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Abstract
Background: This study aimed to compare pain perception and behavioral responses in
pediatric patients during dental injections using needle-free (NF) or traditional injection
methods (TMs) over two consecutive dental visits. Methods: This randomized, clinical
crossover study involved 28 children aged 6 to 12 years who exhibited positive or
absolute positive behavior according to the Frankl Behavior Scale and required dental
anesthesia for bilateral operative procedures on their primary maxillary molars. The
children were randomly assigned to receive both the NF and TM injections, for a total
of 56 injections. Patients who underwent filling or pulpotomy treatment on a primary
maxillary molar received anesthesia with both techniques at a one-week interval. At
each visit and after the administration of anesthesia, the patients’ pain levels were
assessed using the Wong-Baker Faces Pain Rating Scale (Wong-Baker) and the Face,
Legs, Activity, Cry, Consolability scale. The data were recorded, and statistical analyses
were performed using paired t-tests or Wilcoxon nonparametric tests and Chi-square
tests. Statistical significance was defined as a p ≤ 0.05. Results: There was no
significant difference between the NF system and the TM according to the Wong-
Baker scores. However, there were significant differences in the amount of anesthetic
solution and duration of the analgesic effect between the first and second visits for both
injection methods, respectively (p = 0.003 for NF-TM and p < 0.0001 for the TM-NF
groups). Conclusions: In this study, the NF system and the TM exhibited similar results
when evaluated using different pain scales. However, the NF injection system may
be a promising approach when working with uncooperative children. Clinical Trial
Registration: ClinicalTrials.gov PRS ID: NCT06541925.
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1. Introduction

Pain is a complex andmultidimensional construct that involves
sensory, emotional and cognitive processes. One of the most
important aspects of child behavior management is pain con-
trol [1], and the most common method used to achieve pain
control during dental procedures is the use of local anesthetics
(LA) [2]. However, in dentistry, injecting local anesthesia is
an anxiety-provoking procedure for both children and adult
patients [3]. Understanding changes in pain-related behaviors
between consecutive dental visits will help in planning and
scheduling treatment procedures, as well as managing children
in the dental clinic [4].
A number of methods and techniques have been proposed

to minimize or reduce pain caused by the infiltration of LA
agents. These methods include the application of topical
anesthesia [5], pre-cooling the injection site [6] and applying
pressure to the injection site [7]. Other techniques involve

using lasers as a pretreatment method [8], buffering LA [9] and
employing tactile stimulations [10]. Additional approaches
include distraction techniques [11], computerized injection
systems [12] and modern devices such as VibraJect [13], Den-
talVibe [14] or Aculief [15]. These methods have been the
subject of trials to help alleviate the fears of pediatric patients;
however, none of them have gained universal acceptance, and
more situations and techniques need to be evaluated to improve
stress management among patients in dental settings [13].

During the administration of a LA injection, an anxious
patient may experience more severe and prolonged pain than
a less anxious one [16]. From a visual and psychological
perspective, the dental syringe is seen as a threatening instru-
ment, especially by children [17]. The fear of pain caused
by the needle has often been reported to be the most anxiety-
provoking stimulus for childrenwith dental anxiety [18]. Thus,
a needle-free (NF) injection system can provide a higher level

https://www.jocpd.com
http://doi.org/10.22514/jocpd.2025.083
www.jocpd.com


129

of comfort by eliminating the puncture and injection phase, and
it has emerged as a novel alternative to traditional needle-based
techniques [19]. A recent dental device that administers local
anesthesia using an NF injection technique is the Comfort-
in™ system. This patented device uses a liquid jet system
to rapidly inject the anesthetic solution from a 0.15-mm hole
at high pressure [19]. Using this NF local anesthesia system
in dentistry can help treat needle-phobic patients. However,
to our knowledge, few studies have evaluated the efficacy of
this new injection technique in the primary molars of children
[20–23]. We believe pediatric patients are the target group for
whom pain control should be adequately addressed. Therefore,
the current study was designed to compare pediatric patients’
pain perception during dental injections using the NF injection
system with the traditional injection method (TM). In addition,
secondary outcomes, including the dosage of LA used and the
duration of the analgesia effect, were assessed. The expec-
tation and hypothesis tested were that the NF method would
result in a less painful injection and require a lower amount of
LA solution during the dental procedure.

