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Abstract

Background & Aim: This research aims to find alternatives to the traditional
painful palatine local injection used during the extraction of upper temporary
teeth. The study seeks to enhance the effectiveness of EMLA cream over a
suitable duration for child response (3 minutes) by utilizing drug delivery
systems, including a permeability enhancer (DMSO), oral patches, and
microneedle patches for palatine injections while using only lidocaine injections
from the vestibular side.

Materials and Methods: The research sample consisted of 75 children, who
were

randomly divided into five groups of 15 children each. The studied material or
method was applied to each group as follows:

Group 1: (Conventional local palatine injection (control group)).

Group 2: (EMLA cream only).

Group 3: (Chemical permeability enhancer DMSO with EMLA cream).

Group 4: (Oral patches with EMLA Cream).

Group 5: (Microneedle patches dissolved with EMLA Cream).

Physiological scales were utilized to assess pain in the study. A pulse oximeter
was employed to measure heart rate and oxygen saturation at different stages of
the procedure (application, probing, and extraction) across the various groups
being studied.

Results: The findings revealed that, at a 95% confidence level, there were no
statistically significant differences in the average changes in oxygen saturation
among the groups at any of the stages analyzed. Additionally, during the
extraction phase, no significant differences were found in the average changes in
heart rate between the research groups. However, for the other stages
(application and probing), the significance level was found to be less than 0.05.
Conclusion: Both conventional palatal injections and extractions are generally
painful procedures. By incorporating drug delivery systems, we can enhance the
efficiency and comfort of the procedure for children.
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Introduction:

Needle insertion and infusion of anesthetic solution
into the palate can significantly impact children's
comfort and acceptance of dental treatment, often
leading to aversion from the very first step of the
process (Tirupathi, Rajasekhar, et al. 2020). Several
studies have explored various methods to alleviate the
pain associated with palatal injections, including: -
Computer-controlled delivery devices (de Camargo
Smolarek, da Silva, et al. 2021).

- Local anesthetic alkalization (Gupta, Kumar et al.
2018).

- The use of 30-gauge insulin needles (Asokan, Rao et
al. 2014).

- Pre-cooling of the palate (Chilakamuri, Nirmala, et
al. 2020).

- Vibration devices (e.g., dental vibe) (de Camargo
Smolarek, da Silva, et al. 2021).

- Heating local anesthetics (Glimiis and Aydinbelge
2020).

- Traditional surface anesthetics, such as benzocaine
and lidocaine (Tirupathi, Rajasekhar et al. 2020).
While some studies have praised the effectiveness of
these methods in reducing the pain of traditional
palatal injections, others have found no significant
differences (Primosch and Rolland-Asensi 2001;
Nusstein, Lee, et al. 2004; Maia, Lemos et al. 2021).
As the pain associated with palatal needles remains
significant, some research has focused on alternatives
to injections, such as:

- Utilizing local anesthetic articaine for infiltration
from the vestibular side to the palate (Rathi, Khatri, et
al. 2019; Gholami, Banihashemrad et al. 2021).

- Inserting a needle from the vestibular side of the
interdental papilla over the alveolar bone to achieve
anesthesia of the palatal papilla and surrounding
gingiva (Janjua, Lugman et al. 2012).

— Applying EMLA cream as a surface anesthetic
(Chugh, Singh, et al. 2021).

- Some researchers have even questioned the necessity
of administering palatal anesthesia based on their
beliefs (Badcock and McCullough 2007; Badenoch-
Jones and Lincoln 2016; Cui, Zhang et al. 2018). The
results of these alternative procedures have been
varied. In our study, for the first time, we utilized drug
delivery systems (DDS) to enhance the effectiveness
of EMLA cream as an alternative to palatal injections.
DDS, or Drug Delivery System, is defined as an
effective method that enhances the impact of surface
drugs by reducing the properties of the mucosal
barrier. This is achieved through various mechanisms,

which are typically categorized into two main types:
physical methods and chemical methods. Physical
methods include techniques such as pre-cooling,
vibration, ion transport, and microneedle arrays.
Chemical methods involve the use of permeation
enhancers and nanostructured carriers, which include
liposomes, cyclodextrin, polymeric nanoparticle
systems, solid lipid nanoparticles, and nanostructured
lipid carriers. Additionally, polymer-based dosage
forms such as hydrogels, bio-adhesive films, and
patches also fall under this category. Combining
different chemical and physical methods offers a
promising approach to achieving effective anesthesia
in the oral mucosa (San Chong, Miller, et al. 2014;
Franz-Montan, Ribeiro, et al. 2017). Thus, this
randomized controlled clinical study aims to eliminate
the need for traditional palatal local injections during
maxillary primary tooth extractions. The study seeks
to enhance the effectiveness of EMLA cream within a
child-friendly tolerance time of 3 minutes by utilizing
one of the following drug delivery systems: DMSO,
oral patches, or microneedle patches. This approach
would provide palatal anesthesia without needing
traditional local injections, relying instead on a
lidocaine injection from the vestibular side.

