh sterile water for each participant 
for the control group.

Group II 
(Experimental 1)

• Ice pack- The ice pack was prepared by filling sterile 
water in the small finger of the extra small-size latex 
gloves. The water-filled part of the gloves was 
looped and stored in the freezer. The temperature 
of the ice pack was set between -4°C to 0°C to 
prevent any risk of frostbite (Fig. 1).

Group III 
(Experimental 2)

• Xylitol sweet-tasting solution- the solution was 
prepared by dissolving 30 g of pre-weight xylitol 
powder (So Sweet Xylitol, Kanha Biogenetic, 
Jharmajri Baddi, Dist Solan, India) in 100 mL of 
water in a measuring jar. The xylitol sweet-tasting 
solution was freshly prepared for each participant 
(Fig. 2).

Fig. 1. Sterile water frozen in gloves and used as an ice pack

Fig. 2. Xylitol powder used to prepare the sweet tasting solution

4. Study materials

  
• Local anesthesia (2% lignocaine with 1:2,00,000 

adrenaline [LOX 2 %, Neon Laboratories Ltd, Mumbai, 
India]) and a 26-gauge needle (UNOLOK, Hindustan 
Syringes and Medical Devices Ltd, Faridabad, India) 
were used for local anesthetic administration in all 
study participants. 

• Assessment tool: Pain perception was analyzed based 
on the Visual Analog Scale (VAS) and the Sound, 
Eyes, and Motor (SEM) scale. The subjective pain 
perception assessment was recorded by having the 
participant point to the scale, and the objective pain 
perception was assessed using the SEM scale by the 
co-investigator who was blinded to all groups. 

5. Methodology 

Inclusion criteria- 
• Healthy children aged between 7 to 10 years (The 

American Society of Anesthesiologists/ ASA I)
• Children of both genders
• Children exhibiting a score of III and IV on the 

Frankl’s Behavior Rating scale 
• Children requiring local anesthesia for any type of 

dental treatment following diagnosis and treatment 
planning

Exclusion criteria- 
• Children with any known allergy to local anesthesia
• Children with active pathology at the site of injection

  The present study included 42 children aged 7–10 years 
who reported to the Department of Pediatric and 
Preventive Dentistry for any type of dental treatment 
requiring local anesthesia. All the participants were 
enrolled after obtaining written informed consent from 
their parents or guardians. To ensure an equal number 
of participants in each group, enrolment was performed 
using the block randomization method and an allocation 
list was formed using computer-generated random 
numbers. Allocation concealment was achieved by using 
sealed envelopes containing patient information for group 
assignment. Allocation generation, enrolment of 
participants, and assignment of participants to study 
groups were performed by an assistant (an intern). The 
principal investigator and study participants were not 
blinded to the nature of the intervention. However, the 
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Fig. 3. Consolidated Standards of Reporting Trials (CONSORT) flow chart illustrating the allocation of participants and the research protocol

statistician and co-investigator were blinded until the data 
were recorded, collected, and analyzed. 
  In this study, all 42 participants were allocated 
randomly into three groups: group I, the sterile water 
group; group II, the cryoanesthesia group; and group III, 
the xylitol sweet-tasting solution group (Fig. 3). In group 
I, all the participants were provided 5 mL of fresh sterile 
water to hold inside the mouth for approximately 2 min 
and were asked to spit it out before local anesthetic 

administration, whereas in group II, an ice pack prepared 
in the small finger of the latex gloves was applied for 
2 min on the injection site before local anesthetic 
administration (Fig. 4). Similarly, in group III, all the 
participants were provided 5 mL of freshly prepared 30% 
xylitol sweet-tasting solution to hold inside the mouth for 
2 min and were asked to spit it out before local anesthetic 
administration. 
  Pain perception was assessed using subjective and 
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Fig. 4. Application of ice pack prepared by sterile water frozen in gloves

Table 1. Mean and standard deviation of Visual Analog Scale scores 
among three groups

N Mean Std. Deviation
Group I 14 6.1429 2.47626
Group II 14 4.2143 1.42389
Group III 14 5.5000 1.40055

N, number; Std, standard.

objective scores on two different scales. Subjective pain 
perception was recorded and assessed based on the VAS 
after local anesthetic administration by asking the patient 
to identify the most preferred image on the scale. 
Objective pain perception was recorded using the SEM 
scale during local anesthetic administration by a 
co-investigator who was blinded to the groups. The 
subsequent treatment for all participants was completed 
after local anesthetic administration, and no other 
behavioral management techniques were used before or 
during local anesthetic administration in all study 
participants.

6. Statistical analysis

  The data obtained was coded and entered into 
Microsoft Excel 2007/2013. Descriptive and Frequency 
analysis was done by using Statistical Product and Service 
Solution (SPSS) (v.21.0) software (Armonk, NY, USA). 
For VAS analysis, a one-way analysis of variance 
(ANOVA) was performed for intergroup comparison, and 
a post hoc Tukey test was performed for subgroup 
analysis. As the categorical scales were used in our study, 
median, quartiles (Q), and interquartile range (IQR) were 
determined, and the Kruskal–Wallis test followed by the 
post hoc test was performed for intergroup comparison. 
Where a P value of < 0.05 was considered statistically 
significant at 95% confidence intervals.
 

RESULTS

  In the present study, 42 participants were allocated to 
three different groups and assessed for pain perception, 
as displayed in the CONSORT flow diagram.
  This study included children aged 7 to 10 years with 
the mean age being 7.5 ± 0.94 in group I, 7.71 ± 0.91 
in group II, and 7.79 ± 0.89 in group III. Comparison 
of age among the three groups demonstrated no 
significant differences, with a test value of 0.369 and a 
P-value of 0.694, respectively. An equal number of male 
and female participants were included in the study, with 
seven males (50%) and seven females (50%) in all three 
groups. 
  The mean ± standard deviation VAS scores for all three 
group are as follows: group I (6.14 ± 2.47), group II (4.21 
± 1.42) and group III (5.50 ± 1.40) (Table 1). The 
intergroup comparison of VAS scores among the three 
groups was performed using a one-way ANOVA. This 
comparison demonstrated statistically significant 
differences among all three groups on the VAS scale (P 
= 0.026) (Table 2). Post hoc pairwise comparisons of 
VAS scores among the three groups were performed 
using Tukey’s post hoc test. This comparison revealed 
statistically significant differences (P < 0.05) only between 
groups I and II (P = 0.022) (Table 3).
  As SEM is a categorical scale, the median, Q, and IQR 
were determined in our study. For the SEM scale, the 
medians for groups I and III were similar, and that of 
group II was lower than that of the other two groups. 
Similarly, Q1, Q2, and Q3 were also determined for all 
three groups, which demonstrated that the IQR for groups 
I, II, and III were 1.37, 0.7, and 1.0, respectively, with 
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Table 2. Intergroup comparison of Visual Analog Scale scale among the three groups 

Sum of Squares df Mean Square F P value
Between Groups  27.000  2 13.500 4.002 0.026*
Within Groups 131.571 39  3.374
Total 158.571 41

df, degree of freedom. *P value < 0.05 statistically significant

Table 3. Post hoc pairwise comparison of Visual Analog Scale scale among the three groups

(I) Groups (J) Groups Mean Difference (I-J) Std. Error P value
95% Confidence Interval

Lower Bound Upper Bound
Group I Group II  1.92857* 0.69422  0.022*  0.2372  3.6199

Group III 0.64286 0.69422 0.627 -1.0485  2.3342
Group II Group I -1.92857* 0.69422  0.022* -3.6199 -0.2372

Group III -1.28571 0.69422 0.166 -2.9771  0.4056
Group III Group I -0.64286 0.69422 0.627 -2.3342  1.0485

Group II 1.28571 0.69422 0.166 -0.4056  2.9771
Std, standard. *P value < 0.05 statistically significant  

Table 4. Median, quartiles and interquartile range of Sound, Eyes, and Motor scale across three groups

Group I Group II Group III
Median 2.4500 1.6000 2.3000

Quartiles Q1 2.0000 1.3000 1.9000
Q2 2.4500 1.6000 2.3000
Q3 3.3750 2.0000 2.6000

IQR 1.37 0.7 1.0
IQR, interquartile range.

the lowest IQR noted in group II (Table 4). The 
Intergroup comparison of the SEM scale was performed 
using the Kruskal–Wallis test, followed by post hoc 
comparison. This comparison displayed statistically 
significant differences among the three groups for the 
SEM scale, with a P value of 0.007.
 
DISCUSSION 

  Treatments involving needles, ranging from standard 
pediatric vaccinations to dental work, can be confusing 
for children of all ages. Although necessary, these 
operations are considered painful, potentially leading to 
long-term anxiety of needle pain and generating anxiety 
and discomfort in both parents and children [18]. To 
reduce discomfort and anxiety, efficient pain-relief 
strategies must be implemented regularly in all settings 

where procedures involving needles are performed. Thus, 
the purpose of this study was to assess the effects of 
cryoanesthesia and a sweet-tasting solution containing 
xylitol on pain associated with needle injection in children 
aged between 7 and 10 years. Children who received 
cryoanesthesia and sweet-tasting fluid containing xylitol 
reported reduced pain and discomfort after injections.
  Pain management is crucial in pediatric dentistry, 
particularly when administering injections. Cooling, 
commonly referred to as cryoanesthesia, is one such 
approach that involves cooling a specific location to 
prevent the local neuronal transmission of painful stimuli. 
Cooling can also be applied as a spray of refrigerants 
or using ice. One of the first methods of local anesthesia 
and analgesia, the application of ice before or after painful 
treatment, has been practiced for thousands of years [13, 
19]. 
  The main advantage of cryoanesthesia is that, unlike 
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other topical anesthetics and analgesics, it operates on all 
cells, rather than just nerve cells, resulting in 
instantaneous anesthesia [20]. Although the anesthesia 
created by cryoanesthesia only lasts for 2–5 seconds, it 
is effective in reducing pain associated with needle 
insertion [21].
  Oral sucrose and other sweet therapies have been 
utilized for over a century to relieve children's discomfort, 
and even earlier. Infants were advised to be given dates 
and sugar solutions laced with cocaine, opium, or alcohol 
for the same purpose between the 1840s and the early 
1900s [22]. Numerous studies indicate that the hedonic 
response to sweetness, such as sucrose, increases the 
release of endogenous opioids [23–26]. This is further 
supported by the finding that opioid antagonists reduce 
hedonic responses and eliminate the analgesic effects of 
sweet-tasting solutions [27].  Our study used a 30% 
xylitol sweet-tasting solution as a sweetening agent, even 
though the use of sucrose solution has been well 
investigated [11,28]. The main advantage of xylitol over 
sucrose is that it acts as a cariostatic agent [29].
  The VAS scale was used in our study to record the 
subjective sense of anxiety, and the results indicated a 
high overall reduction in anxiety in group II 
(cryoanesthesia), followed by group III (xylitol sweet 
tasting solution), and group I (sterile water). Subjective 
measurements are typically regarded as the gold standard 
[30]. As the VAS is universally applicable, simple, and 
reproducible with few errors, we utilized it for our 
subjective evaluation [31]. The SEM scale, which 
considers vocal emotions, bodily movements, and eyes, 
has been used to objectively quantify pain [32].
  The outcomes of our investigation corroborate the 
effectiveness of cryoanesthesia and a sweet-tasting 
solution in mitigating injection discomfort during the 
delivery of a local anesthetic solution for dental 
procedures. In the SEM scale, the group receiving 
cryoanesthesia demonstrated the lowest IQR, followed by 
the sweet-tasting solution, and sterile water. These 
findings were consistent with those of Farahani and 
Aminabadi [4] and Harbert [33]. Duncan et al [34] and 

Hameed et al. [35], who used a refrigerant spray as a 
cooling agent in contact with the tissue before 
administering an intraoral injection, obtained similar 
results. The findings of the current study are corroborated 
by Kosaraju and Vanderwalle [5], as well as by Kuwahara 
and Skinner, who reported in various studies on a 
reduction in pain caused by applying cryotherapy to the 
anesthetic site [36]. Compared with topical anesthetic 
gels, precooling before infiltration anesthesia decreased 
the impression of pain in pediatric patients, according to 
the findings of Mohiuddin et al. [37].
  In our trial, we employed a 30% xylitol solution, which 
was better than the control or sterile water group in 
lowering injection pain but less effective than 
cryoanesthesia in reducing children's impression of pain. 
Several authors have claimed that sweet tastes help reduce 
the perception of pain. For example, Ghaderi discovered 
that administering a sweet-tasting sucrose solution to 
children before dental injections decreased their level of 
pain and discomfort [38]. A sweet-tasting honey solution 
was identified to be useful by Janiani and Gurunathan 
D [39] for reducing pain during inferior alveolar nerve 
block and infiltration anesthesia. Using a CPT/C 
neurometer, Shiiba et al. [40] investigated the impact of 
sweet taste stimulation on the oral mucosa pain tolerance 
threshold and discovered that, in children, but not in 
adults, stimulation increased the pain threshold. 
  The current trial's results supported the theory that, 
when a local anesthetic is being administered, precooling 
the injection site and administering a sweet solution 
before the needle is inserted increases injection tolerance 
and aids in controlling pediatric patients' behavior during 
dental procedures. However, the study's limitations 
include the injection rate and needle depth, which, owing 
to the varied anatomy encountered, were constant but not 
similar. Due to the nature of the interventions and the 
varying application and taste techniques, blinding the 
participants and the principal investigator was impossible.
Cryoanesthesia using ice was effective in alleviating 
injection pain as a non-pharmacological method among 
children when compared to the pain control achieved by 
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xylitol sweet-tasting solution in children aged 7–10 years.

Clinical significance 

  One of the main stimuli in dental operations that causes 
anxiety or fear is the injection of local anesthetics. An 
easy and affordable technique to alleviate the pain and 
anxiety associated with local anesthesia injections is 
cryotherapy and xylitol sweet-tasting solution, which 
minimizes the dread of pain associated with the procedure 
involving children with Frankel’s Behaviors III and IV.
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