2. Materials and methods

2.1 Study design
This crossover, randomized clinical trial followed the Consol-
idated Standards of Reporting Trials (CONSORT) [24] guide-
lines. It was conducted at Marmara University, School of
Dentistry, Department of Pediatric Dentistry clinics from Jan-
uary 2018 to January 2019. The study meets the standards
established by the World Health Organization and the Inter-
national Committee of Medical Journal Editors. The research
protocol was reviewed and approved by the Clinical Research
Ethics Committee of Marmara University Faculty of Medicine
(number: 09.2017.280).

2.2 Study population
The minimum required sample size was determined based on a
previous study [23] with a power of 0.90, a margin of error of
0.05, and an effect size of 0.68. Using G*Power (Ver: 3.1.9.4,
Heinrich Heine University, Düsseldorf, Germany) software, it
was determined that 25 participants were needed. To account
for potential data loss during the study, 28 participants (10%
more) aged 6 to 12 years of both genders who met the criteria
were recruited for the study.
The inclusion criteria were children:
1. in good general health with no history of allergic reac-

tions, as confirmed by a written history,
2. aged 6 to 12 years, who were in the mixed dentition stage,
3. not currently taking any analgesics or sedatives that

would alter their pain perception,
4. with no prior experience of local anesthesia administra-

tion,
5. displaying either “positive” or “definitely positive” be-

havior based on the Frankl Behavior Scale (FBS),
6. requiring treatment for both maxillary primary molars

with comparable operative challenges.
The exclusion criteria were:
1. the presence of any medical or developmental conditions,

2. a history of chronic disease,
3. a “negative” or “definitely negative” behavior rating on

the FBS,
4. the presence of inflammation at the injection site.

2.3 Procedure
The study was conducted by two experienced pediatric den-
tists. One dentist provided all explanations, communicated
with the children, administered the anesthesia, and performed
the treatment (FE). Both dentists (FE and MSP) observed and
assessed the children’s pain perception during the anesthesia
procedure. Parental consent was obtained before the procedure
to ensure ethical guidelines were followed.
In this study’s crossover design, children underwent both

types of local anesthesia injections before undergoing filling
or pulpotomy treatments on their maxillary primary molars.
The treatments were conducted in two separate appointments,
with a one-week interval between procedures. During the first
appointment, the side of the dental arch (right or left) for the
initial anesthesia administration was randomly determined, as
well as the selection of the injection method (NF or TM). Each
participant’s administration type and sequence were randomly
assigned using a coin toss (with block randomization). All
maxillary primary molars included in the study had simi-
lar carious structures and were categorized as dentin caries.
Therefore, the decision to proceed with a restorative filling or
pulpotomy treatment was made during the dental procedure
and based on clinical findings. After the administration of
anesthesia at each visit, the patients’ pain levels were assessed
using the Wong-Baker Faces Pain Rating scale (Wong-Baker)
and the Face, Legs, Activity, Cry, Consolability (FLACC)
scale. All dental instruments were presented using the “tell-
show-do” technique. A total of 56 procedures were conducted
and categorized into two groups based on the anesthesia tech-
nique. Fig. 1 shows the CONSORT flow diagram of the
study. To avoid the influence of positive or negative memories,
none of the children had prior experience with local dental
anesthesia.

2.3.1 Injection with the NF system
The Comfort-in™ anesthesia device (needle-free injection de-
vice, Mika Medical Global Co, Busan, Korea) (Fig. 2) was
the NF system used in this study. This system has a micro-
hole (0.15 mm) that injects an anesthetic solution under the
mucosa. The pressure can be controlled according to the dose
of the drug to be used, thereby reducing the pain that may occur
with traditional needles. Before the injection, the childrenwere
introduced to the popping sound of the device to prevent reflex
reactions and were told it would feel like a gentle pinch to
their gum. The NF injection device was prepared following
the manufacturer’s instructions [19]. It was placed in full
contact with the buccal gingiva, and a pre-measured dose of
0.1 mL was administered to the buccal region for topical use
by pressing the top of the device. After 10–15 seconds, the
procedure was repeated using a drawn dose of 0.3 mL. Five
minutes after the treatment began, the children were instructed
to raise their hand if they felt any pain during the procedure.
Each time the child expressed pain, an additional 0.3 mL of
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FIGURE 1. Consolidated standards of reporting trials flow diagram. FLACC: Face, Legs, Activity, Cry, Consolability.

FIGURE 2. Comfort-in injection system and its intraoral application.
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anesthetic solution was administered according to the same
protocol until a sufficient anesthetic effect was achieved. The
final amount of anesthetic solution was recorded in milliliters
(mLs). Precautions were taken to prevent tissue ballooning.
After the treatment, the duration of the analgesic effect (in
minutes) was recorded by monitoring the time from the admin-
istration of anesthesia until the sensation of numbness in the
patient had subsided. The presence of postoperative pain was
assessed via a phone call one day after the procedure, during
which pain was evaluated verbally as either present or absent.

2.3.2 Injection using the TM
The TM was administered using a traditional syringe on the
opposite side of the dental arch. The injection site was dried
with a cotton-tip applicator, and topical anesthetic spray (batch
number: 8699844510046, Lidocaine 10%, Vemcain, Tekirdag,
Turkey) was applied to the area with a cotton-tip for 1–2
minutes. A traditional injection was then given using a 27-
gauge, 40-mmdisposable syringe with a needle (batch number:
8699931753479, Genject, İstanbul, Turkey). The penetration
depth was only a few millimeters, and 0.3 mL of anesthetic
solution was administered. After 5 minutes, the treatment
began, and the children were instructed to raise their hand
if they felt pain during the procedure. Each time a child
expressed pain, an additional 0.3 mL of anesthetic solution was
administered according to the same protocol until a sufficient
anesthetic effect was achieved. The final amount of anesthetic
solution was recorded in mLs. Precautions were taken to pre-
vent tissue ballooning. After the treatment, the duration of the
analgesic effect (in minutes) was recorded by monitoring the
time from the administration of anesthesia until the sensation
of numbness had subsided. The presence of postoperative pain
was assessed through a phone call one day after the procedure,
during which the pain was evaluated verbally as either present
or absent.
Both the NF and TM anesthesia techniques were performed

with 4% articaine hydrochloride and 1:100,000 epinephrine
(Ultracaine D-S; Hoechst Canada Inc., Montreal, QC, Canada)
as the anesthetic agent. When administering local anesthesia in
children, the maximum dose of local anesthesia was calculated
using weight-based dosing to minimize the risk of systemic
toxicity.

2.3.3 The Wong-Baker assessment
Pain levels were subjectively assessed using the Wong-Baker
scale [25], which evaluates the unpleasantness or emotional
aspect of a child’s pain experience. The scale includes a
series of cartoon faces displaying different expressions, from
smiling/laughing to crying, and each child is asked to choose
the face that best represents their level of discomfort. Each face
is assigned a numerical value from 0 (smiling, “no hurt”) to 5
(crying/screaming, “hurts the most”). This scale was carefully
explained to the children beforehand. Immediately following
each injection, the children were asked to rate the pain they
experienced using the Wong-Baker scale.

2.3.4 The FLACC assessment
Pain level was also evaluated using the FLACC scale [26].
This assesses five categories: face, legs, activity, cry and

consolability. Each category is scored as 0, 1 or 2, resulting
in a total score ranging from a minimum of 0 to a maximum of
10. Based on this scale, 0 indicates quiet and relaxed (no pain),
1–3 signifies mild discomfort or pain, 4–6 represents moderate
pain and 7–10 indicates severe pain.

2.4 Data collection
A structured form was designed to collect information regard-
ing the patient’s age, gender, injected tooth number, type of
dental treatment (filling or pulpotomy), the total amount of
LA used, the duration of the analgesia effect, the postoperative
pain (after one day), the Wong-Baker score after injection, and
the FLACC score during injection.

2.5 Statistical analysis
The data were analyzed using SPSS software (2024 trial ver-
sion, IBM SPSS Statistics, Armonk, NY, USA). Paired t-tests
or Wilcoxon nonparametric tests were used to compare data
within groups over the two time periods based on whether
the data was normally distributed. The Chi-square test was
used to compare discrete random variables. Spearman’s Rho
correlation coefficient was used to find relationships between
continuous variables. A p-value ≤ 0.05 was considered statis-
tically significant.