Research Materials and Methods:

The research sample consisted of 75 children who
visited the pediatric dentistry clinics at Damascus
University. The inclusion criteria for the study were as
follows: A. Children aged 7 to 11 years. B. Presence
of upper primary teeth indicating the need for
extraction. C. Children who have never experienced
dental trauma. D. Healthy children without
neurological disorders or other general health issues.
E. Cooperative children are classified as having
positive or very positive behavior according to
Frankel's behavioral scale. F. Children in the target
sample had not received any sedatives or painkillers
within three hours before the dental procedures.
Exclusion criteria included: A. Allergy to local
anesthetics. B. Congenital or  idiopathic
methemoglobinemia (Borle, 2014). C. Treatment with
drugs that stimulate methemoglobin production. D.
Presence of teeth with acute abscesses. Ethical
approval was obtained from the Ethical Research
Committee at Damascus University (Approval No.
1999) and permission was received to register the
research in the clinical trials registry (Registration No.
05187494). Detailed explanations of the procedures
were provided to the parents, outlining the potential
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benefits and risks, along with obtaining their written
consent. The children included in the study were
randomly assigned to five groups, with each group
containing 15 children, as follows:

- Group A: Traditional local palatal injection (control)
- Group B: EMLA cream alone

— Group C: DMSO chemical permeability enhancer
with EMLA cream

- Group D: Oral patches containing EMLA cream

- Group E: Dissolvable microneedle patches with
EMLA cream

The following steps were followed in the exact order:
**A.** The child was seated in the dental chair and
allowed to wait for 5 minutes to ensure a stable and
comfortable position.

**B.** |nitial measurements including heart rate and
oxygenation levels were recorded using an Oxywatch
fingertip pulse oximeter (Germany) at the beginning
of the procedure.

**C.** The materials being studied were applied to
the palatal side only, with each group receiving a
different treatment:

- **Group A: Traditional Palatal Local Injection
(Control)** A traditional palatal injection was
administered using an anesthetic (Lidocaine HCL 2%
with Epinephrine 1:80000, Korea) as shown in Figure
8.

- **Group B: EMLA Cream Alone** The palatal
mucosa was dried with a 2x2 cotton ball, and then
0.2g of 5% EMLA cream (Aspen, Sweden) was
applied 1 mm from the palatal gingival margin using
cotton swabs for 3 minutes (Barcohana, Duperon et
al., 2003). The area of application measured 14x14
mm, and the mouth remained open throughout the
procedure, with saliva controlled using a salivary
aspirator.

- **Group C: DMSO Chemical Permeability
Enhancer with EMLA Cream** The palatal mucosa
was dried with a 2x2 cotton ball, and then 0.2g of 5%
EMLA cream (Aspen, Sweden) mixed with DMSO
permeability enhancer was applied 1 mm from the
palatal gingival margin. In a laboratory at the Faculty
of Pharmacy, Damascus University, for every 10g of
5% EMLA cream, 1.026g of 100% DMSO was added
using a Sartorius electronic balance, following the
method outlined by Ray and Hodges (2015). The
mixture was blended with a spatula to achieve a
homogeneous consistency (refer to Figures 1-5). The
application was performed with a cotton swab for 3
minutes, and the mouth remained open throughout the

procedure, with saliva managed using a salivary
pipette.

- **Group D: Oral Patches with EMLA Cream** The
palatal mucosa was dried with a 2x2 cotton ball, after
which 0.2g of 5% EMLA cream (Aspen, Sweden) was
applied 1 mm from the palatal gingival margin using a
14x14 mm oral patch (Stomahesive, Convatec, USA)
for 3 minutes, with the mouth closed during the
procedure.

- **Group E: Dissolvable Microneedle Patches with
EMLA Cream** The palatal mucosa was dried with a
2x2 cotton ball, then 0.2g of 5% EMLA cream
(Aspen, Sweden) was applied 1 mm from the palatal
gingival margin with a 14x14 mm, 0.25-micron
dissolvable microneedle patch (Rael Microneedle
Patches, California) for 3 minutes, also with the mouth
closed throughout the application. The following
parameters were recorded: heart rate and oxygenation
rate using a pulse oximeter. At each stage of the
procedure, the following were measured:

1. **Application:** This aimed to determine the
reaction and extent of acceptance of the applied
material (see Figures 31, 24, 18, 13, 8).

2. **Probing:** A dental probe was used in contact
with the bone to assess the effectiveness of palatal
anesthesia (Primosch and Rolland-Asensi  2001;
Franz-Montan, De Paula et al., 2012) (see Figures 32,
25, 19, 14, 9).

*Note: If the child exhibited any intolerable negative
reaction during probing, a traditional palatal injection
would be performed.* After completing the probing
phase, a standardized waiting time of 1 minute was
observed, after which the vestibular mucosa was
anesthetized using an anesthetic (Lidocaine HCL 2%
with Epinephrine 1:80000, Korea). The dosage was
proportionate to the child's weight and administered
slowly, followed by an additional wait time of 5
minutes to achieve deep anesthesia (Dasarraju and
Nirmala 2020).

3. **Extraction:** This step aimed to assess the
child's reaction during the extraction and the ability to
complete the procedure (see Figures 33, 26, 20, 15,
10). It is important to note that neither the child nor
the treating physician could be blinded due to the
differences in the application materials used among
the studied groups (Chugh, Singh et al., 2021).
However, the statistical analyst was blinded, and the
encoding was not deciphered until after the results
were analyzed.

Figures Related to the Methods
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Figure 5:Homogeneous consistency of the mixture
(DMSO - EMLA).

Figure 6:A child from group A.

Figure 8: Application of conventional palatal injection.

Figure 7: A second temporary maxillary left molar.
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Figure 10: Extraction.

Figure 14: Probing.

Figure 15: Extraction.

Figure 12: A first temporary maxillary left molar.

Figure 16: A child from group C.

20 [ 6 Asiall



Investigating the impact of drug delivery systems on the efficacy....... Babakurd and azzawi

Figure 17: A second maxillary temporary molar on the
right.

Figure 22: A temporary maxillary left canine.

Figure 19: Probing. Figure 23: Oral patch combined with EMLA.

Figure 20: Extraction.
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Figure 24: Application of the patch.

Figure 29: Microneedle patches.

Figure 25: Probing.

Figure 30: Microneedle patch combined with EMLA.

Figure 26: Extraction.

Figure 27: A child from group E.

Figure 32: Probing.

Figure 28: A first maxillary temporary molar on the left.
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Figure 33: Extraction.

Statistical Study:

After the data were recorded on special forms, they
were coded and entered into the computer for analysis.
The statistical calculations for the research were
conducted using SPSS version 13.0. The results were
evaluated with a 95% confidence interval and a
significance level of 0.05.

1. A descriptive analysis of the sample was performed.
2. A one-way analysis of variance (ANOVA) test was
conducted to examine the significance of the
differences in the average changes in heart rate and
oxygenation levels among the groups in the research
sample, based on the studied stages. If the ANOVA
results indicated statistically significant differences
between the groups, a pairwise comparison was
performed using the Least Significant Difference
(LSD) method. This was done to identify which

groups differed fundamentally in each of the relevant
stages.

Results:

First: Studying the differences between the five groups
in terms of the amount of change in heart rate
according to the school stage:

Table 1 displays the arithmetic mean, standard
deviation, standard error, minimum, and maximum
values of the changes in heart rate for the research
sample, categorized by groups and study stages.
Stages studied:

When comparing the application of the material to the
pre-work stage.

When comparing palatal probing to the stage of
applying the material.

When extracting, compare it to the stage of probing.
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Table: (1) displays the results of the one-sided ANOVA test, which examines the significance of differences in the

average change in heart rate among the groups in the study, categorized by the studied stage.

Stage GROUPS Number of anesthesia cases|mean Standard|deviation Standard| 10
G3 15 0.40 7.35 1.90
G4 15 -2.40 6.82 1.76
The application G5
of the material 15 -4.33 5.78 1.49
compared to the G2
pre-work stage. 15 1.87 4.82 1.25
G1 (control group) 15 9.67 5.81 150
G3 15 -4.13 6.31 1.63
G4 15 -0.67 4.20 1.09
At the probe G5
stage, compared 15 -3.73 4.96 1.28
to the application G2
stage. 15 1.53 551 1.42
G1 (control group) 15 253 6.14 1.59
G3 15 2.47 5.80 1.50
G4 15 3.07 7.18 1.85
At the extraction G5
comparison to the G2
sounding stage. 15 6.47 7.92 2.04
G1 (control group) 15 3.60 574 148

Table: (2) displays the results of the one-sided ANOVA test, which examines the significance of differences in the

average change in heart rate among the groups in the study, categorized by the studied stage.

stage P VALUE
The application of the material compared to the pre-work stage | 0.000
At the probe stage, compared to the application stage 0.035
At the extraction stage, in comparison to the sounding stage. 0.483

The table indicates that the significance level at the
extraction stage is considerably greater than 0.05
compared to the six stages. This means that at the 95%
confidence level, there are no statistically significant
differences in the average change in heart rate between
the extraction stage and the stage among the groups in
the research sample.

Conversely, the significance level is less than 0.05 for
the rest of the studied sample. This suggests that at the
95% confidence level, there are statistically significant

differences in the average change in heart rate among
at least two of the groups for the concerned patients in
the research sample.

To identify which groups differ significantly in their
ability to induce changes in heart rate, a pairwise
comparison was conducted using the LSD method for
binary pairing between Group C and the other four
groups studied.

- Results of the Binary Comparison Using the LSD
Method

20 < 10 dainall
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Table: (3) presents the results of the binary comparison conducted with the LSD method. This table highlights the
significance of the differences in the average change in heart rate observed when applying the material and during
palatal probing across the research sample groups.

stage I -] 3 P value

G4 0.219

G5 0.040

G3 G2 0.518

The application of the Gl 0.00
material compared to the G5 0.395
pre-work stage. G4 G2 0.063

G1 0.00

G2 0.008

G5 G1 0.00

G2 G1 0.001

G4 0.088

G5 0.842

G3 G2 0.006

At the probe stage, Gl 0.427
compared to the application G5 0.130
P o T G4 G2 0.275
ge- Gl 0.354

G2 0.010

G5 G1 0.551

G2 G1 0.046

The table above indicates that at the 95% confidence
level, there are statistically significant two-way
differences in the average change in heart rate when
the substance is applied in conjunction with the
contrasting phase in the work sample among the
groups studied. The arithmetic mean values suggest
that the ability to change (in absolute terms) heart rate
in the traditional palatal injection group (control
group) is significantly larger compared to the group
exposed to the enhanced nephrotoxicity of the
chemical DMSO.

When DMSO and EMLA were used together, heart
rates increased in the traditional palatal injection
group, whereas they decreased in each of the three
experimental groups: those receiving oral patches with
EMLA cream, soluble microneedles with EMLA
cream, and EMLA cream alone. We observed that
heart rate values decreased in the microneedle patch
group when the substance was used alongside the
contrasting phase of the work.

The solubility of EMLA cream was assessed in the
group that received both the DMSO chemical booster
and the EMLA cream, as well as in the group
receiving only the EMLA cream. Our findings showed
that heart rate values during the palatal application

were higher than during the EMLA cream application
phase. Additionally, heart rates decreased across all
three groups studied: the combination of DMSO and
EMLA cream, dissolvable microneedles with EMLA
cream, and traditional palatal topical injections
(control group).

Regarding the other binary comparisons analyzed, it is
important to note that the significance level values
were greater than 0.05. This means that at the 95%
confidence level, there were no statistically significant
differences in the average change in heart rate when
applying the substance among the different groups in
the research sample.

Discussion:

Research Protocol Analysis

In this study, we started with the palatal side and used
lidocaine as the local anesthetic for the vestibular side
to prevent the possibility of the anesthetic seeping
from the vestibular side to the palatal area, which
could affect the results. Existing literature presents
conflicting evidence regarding the ability of anesthetic
substances to penetrate palatal tissues. Some studies
have praised the effectiveness of 4% articaine over 2%
lidocaine in children when used for vestibular
injections, suggesting that it may eliminate the need
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for palatal injections (Rathi, Khatri, et al. 2019;
Gholami, Banihashemrad, et al. 2021). However, other
research indicates that articaine fails to infiltrate the
palatal tissues effectively (Mittal, Sharma, et al. 2015;
Kolli, Nirmala, et al. 2017).

Our protocol aligned with the findings of Chugh,
Singh, et al. (2021).

The focus of our research was limited to the palatal
side. This is because palatal injections are considered
the most painful injections in the oral cavity. The
palatal mucosa has a strong attachment to the
periosteum, which necessitates applying positive
pressure during administration. Additionally, the thick
keratinized layer of the palatal tissue resists the effects
of surface anesthesia (Franz-Montan, Baroni, et al.
2015; Kolli, Nirmala, et al. 2017; Janani and Kumar
2018; Sundar, Shetty, et al. 2020). Complications such
as burning, ulceration, tissue swelling, and the
reactivation of latent viruses like herpes simplex virus
can also occur in these tissues (Sharma 2017).
Consequently, there has been a shift in contemporary
dentistry toward finding alternatives to palatal
injection (Gunasekaran, Babu, et al. 2020).

Moreover, the depth of penetration of EMLA cream is
comparable to the depth of insertion of the palatine
needle (5 mm) required to reach the superficial
palatine nerve (Reed, Malamed, et al. 2012;
Kageyama, Maeda, et al. 2021). This suggests that it
may be possible to avoid the painful palatal injection
altogether.

There is a notable difference in the study conducted by
Munshi, Hegde et al. (2001), where EMLA cream was
applied on both the vestibular and palatal sides during
maxillary tooth extractions in children aged 4 to 13
years, thus eliminating the need for a needle. This
approach was successful for extracting loose teeth, but
its effectiveness was limited for other cases.

To ensure broader applicability, our study focused
solely on the palatal side due to the anatomical
location of the superior alveolar nerve, which requires
a needle penetration depth of 15 mm (Reed, Malamed
et al. 2012; Kageyama, Maeda et al. 2021). This
restricts the use of EMLA cream on the vestibular
side, where the penetration depth is only 5 mm.
Chugh, Singh et al. (2021) conducted a study that
involved applying 5% EMLA cream solely on the
palatal side, along with an injection of 2% lidocaine
with 80,000:1 adrenaline on the vestibular side,
achieving satisfactory anesthesia in the palatal dome
during maxillary tooth extraction in adults.

In our current study, the time required to apply the
research materials was 3 minutes, which differs from
the 10 minutes taken in both the Munshi et al. (2001)
and Chugh et al. (2021) studies.

It is important to consider that the duration of
treatment is closely linked to children's behavior,
rather than solely the area of local anesthesia or the
complexity of the procedure (Davidovich, Wated et al.
2013). Therefore, Jamali, Najafpour et al. (2018)
recommended that no stage of treatment should
exceed 5 minutes to encourage cooperation from the
child.

Furthermore, Barcohana, Duperon et al. (2003)
indicated that the effectiveness of EMLA cream
remains similar when applied for different time
intervals (10, 5, or 3 minutes). Thus, in this study, we
opted for a 3-minute application time as an alternative
to palatal injection.

Discussion of the Selection of Research

Materials:

The combined surface anesthetic (EMLA)
distinguishes itself from its conventional counterparts
by effectively infiltrating the keratinized tissues in the
palatal vault (Al-Melh and Andersson, 2007). A study
conducted by Vickers, Marzbani et al. (1997)
confirmed that no local harmful effects occurred from
applying a large amount (8 mg) of EMLA cream for
30 minutes. After 40 minutes, the maximum
concentrations of lidocaine (418 ng/ml) and prilocaine
(223 ng/ml) were observed, both of which were
significantly lower than the known toxic levels of
these drugs (4.4 pg/ml and 6.0 pg/ml, respectively).
The inclusion criteria for this research focused on
healthy children aged 7-11 years, thus preventing the
risk of methemoglobinemia.

In our current study, for the first time, we preferred
using DMSO as a permeation enhancer mixed with
EMLA cream, based on evidence that it can penetrate
both hydrophobic and hydrophilic molecules (Notman,
den Otter et al., 2007; Marren, 2011). Additionally,
the patches utilized in this study are designed to
confine the surface anesthetic at the application site,
preventing dilution by saliva. This feature is crucial as
unwanted anesthesia in other areas and an unpleasant
taste can occur from dilution (Al-Melh and Andersson,
2007; Bagesund and Tabrizi, 2008; Madadian and
Renton, 2019).

In 1990, Noven Pharmaceuticals developed an oral
patch containing both lidocaine and benzocaine
(Shehab, Basheer et al., 2015), but a commercial
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product for EMLA cream patches is yet to be released.
Therefore, we used paste patches with manually added
EMLA cream, similar to the methodology in the
studies by Svensson and Petersen (1992) and
Primosch and Rolland-Asensi (2001), where patches
were applied to relieve pain prior to palatal injections.
In our current study, these patches served as an
alternative to injections.

Furthermore, fully soluble microneedles, made from
water-soluble or bioreceptive polymers, dissolve the
drug within the needle matrix, functioning in a single
step (Kang, 2017). A specialized reservoir was
initially manufactured to hold the anesthetic; however,
difficulties in its production and slow release led to the
development of soluble microneedles using
centrifugation technology (Lee, Lee et al., 2020).
Challenges in manufacturing these microneedles and
the absence of a commercial product for oral use
(SERPE) prompted our study to utilize a commercial
product of soluble microneedle adhesives for
application on the palatal dome. This approach offers
a viable alternative to traditional palatal injections,
typically used for treating skin conditions, by
stimulating collagen and elastin through the
micropores created (Cohen and Elbuluk, 2016).
Considering the structural similarities between oral
mucosa and skin (Shaikh, Singh et al., 2011), the
permeability of the oral mucosa is significantly
higher—approximately 4000 times more than that of
skin (Shaikh, Singh et al., 2011). This characteristic
allows skin patches to effectively penetrate the stratum
corneum palatineum and dissolve in the interstitial
fluid, creating micropores (Lee, Lee et al., 2020).
Additionally, the tight adhesion framework
surrounding the microneedle patch was enhanced by
incorporatingg  EMLA  cream, addressing the
disadvantages of EMLA such as low viscosity and a
bitter taste (Primosch and Rolland-Asensi, 2001; Al-
Melh and Andersson, 2007), thereby facilitating a
streamlined, single-step procedure.

Discussion of the Study Results:

This study examined the differences in heart rate
changes among five groups during various stages of
the procedure. The results indicated that there were
statistically significant differences between the groups
when comparing the data from the pre-work stage to
after the application of the material. Analyzing the
arithmetic averages revealed the following order of
heart rate changes:

1. Traditional local palatal injection: 9.67

2. EMLA cream only: 1.87

3. Chemical permeability enhancer (DMSO with
EMLA cream): 0.40

4. Oral patches with EMLA cream: -2.40

5. Soluble microneedle patches with EMLA cream: -
4.33

From these findings, we can conclude that the heart
rate change was most significant in the traditional
palatal injection group, where heart rates increased
significantly. In contrast, all three other groups (oral
patches with EMLA cream, soluble microneedle
patches with EMLA cream, and EMLA cream only)
experienced a decrease in heart rate. Specifically, the
group using soluble microneedle patches with EMLA
cream had the most pronounced decrease, while both
the DMSO chemical permeability enhancer group with
EMLA cream and the EMLA cream-only group
experienced an increase.

These results may be attributed to the higher pain level
associated with the traditional palatal injection, which
was the primary motivation for conducting the study.
Both the EMLA cream-only group and the DMSO
with  EMLA cream group encountered some
disadvantages during application, such as unpleasant
taste, low viscosity, and the requirement to keep the
mouth open throughout the procedure. On the other
hand, the soluble microneedle patch group
successfully avoided the discomforts associated with
EMLA cream, such as taste and viscosity issues.
Additionally, the ability to close their mouths during
application contributed to a higher acceptance rate
among children, as they were less bothered by the
microneedles.

In contrast, the oral patches group, despite having
similar advantages to the microneedle patches, was
less well-received by the children. This may be
attributed to the oral patches' thickness and the
discomfort they caused when the child closed their
mouth.

Furthermore, our findings align with the study by
Primosch and Rolland-Asensi (2001), which compared
benzocaine patches to oral patches containing EMLA
cream and found no evidence indicating that paste
patches were superior in terms of comfort and
acceptance among children. However, our results
diverged from those in the study conducted by
Svensson and Petersen (1992), which demonstrated
the effectiveness of paste patches (when combined
with EMLA cream) in reducing pain before a palatal
injection in adult patients. In that study, three out of
twenty patients reported dissatisfaction, primarily due
to the unpleasant taste, which led to mild vomiting
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reactions, likely attributed to the larger 3x3 cm
patches used.

When comparing the changes in heart rate during
palatal probing across different application methods,
we found statistically significant differences between
the group applying only EMLA cream and each of the
three other groups studied: those using the chemical
permeability enhancer DMSO with EMLA cream,
soluble microneedle patches with EMLA cream, and
traditional palatal local injections.

Analyzing the arithmetic averages of the heart rate
changes, we observed the following order among the
groups:

- **EMLA cream only**: 1.53

- **Qral patches with EMLA cream**: -0.67

- **Traditional palatal local injection**: -2.53

- **Dissolvable microneedle patches with EMLA
cream**: -3.73

- **Chemical permeability enhancer DMSO with
EMLA cream**: -4.13

From this data, we conclude that heart rates during
palatal probing increased in the group that received
EMLA cream alone, while they decreased in each of
the three other groups (DMSO with EMLA cream,
soluble microneedle patches with EMLA cream, and
traditional palatal local injection).

This difference can be attributed to the application
time of EMLA cream (3 minutes), which was likely
insufficient when not combined with one of the
delivery systems.

Furthermore, we found that the physical
(microneedles) and chemical (permeability enhancer)
delivery systems were more effective in achieving
anesthesia within a 3-minute timeframe, which is
suitable for children's acceptance. Their efficacy was
comparable to that of the palatal injection (the control
group), in contrast to the pharmaceutical delivery form
from the oral patches.

It is worth noting that there are no previous clinical
studies that have measured changes in heart rate
during probing.

The current study aligns with the findings of Daly,
Claydon et al. (2021), which demonstrated that
applying a solid microneedle patch containing 5%
lidocaine gel significantly reduces pain from local
anesthetic injections in adult patients. This study
compared the microneedle patch with a 5% lidocaine
gel patch that did not include microneedles, and the
results were assessed using a self-report visual analog
scale (VAS).

No adverse events were reported by the examiner who
conducted a visual examination of the soft tissues in
the mouth, and no defects in the microneedle patches
were identified. Additionally, our results are consistent
with the study by Chugh, Singh et al. (2021), which
involved 102 participants divided into two groups. The
experimental group received EMLA cream applied
alone on the palatal side for 10 minutes, followed by a
conventional injection on the vestibular side. The
control group received conventional injections on both
the palatal and vestibular sides. According to the VAS
results, the control group reported no pain during
probing after the palatal injection. In contrast, the
experimental group had a mean pain score of 1.50 (+
0.92) at probing. Notably, one patient in the
experimental group experienced severe pain during
palatal probing and was subsequently given
conventional anesthesia, as in the control group.
However, the children in the current research sample
did not exhibit intolerable pain that required a
conventional palatal injection.

The results also indicated that the significance level
was greater than 0.05 during the extraction stage
compared to the probing stage. This suggests that at a
95% confidence level, there are no statistically
significant differences in the average change in heart
rate between the groups in the research sample.
Second A comparison of the five groups regarding the
change in oxygenation rates at different stages was
conducted. The findings of this study revealed that
there were no statistically significant differences in the
average change in oxygenation rates among the
groups, regardless of the stage examined within the
research sample.

Conclusions

1. Both traditional palatal injections and extractions
are generally effective procedures. By utilizing drug
delivery systems, we were able to complete the
procedures in a more efficient and comfortable manner
for the child.

Both the EMLA-only group and the DMSO with
EMLA cream group experienced drawbacks during
the application, such as an unpleasant taste and low
viscosity, requiring the children to keep their mouths
open throughout the process. In contrast, the
dissolvable microneedle patches eliminated the issues
associated with EMLA cream, making the application
more acceptable for the children by allowing them to
close their mouths. The children were not bothered by
the microneedles, whereas those in the oral patches
group showed less acceptance, despite having similar
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advantages, likely due to the thickness of the patches
and the discomfort they felt while keeping their
mouths closed.

In terms of anesthesia effectiveness, the application
time for the EMLA group (only 3 minutes) was
insufficient without the use of a delivery system.
However, both the physical (microneedles) and
chemical (permeability enhancer) delivery systems

performed better, achieving effective anesthesia within
a time frame that was acceptable to the children—3
minutes. These methods demonstrated similar
effectiveness to traditional palatal injections (the
control group), in contrast to the oral patch delivery
system.

20 < 15 daiall



Investigating the impact of drug delivery systems on the efficacy....... Babakurd and azzawi

Reference:

1- Al-Melh, M. A. and L. Andersson (2007). "Comparison of topical anesthetics (EMLA/Oragix vs. benzocaine)
on pain experienced during palatal needle injection." Oral Surgery, Oral Medicine, Oral Pathology, Oral
Radiology, and Endodontology 103(5): e16-e20. https://pubmed.ncbi.nlm.nih.gov/17331753/

2- Asokan, A., A. P. Rao, G. Mohan, N. V. Reddy and K. Kumar (2014). "A pain perception comparison of
intraoral dental anesthesia with 26 and 30 gauge needles in 6-12-year-old children.” Journal of Pediatric
Dentistry/May-Aug 2(2). https://jpdent.org/storage/upload/pdfs/1598435385/

3- Badcock, M. and M. McCullough (2007). "Palatal anaesthesia for the removal of maxillary third molars as
practised by oral and maxillofacial surgeons in Australia and New Zealand." Australian dental journal 52(4):
329-332. https://pubmed.ncbi.nlm.nih.gov/18265690/

4- Badenoch-Jones, E. and T. Lincoln (2016). "Palatal injection for removal of maxillary teeth: is it required? A
systematic review." International Journal of oral and maxillofacial surgery 45(10): 1283-1292.
https://pubmed.ncbi.nim.nih.gov/27256010/

5- Bagesund, M. and P. Tabrizi (2008). "Lidocaine 20% patch vs lidocaine 5% gel for topical anaesthesia of oral
mucosa." International Journal of Paediatric Dentistry 18(6): 452-460.
https://pubmed.ncbi.nlm.nih.gov/18341564/

6- Barcohana, N., D. F. Duperon and M. Yashar (2003). "The relationship of application time to EMLA
efficacy.” Journal of dentistry for children 70(1): 51-54. https://pubmed.ncbi.nIm.nih.gov

7- Borle, R. M. (2014). Textbook of oral and maxillofacial surgery, JP Medical Ltd.
https://www.amazon.com/Textbook-Maxillofacial-Surgery-Neelima-Malik/dp/9385999877/

8- Chilakamuri, S., S. Nirmala and S. Nuvvula (2020). "The effect of pre-cooling versus topical anesthesia on
pain perception during palatal injections in children aged 7-9 years: a randomized split-mouth crossover clinical
trial." Journal of Dental Anesthesia and Pain Medicine 20(6): 377. https://pubmed.ncbi.nlm.nih.gov/33409366/
9- Chugh, A., S. Singh, S. Khatana, S. Gaur, A. K. Patnana, V. Chugh and P. Kumar (2021). "The Clinical
Efficacy of EMLA as a Topical Anesthetic Agent Instead of Palatal Injection During Maxillary Dental
Extractions: A Randomized Controlled Trial." Journal of Maxillofacial and Oral Surgery: 1-6.
https://link.springer.com/article/10.1007/s12663-021-01633-x

10- Cohen, B. E. and N. Elbuluk (2016). "Microneedling in skin of color: a review of uses and efficacy." Journal
of the American Academy of Dermatology 74(2): 348-355. https://pubmed.ncbi.nlm.nih.gov/26549251/

24- Cui, L., Z. Zhang, J. Huang, D. Yin and L. Xu (2018). "Extraction of permanent maxillary teeth without
palatal injection: a meta-analysis." Oral surgery, oral medicine, oral pathology and oral radiology 126(4): e187-
e195. https://pubmed.ncbi.nlm.nih.gov/29753696/

25- Daly, S., N. C. Claydon, R. G. Newcombe, J. Seong, M. Addy and N. X. West (2021). "Randomised
controlled trial of a microneedle patch with a topical anaesthetic for relieving the pain of dental injections."”
Journal of dentistry 107: 103617. https://pubmed.ncbi.nim.nih.gov/33636242/

26- Dasarraju, R. K. and S. Nirmala (2020). "Comparative efficacy of three topical anesthetics on 7-11-year-old
children: a randomized clinical study." Journal of Dental Anesthesia and Pain Medicine 20(1): 29-37.
https://pubmed.ncbi.nim.nih.gov/32158957/

27- Davidovich, E., A. Wated, J. Shapira and D. Ram (2013). "The influence of location of local anesthesia and
complexity/duration of restorative treatment on children's behavior during dental treatment.” Pediatric dentistry
35(4): 333-336. https://pubmed.ncbi.nim.nih.gov/24654414/

28- de Camargo Smolarek, P., L. S. da Silva, P. R. D. Martins, K. da Cruz Hartman, M. C. Bortoluzzi and A. C.
R. Chibinski (2021). "The influence of distinct techniques of local dental anesthesia in 9-to 12-year-old children:
randomized clinical trial on pain and anxiety.” Clinical Oral Investigations 25(6): 3831-3843.
https://pubmed.ncbi.nlm.nih.gov/33715064/

20 < 16 4aiall



Investigating the impact of drug delivery systems on the efficacy....... Babakurd and azzawi

29- de Paula, E., C. M. Cereda, L. F. Fraceto, D. R. de Araujo, M. Franz-Montan, G. R. Tofoli, J. Ranali, M. C.
Volpato and F. C. Groppo (2012). "Micro and nanosystems for delivering local anesthetics." Expert opinion on
drug delivery 9(12): 1505-1524. https://pubmed.ncbi.nlm.nih.gov/23140102/

30- Franz-Montan, M., D. Baroni, G. Brunetto, V. R. V. Sobral, C. M. G. da Silva, P. Venancio, P. W. Zago, C.
M. S. Cereda, M. C. Volpato and D. R. de Aradjo (2015). "Liposomal lidocaine gel for topical use at the oral
mucosa: characterization, in vitro assays and in vivo anesthetic efficacy in humans." Journal of liposome
research 25(1): 11-19. https://pubmed.ncbi.nIm.nih.gov/24807821/

31- Franz-Montan, M., E. De Paula, F. Groppo, A. Silva, J. Ranali and M. Volpato (2012). "Liposomal delivery
system for topical anaesthesia of the palatal mucosa."” British journal of oral and maxillofacial surgery 50(1): 60-
64. https://pubmed.ncbi.nlm.nih.gov/21106282/

32- Franz-Montan, M., L. N. d. M. Ribeiro, M. C. Volpato, C. M. S. Cereda, F. C. Groppo, G. R. Tofoli, D. R.
de Aradjo, P. Santi, C. Padula and E. de Paula (2017). "Recent advances and perspectives in topical oral
anesthesia." Expert opinion on drug delivery 14(5): 673-684. https://pubmed.ncbi.nlm.nih.gov/27554455/

33- Gholami, M., A. Banihashemrad, A. Mohammadzadeh and F. Ahrari (2021). "The Efficacy of 4% Articaine
Versus 2% Lidocaine in Inducing Palatal Anesthesia for Tooth Extraction in Different Maxillary Regions."
Journal of Oral and Maxillofacial Surgery 79(8): 1643-1649. https://pubmed.ncbi.nlm.nih.gov/33757745/

34- Gumiis, H. and M. Aydinbelge (2020). "Evaluation of effect of warm local anesthetics on pain perception
during dental injections in children: a split-mouth randomized clinical trial." Clinical oral investigations 24(7):
2315-2319. https://pubmed.ncbi.nlm.nih.gov/31650314/

35- Gunasekaran, S., G. Babu and V. Vijayan (2020). "Local anaesthesia in pediatric dentistry—An overview."
Journal of Multidisciplinary Dental Research 6(1): 16-21. https://www.researchgate.net/publication/344134168

36- Gupta, S., A. Kumar, A. K. Sharma, J. Purohit and J. S. Narula (2018). "“Sodium bicarbonate”: an adjunct to
painless palatal anesthesia." Oral and Maxillofacial Surgery 22(4): 451-455.
https://pubmed.ncbi.nlm.nih.gov/30324508/

37- Jamali, Z., E. Najafpour, Z. E. Adhami, A. S. Deljavan, N. A. Aminabadi and S. Shirazi (2018). "Does the
length of dental procedure influence children’s behavior during and after treatment? A systematic review and
critical appraisal.” Journal of dental research, dental clinics, dental prospects 12(1): 68.
https://pubmed.ncbi.nlm.nih.gov/29732024/

38- Janani, K. and M. Kumar (2018). "Comparison of Pain Perception with Conventional syringe and Insulin
Syringe during Greater Palatine Nerve Block." Drug Invention Today 10(7).
https://www.researchgate.net/publication/327222484/

39- Janjua, O. S., U. Lugman, M. W. lbrahim and I. Shah (2012). "Transpapillary versus palatal injection
technique for maxillary tooth extractions.” J Coll Physicians Surg Pak 22(3): 143-146.
https://pubmed.ncbi.nim.nih.gov/22414352/

20 < 17 daiall



Investigating the impact of drug delivery systems on the efficacy....... Babakurd and azzawi

40- Kageyama, I., S. Maeda and K. Takezawa (2021). "Importance of anatomy in dental implant surgery."
Journal of Oral Biosciences 63(2): 142-152. https://pubmed.ncbi.nim.nih.gov/33524607/

41- Kang, