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Abstract
Aim: The aim of the study was to evaluate the effect of cooling the soft tissue of injection sites on the pain
perceptions of pediatric patients during the administration of local anesthesia for routine dental procedures.
Methods and Materials: A total of 160 children aged 5-6 years were included in the present study. On a
random basis, the subjects were allocated to the without ice pretreatment (WIP) group (topical anesthesia
+ counterstimulation + distraction) or the ice pretreatment (IP) group (cooling + topical anesthesia +
counterstimulation + distraction). During the administration of an inferior alveolar nerve block, the children’s
behavior was assessed using the sound, eye, and motor (SEM) scale. The statistical analysis of data was
performed based on the analysis of variance (ANOVA).
Results: There were no significant differences within the groups between the values of the sound, eye, and
motor components for either the WIP or the IP groups (P>0.05). All three components of the SEM in the IP
group were consistently lower than the WIP group (P<0.05). Moreover, the SEM value for the WIP group
surpassed the IP group (P<0.05).
Conclusions: Cooling the site of infiltration block prior to the injection of local anesthesia significantly reduced
the pain perceived during injection of local anesthetic agent in pediatric patients.
© Seer Publishing
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Clinical Significance: Pre-cooling of the soft tissues of an injection site prior to the administration of a local
anesthetic can minimize the discomfort and anxiety associated with the injection procedure and facilitates the
management of pediatric patients during this phase of a dental procedure.
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Introduction
Anxiety is still considered a serious patientcentered challenge in modern dental practice.1
Paradoxically, the administration of the
anesthetic agent is the most painful part of most
dental procedures.2 Pain association quickly
develops into avoidance behaviors which may in
turn affect prospective therapeutic procedures.3-5
The role of anxiety is even more profound
in pediatric patients. Effective pain control
during dental treatment is the cornerstone of
pediatric behavior management. Procedures
performed under local anesthesia require patient
co-operation to be successful.6

Cooling injured tissues has a long-standing
history in medicine. Local external cooling for
pain relief has been used for treating sprains,
burns, fractures, bruising, and insect bites.
Regional skin cooling to reduce pain from sports
injuries is commonplace.19,20 A number of studies
have shown the benefits of postoperative skin
cooling to reduce wound pain and edema.21-24 The
potential for pre-operative use of these cooling
techniques is promising.25 Ethyl chloride has been
widely used for pre-injection anesthesia as well
as for pain control in minor surgical procedures,
minor sports injuries, and myofacial pain.26,27
However, Waibel and Katial28 reported despite
improved pain scores with ethyl chloride in skin
tests, the results were not statistically significant.
Furthermore, although incidences are rare, there
are additional reported health hazards due to the
inhalation of or continuous exposure to vapor
coolant spray such as frostbite, contact dermatitis,
and death.29-31 Ice has been also used to control
musculoskeletal pain, discomfort from a local
anesthetic injection, postoperative pain, and
prevention of edema.32-35

Several methods have been suggested to
reduce pain caused by the administration of local
anesthetic agents. These include the following:
• Application of topical analgesics such as
amethocaine7
• Distraction techniques8,9
• Counter irritation10
• Warming the anesthetic agents11
• Adjusting the rate of infiltration12 by reducing
the speed of the injection
• Buffering the local anesthetic agent13-18

However, it would appear only one study has
investigated the effects of local mucosal cooling
prior to the infiltration of local anesthesia on
nociceptive activity in oro-dental procedures.36
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The investigators of the present study hypothesize
local cooling of the soft tissue at an injection site
through the use of ice prior to the administration
of local anesthesia may lead to decreased pain
perception during the injection procedure.

cooperative children (Frankel’s Class III or IV)
were included in the study procedure.
The 160 patients selected for the study were
assigned to one of two study groups by the
admitting dentist who drew one card for each
patient from a box containing 160 folded
cards (80 marked Control and 80 marked
Study). The patient was assigned to the
corresponding group listed on the card prior
to seating in a treatment room. Concealment
of the group assignment was maintained until
the statistical analysis was completed.

Therefore, the aim of the study was to evaluate
the effect of cooling the soft tissue of injection
sites on the pain perceptions of pediatric patients
during the administration of local anesthesia for
routine dental procedures.

Methods and Materials
Study Population
A total of 160 children aged 5-6 years were
included in the present randomized clinical trial.
The subjects presented at the Department of
Pedodontics, School of Dentistry at the Tabriz
University of Medical Sciences in Tabriz, East
Azerbaijan, Iran for the treatment of carious
primary teeth. The selected subjects were in
complete physical and mental health without any
confounding medical history. The targeted teeth
for the study were carious mandibular primary first
or second molars without pulpal involvement.

The treatment procedure for both the study and
control groups began with the application of a
topical anesthetic agent (Benzocaine®, Dentsply,
York, UK) over dried mucosa for 1 minute using
a cotton applicator. Patients in the study group
received an ice pretreatment (IP) of the soft
tissues of the injection site for 2 minutes using
a tube of ice.37,38 The control group, without ice
pretreatment (WIP), only received the application
of topical anesthetic. The ice tube was made by
filling the small finger of a latex glove with water;
knotting the open end then cutting away the rest
of the glove and placing the water-filled portion in
the freezer (Figure 1).

The following criteria were considered for
inclusion of a patient in the study:
• Existence of carious primary mandibular
molars necessitating the use of an inferior
alveolar nerve block
• No history of post-traumatic stress disorders
or specific phobia related to dental settings
• No history of unpleasant experiences in
medical settings
• No previous experience with intraoral injections
• No history of pain secondary to pulpitis
favoring a biased context due to special pain
syndromes such as hyperalgesia or allodynia
• No allergy to lidocaine
• Patient was cooperative

A standard inferior alveolar nerve block injection
technique was applied using counterstimulation
and distraction for both the control and study
groups. The counterstimulation method used
for the study group was the ice pretreatment of
the injection site. As for the control group, only

The study procedure as well as probable risks
and discomforts were explained to the parents
or legal guardians of the patients. The study
procedure was approved by the Research and
Ethics Committees of Tabriz University of
Medical Sciences.
Treatment Procedure
During the first therapeutic session fluoride
therapy was performed for the subjects and only

Figure 1. The ice tube prepared from the small
finger portion of latex gloves.
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a thumb-finger grasp of the ascending ramus of
the mandible with gentle pressure while vibrating
the soft tissues adjacent to the intraoral injection
site was used as counterstimulation. The range
of vibration movement was approximately 1 mm
(short back-and-forth as well as up-and-down
movements), and the frequency of vibration was
1 cycle/second.

assessed patient behavior during injections using
the SEM scale. The SEM scale is described in
Table 1.
The assessment criteria of the SEM scale are
based on three types of data, namely child
sounds (verbalizations), eye signs, and body
movements. A third investigator randomly
performed the SEM evaluation along with the
second investigator to allow for the assessment of
inter-examiner agreement of the data.

The technique used for distraction was to ask
the subjects in a controlled monotone voice to
alternately raise their right and left legs in turn.

Statistical Analysis
All quantitative data are presented as means.
The statistical analysis of data was performed
based on the analysis of variance (ANOVA). The
differences between the study and the control
groups in terms of age and sex were evaluated
using the Independent t-test and the Fisher’s
Exact test, respectively. Post-hoc analysis of data
was performed based on the Scheffe’s test. Intraexaminer agreement of data was evaluated using
Kappa statistics. In the present study P<0.05 was
considered to indicate statistical significance.

The technique used for administration of the
anesthetic involved the gradual injection of 1 ml
of anesthetic agent (Lidocaine 2%, Epinephrine
1/100000) using a short needle (length: 32 mm,
gauge: 27) over a period of 1 minute following
syringe aspiration.
The same procedure for the administration of
local anesthesia in the WIP group (control) was
performed by the same pedodontist used for the
IP group.

Results

Subsequently, all carious lesions were removed
using a high-speed handpiece to create standard
Class II cavity preparations. After removal of any
remaining affected dentin and refinement of the
cavity walls, matrix bands and wooden wedges
were placed and the teeth were restored with
amalgam restorations.

The study group (IP) consisted of 45 boys and
35 girls with a mean age of 5.1 years, and the
control group (WIP) consisted of 43 boys and 37
girls with a mean age of 5.4 years. There was no
significant difference between the two groups in
terms of age (Independent t-test, p = 0.24) or sex
(Fisher’s Exact test, p = 0.48). No adverse events
were observed during the course of the study.

Assessment of Subject Behavior
A second dentist, blind to the study procedure,

Table 1. SEM scale for the assessment of children’s behavior.
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Table 2. SEM values for the experimental groups.

and inguinal hernia repair. Chan et al.25 used a
laser system with a cooling device to treat 37
patients who had a nevus of Ota removed. They
reported patients perceived less pain on the
side where cooling was employed. However, the
aforementioned study did not elaborate on the
objective criteria used to assess pain. Moreover,
the pain induced by laser therapy may be quite
distinct from that caused by local anesthetic
infiltration. Leff et al.38 reported the cooling of the
injection site for a nerve block 5 minutes prior
to the administration of local anesthetic agent
in patients undergoing inguinal hernia repair
significantly reduces the pain perceived during
the injection. The results of the present study are
in accordance with those of Harbert36 who used
topical ice to reduce pain perception associated
with palatal injections. Moreover, Goel et al.33
used ice cubes as a cryoanalgesic preparation
before the administration of local anesthetic for
eyelid surgery which resulted in a significant
reduction in injection pain. Kuwahara and
Skinner39 also reported the distress caused by
lidocaine and epinephrine injection was reduced
by using ice application.

Intra-examiner Agreement of Data
The Kappa statistics for intra-examiner
agreement for the SEM data was found to be
excellent (r=0.88).
Univariate Analysis of SEM
The SEM scale findings are presented in Table
2. A painful reaction according to the SEM scale
(grade 4) for all three components (sound, eye,
and motor) was reported in the WIP group. No
severe pain reaction was observed in the IP
group. There were no significant within-group
differences between the values for the sound,
eye, and motor components for either the WIP or
IP groups (P>0.05).
Multivariate Analysis of the SEM
The difference between the WIP and IP groups
was statistically significant (P<0.05). All three
components of the SEM in the IP group were
consistently lower than the WIP group. Moreover,
the SEM value for the WIP group surpassed that
of the IP group (P<0.05).

Discussion
The aim of the study was to evaluate the effect
of cooling the soft tissue of injection sites on
the pain perceptions of pediatric patients during
the administration of local anesthesia for routine
dental procedures.
The results of the present study showed cooling
of the injection site for a nerve block at 0°C for 2
minutes prior to the injection of local anesthetic
agent did significantly reduce the pain perceived
during administration of local anesthesia for
routine dental procedures.

A number of theories have been put forward
to explain the mechanism by which ice pretreatment reduces the effects of injury and
induces analgesia at a local level. These
include reduction of tissue metabolism and
vasoconstriction, thereby, reducing the inflow of
inflammatory mediators and decreasing edema.
This may explain the successful application of
topical cooling to reduce bruising, bleeding, and
edema in sports injuries and after orthopedic
surgery.40-44

These findings are consistent with those reported
for skin cooling in studies involving laser therapy

Local cooling is also believed to slow or eliminate
pain signal transmission.45 Free nerve endings
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The results of the present study support the notion
topical cooling raises the pain threshold to noxious
stimuli such as the penetration of the needle
during the injection of local anesthetic agents.
However, there were limitations in this study. The
discomfort from ice contact is time dependent and
the threshold is very subjective. Recommendations
for a waiting time to allow for topical anesthetic
penetration vary from 2 to 5 minutes. The 5-minute
duration of this procedure is well accepted by
apprehensive adults and teenagers, but it is less
readily tolerated by restless children.38 A 2-minute
contact duration of the ice cube used in this
study was determined to be optimal based on our
preliminary study.

abound and terminate in all layers of the mucosa,
including the epithelium. The effect of cold is to
slow the velocity of nerve impulse conduction.
Although different types of nerve fibers conduct at
different speeds, they experience a proportional
decrease in velocity for each degree drop in
temperature, ceasing completely in the range of
10°C to 0°C.8

Conclusion
The results of this study showed cooling of
the injection site of a nerve block prior to the
administration of local anesthesia significantly
reduced the pain perceived by pediatric patients.
The technique is comfortable, safe, and
physiologically effective.

Low temperatures have been observed to retard
neuromuscular transmission46 and cooling muscle
tissue reduces its tone via a reduction in activity
of the muscle spindles.47 Topical cold application
stimulates myelinated A-σ
σ fibers, activating
inhibitory pain pathways, which in turn raises the
pain threshold. Cold has also been demonstrated
to work at the spinal level to inhibit the stretch
reflex and reduce muscle spasm.45

Clinical Significance
Pre-cooling of the soft tissues of an injection site
prior to the administration of a local anesthetic can
minimize the discomfort of the injection procedure
and facilitate the management of pediatric patients
during this phase of a dental procedure.
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