3. Results

A total of 28 children, 18 girls (64.3%) and ten boys (35.7%),
aged between 6–12 years participated in the study. The mean
age was 8.07 years, with a standard deviation of 1.41 years. At
the end of this study, a total of 56 injections were administered
to 28 children, with 28 NF injections and 28 TM injections.
In the study, when the distributions of the parameters (gen-

der, type of dental treatment, type of teeth and postoperative
pain) were evaluated according to the type of injection tech-
nique, we found no statistically significant difference between
the groups (Table 1).
The group that received the NF system on the first visit and

the TM on the second is designated as the NF-TM group, while
those who received the TM on the first visit and the NF system
on the second is referred to as the TM-NF group. As shown
in Table 2, the Wong-Baker scores in the NF-TM group were
4.44 ± 3.28 and 1.55 ± 0.88, respectively. In contrast, in the
TM-NF group, the Wong-Baker scores were 1.68 ± 1.91 and
2.52 ± 2.56, respectively. In both cases, regardless of the
method of anesthesia applied first, no significant difference
was found between the groups. For the FLACC scores, a
significant difference was observed in the TM-NF group (p =
0.025), while for the NF-TM group, no significant difference
was observed (p = 0.141). There were significant differences
in the amount of anesthetic solution and the duration of the
analgesia effect between the first and second visits for both
injection methods, respectively (p = 0.003 for NF-TM and p
< 0.0001 for the TM-NF groups). The anesthetic solution
used for the first NF injection visit was 0.91 ± 0.48 mL. For
the second NF injection visit, it was 0.65 ± 0.30 mL. These
amounts were statistically lower than the anesthetic solution
needed for the TM injections during both visits. In the first
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TABLE 1. Distribution of injection techniques based on evaluation parameters.

Variables Needle Free (NF)
n

Traditional Method (TM)
n Total p

Gender
Girl 18 18 36

1.000
Boy 10 10 20

Type of dental treatment
Filling 22 14 36

0.051
Pulpotomy 6 14 20

Type of teeth injected
1st primary molar 12 7 19

0.259
2nd primary molar 16 21 37

Post-op pain (after one day)
Pain 5 7 12

0.746
No pain 23 21 44

The Chi-square test (χ2-test) was also used to compare discrete random variables.

TABLE 2. Comparison of the 1st visit and 2nd visit measurements for continuous random variables in needle
free-traditional method and traditional method-needle free.

1st visit 2nd visit p
Wong-Baker (WB) Scores

Needle Free-Traditional Method 4.44 ± 3.28 1.55 ± 0.88 0.056
Traditional Method-Needle Free 1.68 ± 1.91 2.52 ± 2.56 0.119

FLAAC
Needle Free-Traditional Method 0.78 ± 1.09 0.11 ± 0.33 0.141
Traditional Method-Needle Free 0.21 ± 0.41 0.68 ± 0.67 0.025

Amount of Anesthetic Solution (mL)
Needle Free-Traditional Method 0.91 ± 0.48 1.62 ± 0.38 0.003
Traditional Method-Needle Free 1.37 ± 0.42 0.65 ± 0.30 <0.0001

Duration of the Analgesia Effect (min)
Needle Free-Traditional Method 85.00 ± 39.05 130.00 ± 50.74 0.001
Traditional Method-Needle Free 140.00 ± 59.97 90.26 ± 43.25 <0.001

Paired t-test was used.
Values with a p-value ≤ 0.05 are presented in bold.
Needle Free-Traditional Method group: 1st visit Needle Free and 2nd visit Traditional
Method was used of injection.
Traditional Method-Needle Free group: 1st visit Traditional Method and 2nd visit Needle
Free was used of injection.
FLACC: Face, Legs, Activity, Cry, Consolability.

visit, the mean duration of the analgesia effect in the NF group
was 85.00 ± 39.05 min, whereas in the second visit, it was
90.26 ± 43.25 min. In the TM group, the mean anesthesia
duration for the first and second visits was 140.00± 59.97 min
and 130.00 ± 50.74 min, respectively. Regardless of the visit
in which it was first applied, the duration of the analgesia effect
in the NF group was significantly shorter than in the TM group
(p < 0.001).

When the first and second visits were evaluated, the Wong-
Baker and FLACC scores were higher in the NF group com-
pared to the TM group in both visits (Figs. 3,4). Additionally,

the amount of anesthetic solution and duration of the analgesia
effect were lower in the NF group compared to the TM group
in both visits (Figs. 5,6).

The effects of gender differences on the Wong-Baker and
FLACC scores for NF and TM injections administered in
different sequences over two sessions were also evaluated. In
our analysis, we found no significant differences between the
groups (Table 3). We also evaluated the effect of the type
and sequence of restorations (filling-filling, filling-pulpotomy,
pulpotomy-filling) on the Wong-Baker and FLACC scores for
NF and TM injections administered in different sequences over
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FIGURE 3. Changes in Wong-Baker scores for Needle Free (NF) and Traditional Method (TM) injection methods
between the 1st and 2nd visits. The blue line represents the 1st visit, while the green line represents the 2nd visit. NF-TM
represents: 1st visit Needle Free and 2nd visit Traditional Method. TM-NF represents: 1st visit Traditional Method and 2nd visit
Needle Free.

FIGURE 4. Changes in FLACC scores for Needle Free and TraditionalMethod injections between the 1st and 2nd visits.
The blue line represents the 1st visit, while the green line represents the 2nd visit. NF-TM represents: 1st visit Needle Free and
2nd visit Traditional Method. TM-NF represents: 1st visit Traditional Method and 2nd visit Needle Free. NF: Needle Free; TM:
Traditional Method.



134

FIGURE 5. Changes in amount of anesthetic solution (mL) for needle free and traditional method injections between
the 1st and 2nd visits. The blue line represents the 1st visit, while the green line represents the 2nd visit. NF-TM represents: 1st
visit Needle Free and 2nd visit Traditional Method. TM-NF represents: 1st visit Traditional Method and 2nd visit Needle Free.
NF: Needle Free; TM: Traditional Method.

FIGURE 6. Changes in duration of the analgesia effect (min) for needle free and traditional method injections between
the 1st and 2nd visits. The blue line represents the 1st visit, while the green line represents the 2nd visit. NF-TM represents: 1st
visit Needle Free and 2nd visit Traditional Method. TM-NF represents: 1st visit Traditional Method and 2nd visit Needle Free.
NF: Needle Free; TM: Traditional Method.
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TABLE 3. Wong-Baker and FLACC scores in Needle Free-Traditional Method and Traditional Method-Needle Free
groups based on gender.

Gender Needle Free-Traditional Method Group p Gender Traditional Method-Needle Free Group p
1st visit

Needle Free
2nd visit
Traditional
Method

1st visit
Traditional
Method

2nd visit Needle
Free

Wong-Baker

Girl, N = 6 4.1,
(1.500–8.500)

2,
(0–2.000) 0.141 Girl, N = 12 2,

(0.500–2.000)
1,

(0–3.500) 0.558

Boy, N = 3 4.1,
(2.000–4.000)

2,
(2.0–2.000) 0.180 Boy, N = 7 0,

(0–4.000)
2,

(2.000–4.000) 0.059

FLACC
Girl, N = 6 0, (0–1.500) 0, (0–0.250) 0.414 Girl, N = 12 0, (0–0) 0.5, (0–1.000) 0.053
Boy, N = 3 1, (0–1.000) 0, (0–0) 0.180 Boy, N = 7 0, (0–1.000) 1, (0–1.000) 0.317

Wilcoxon nonparametric test was used.
Needle Free-Traditional Method group: 1st visit Needle Free and 2nd visit Traditional Method was used for injection.
Traditional Method-Needle Free group: 1st visit Traditional Method and 2nd visit Needle Free was used for injection.
The values are presented as Median, (Inter Quartile Range).
FLACC: Face, Legs, Activity, Cry, Consolability.

two sessions. Our results found no significant differences
between the groups (Table 4).
Whether the type and sequence of different restorations

administered in different sequences over two sessions with NF
and TM injections resulted in any differences in the amount
of anesthetic solution used is shown in Table 5. There was
a significant difference in the amount of anesthetic solution
used in the TM-NF group, the group that received fillings in
both the first and second sessions, and the group that received
pulpotomy in the first session and a filling in the second
session. A significantly lower amount of anesthetic solution
was usedwith the NF injection system in both groups (Table 5).
According to the Spearman’s Rho correlation coefficient

test, no correlation was found between age and Wong-Baker
scores, FLACC scores, or the amount of anesthetic solution
administered (p = 0.830, p = 0.436 and p = 0.976, respec-
tively). Similarly, no correlation was found between Wong-
Baker scores and the amount of anesthetic solution adminis-
tered (p = 0.537) and Wong-Baker scores and the duration of
the analgesia effect (p = 0.468). However, a negative correla-
tion was found between the FLACC score and the amount of
anesthetic solution (p = 0.033). Moreover, a positive correla-
tion was found between the FLACC scores and Wong-Baker
scores and between the dosage administered and the duration
of the analgesia effect (p < 0.001, p = 0.009, respectively).

4. Discussion

This study compared an NF injection system (Comfort-in™)
with the traditional syringe injection technique in terms of
pain during buccal infiltration injections for the treatment of
maxillary primary molars in pediatric patients. Few studies
have compared pain perception between TMs and NF injection
systems (such as Comfort-in) during primary molar treatment
in children [20, 22, 23]. Moreover, this is the first crossover
clinical trial to assess both TMs and NF injection systems

(Comfort-in) in terms of measuring the amount of anesthetic
solution needed for painless treatment in primary molars, eval-
uating postoperative pain one day after the procedure, and
measuring the duration of anesthesia within the same study
design.
A child’s response to dental treatment is complex, influ-

enced by factors such as age, temperament, anxiety levels,
parental anxiety and previous dental experiences [27]. To
minimize the effects of previous negative dental experiences
and varying anxiety levels, our study focused on children
who had not received local anesthesia before and exhibited
either “positive” or “definitely positive” behavior according
to the FBS. The measurement of pain as an absolute value
is challenging as it differs between individuals based on their
age, developmental level, cognitive and communication skills,
previous pain experiences, cultural beliefs and norms, fear
and anxiety [28]. Self-reported scales are frequently used to
measure pain in children. Among the various tools available
to assess pediatric pain severity are facial expression draw-
ings [20–23, 29]. The visual analog scale (VAS) is the most
commonly used tool in acute pain research due to its ease of
administration and validation in adults and older children [30].
However, it has been reported that only one-third of children
between the ages of 5 to 14 years comprehend the VAS for pain
assessment. Additionally, it has been observed that children
who understand the VAS are older than those who do not, with
an age difference between 5–10 years and 11–14 years [31].
In contrast, the Wong-Baker scale is effective in subjective
pain assessment and can differentiate between pain and fear
in school-aged children [30]. The FLACC behavioral scale
includes various behavioral categories and descriptors that
have been consistently linked to pain in both young and older
children. It is considered reliable and sensitive for assessing
procedural pain in children [32].
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Type of Dental Treatment Needle Free-Traditional Method Group p Type of Dental Treatment Traditional Method-Needle Free Group p

1st visit Needle Free 2nd visit Traditional Method 1st visit Traditional Method 2nd visit Needle Free
Wong-Baker

Filling-Filling, N = 4 7, (3.000–9.500) 2, (0.500–2.000) 0.109 Filling-Filling, N = 8 2, (0.500–2.000) 2, (0.500–5.500) 0.167
Filling-Pulpotomy, N = 3 4, (2.000–4.000) 2, (0–2.000) 0.180 Filling-Pulpotomy, N = 2 0, (0–0) 1, (0–1.000) 0.317
Pulpotomy-Filling, N = 2 1, (0–1.000) 2, (2.000–2.000) 0.317 Pulpotomy-Filling, N = 9 2, (0–3.000) 2, (0–4.000) 0.655

FLACC
Filling-Filling, N = 4 0.5, (0–2.500) 0, (0–0) 0.180 Filling-Filling, N = 8 0, (0–0) 1, (0–1) 0.096
Filling-Pulpotomy, N = 3 1, (0–1.000) 0, (0–0) 0.180 Filling-Pulpotomy, N = 2 0, (0–0) 0.5, (0–0.500) 0.317
Pulpotomy-Filling, N = 2 0, (0–0) 0.5, (0–0.500) 0.317 Pulpotomy-Filling, N = 9 0, (0–1.000) 1, (0–1.000) 0.257

Wilcoxon nonparametric test was used.
Needle Free-Traditional Method group: 1st visit Needle Free and 2nd visit Traditional Method was used for injection.
Traditional Method-Needle Free group: 1st visit Traditional Method and 2nd visit Needle Free was used for injection.
The values are presented as Median, (Inter Quartile Range).
Filling-Filling group: 1st visit filling and 2nd visit filling restoration have been done.
Filling-Pulpotomy group: 1st visit filling and 2nd visit pulpotomy restoration have been done.
Pulpotomy-Filling group: 1st visit pulpotomy and 2nd visit filling restoration have been done.

TABLE 5. Amount of anesthetic solution (mL) in Needle Free-Traditional Method and Traditional Method-Needle Free groups based on type of dental treatment.
Type of Dental Treatment Needle Free-Traditional Method Group p Type of Dental Treatment Traditional Method-Needle Free Group p

1st visit Needle Free 2nd visit Traditional Method 1st visit Traditional Method 2nd visit Needle Free
Amount of Anesthetic Solution (mL)

Filling-Filling, N = 4 0.65, (0.325–1.125) 1.3, (1.050–1.850) 0.068 Filling-Filling, N = 8 1.1, (1.000–1.850) 0.55, (0.325–0.900) 0.012
Filling-Pulpotomy, N = 3 0.9, (0.300–0.900) 2, (1.500–2.000) 0.180 Filling-Pulpotomy, N = 2 1.4, (1.300–1.400) 1, (1.000–1.000) 0.180
Pulpotomy-Filling, N = 2 1.35, (1.200–1.350) 1.75, (1.500–1.750) 0.180 Pulpotomy-Filling, N = 9 1.5, (1.100–1.850) 0.6, (0.300–0.900) 0.008

Wilcoxon nonparametric test was used.
Needle Free-Traditional Method group: 1st visit Needle Free and 2nd visit Traditional Method was used for injection.
Traditional Method-Needle Free group: 1st visit Traditional Method and 2nd visit Needle Free was used for injection.
The values are presented as Median, (Inter Quartile Range).
Filling-filling group: 1st visit filling and 2nd visit filling restoration have been done.
Filling-Pulpotomy group: 1st visit filling and 2nd visit pulpotomy restoration have been done.
Pulpotomy-Filling group: 1st visit pulpotomy and 2nd visit filling restoration have been done.
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The purpose of this study was to assess and compare pain
perception rates in pediatric patients using these two scales.
Specifically, we aimed to investigate whether the order of NF
and TM injection administration would result in pain score
changes. Using a crossover design, patients were evaluated
separately based on whether they were in the NF-TM or the
TM-NF group. The crossover design was preferred as it
reduces subject variability and enhances biological homogene-
ity. We rejected our hypothesis that the NF anesthesia method
would lead to lower pain experiences. However, we confirmed
that lower amounts of anesthetic solution were needed during
the dental procedures that used the NF anesthesia method.
A review of the literature comparing various NF systems

and TMs found no consensus on the relative pain levels asso-
ciated with different types of injections used for administering
anesthesia. A study assessing pain during the administration
of NF (Comfort-in) versus conventional anesthesia in adult
patients with symptomatic irreversible pulpitis concluded that
patients in the Comfort-in group reported significantly less
pain during the anesthesia application compared to those in
the conventional group [33]. Another clinical study evalu-
ated the effectiveness and patient preference of an NF system
versus traditional anesthesia (TA) on pain perception during
palatal injection anesthesia (PIA) in children and reported
significant differences between TA and the NF system based
on Wong-Baker and FLACC scale scores, with the TA group
experiencing significantly higher pain ratings during PIA [23].
Conversely, a 2022 study evaluated the effect of NF dental
anesthesia compared to intraosseous anesthesia on injection
pain for inferior alveolar nerve blocks in children aged 8 to
10 years. The study concluded that both injection methods
resulted in similar pain perception during the application of
local anesthesia [21]. Similarly, in another recent study, the
pain perception of the NF and dental needle injection system in
children requiring infiltration anesthesia was evaluated. Pain
scores were assessed using the Wong-Baker scale postinjec-
tion, during treatment and posttreatment. After the study, the
authors reported an average pain score of 4.128 ± 2.779 for
the NF system and 3.957 ± 3.131 for the dental needle during
injection, suggesting no significant difference in perceived
pain between the two methods [22]. Pain perception was also
evaluated in children aged 4 to 11 years undergoing filling and
pulpotomy treatments using NF (Comfort-in) and traditional
dental needle anesthesia. The study reported no significant
difference in treatment and posttreatment Wong-Baker pain
scores between the needle and NF groups for both types of
treatment [20]. Similarly, in our study, we compared the pain
values of NF and traditional anesthesia administered before
filling and pulpotomy treatments. We found no significant
difference in the Wong-Baker scores between the two groups,
regardless of the order in which the anesthesia was applied.
Recent studies have also used the FLACC scale to rate

behavior in children during dental anesthesia administration
[20, 23, 29]. In the present study, while there was no significant
difference inWong-Baker pain scores between the two groups,
in the TM-NF group, FLACC scores were significantly higher
during the NF anesthesia visit. This may be due to the sud-
den pressure and noise produced during the discharge of the
Comfort-in system solution. As a result, this may have caused

high scores on the FLACC test, which subjectively evaluates
children’s face, legs, activity, cry and consolability parameters
during anesthesia.
The present study has demonstrated the efficacy of the NF

injection technique, with lower amounts of anesthetic solution
as a practical alternative to TM for dental treatment in children.
However, the use of a reduced amount of anesthetic solution
also shortens the duration of anesthesia in patients. The mean
duration of anesthesia was significantly shorter with the NF
system than with the TM in the present study; however, the NF
technique provided an acceptable success rate. Moreover, self-
inflicted injury depends on the duration of local anesthesia.
The use of short-acting LA reduces the risk of lip and cheek
biting, and long-acting LA are not recommended for children
as the prolonged effect increases the risk of soft-tissue injury.
The type of administration method affects the frequency of
postprocedural adverse events, the most common of which is
self-inflicted trauma. The ability of children to successfully
cope with soft-tissue numbness may increase with age, result-
ing in reduced accidental lip/cheek injuries, even with longer-
lasting soft-tissue anesthesia [34].
The effects of NF and dental needle anesthesia on pain

perception and dental anxiety were compared in a study that
reported similar results in both groups for “pain on postopera-
tive 1st-day” values. In the same study, it was also reported
that the level of posttreatment pain may vary depending on
several factors, including the type of treatment, the extent of
tissue damage, and the duration of the numbness sensation.
The authors explained that Comfort-in can cause tissue injury
and hemorrhage due to the high pressure during administration.
However, the comparable outcomes with needle anesthesia
may be attributed to children’s capacity to tolerate these in-
juries and bleeding [22]. In the present study, and similar
to the previous research, postoperative pain one day after the
procedure was similar for both anesthesia methods. In another
recent study, it was observed that treatment and posttreatment
pain values recorded for patients undergoing filling and pulpo-
tomy procedures exhibited no significant difference between
the needle and NF groups [20]. Similarly, in our research
comparing NF-TM and TM-NF groups, despite filling and
pulpotomy treatments being performed in different sequences,
we found no significant differences in the Wong-Baker and
FLACC values.
A literature review uncovered only one study that compared

the effectiveness of NF (Comfort-in) and needle injection in
children undergoing filling and pulpotomy treatments, with a
focus on the amount of anesthetic solution. It was reported
that the application of 0.3 mL of anesthetic solution using
the NF method for filling and pulpotomy was as effective as
infiltrative anesthesia using TMs [20]. However, no study
comparing the amount of anesthetic solution and the duration
of the anesthetic effect for both injection methods was found.
In the current study, the amount of anesthetic solution used in
the NF-TM and TM-NF groups was comparatively evaluated
during pulpotomy and filling treatments. Significantly higher
amounts of solution were used when filling was performed
after TM anesthesia in the first session compared to when
filling was performed after NF anesthesia in the second ses-
sion. Similarly, significantly higher amounts of solution were
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used when a pulpotomy was performed after TM anesthesia
in the first session than when filling was performed after NF
anesthesia in the second session. The idea that a higher amount
of solution may have been used for pulpotomy compared to
filling is reasonable, given that pulpotomy treatment involves
the pulp tissue. However, in both sessions where filling treat-
ments were performed, the use of a lower dose of LA solution
with NF injections compared to the TM can be explained by
the mechanism of the Comfort-in system, which uses a small,
high-pressure stream of anesthetic solution that penetrates the
oral mucosa and delivers the solution into the underlying
tissue. We believe that, with the submucosal delivery system,
a lower amount of solution may be sufficient to achieve local
anesthesia compared to the needle anesthesia method.

The study has limitations, including a lack of comparison
between the injection systems in terms of patient preferences
and the absence of physiological or biological markers to
evaluate pain perception during injection. Another limitation
is that it was not possible to keep the participants blinded
to the method used during the local anesthesia application.
Furthermore, there was a limited population in each group
when assessing the effect of pain scores by gender/type of
restoration or the amount of anesthetic solution used in relation
to the type of restoration when evaluated according to the
order of administering NF and TM injections. However, the
results of this study remain significant in providing tendency
and insight.

Successful anesthesia is a technique dependent on a number
of factors that can be related to either the patient or the operator.
The results of the present study raise questions concerning the
effectiveness of the NF injection system in less cooperative
children. Therefore, further research on pediatric patients with
varying levels of cooperation is recommended.

5. Conclusions

Children experienced similar levels of pain with the NF system
and TM. However, we also showed that the NF injection
system is a promising approach to use with uncooperative
children. Further research is recommended to explore the
effect of the NF system on pediatric patients with varying
levels of cooperation.
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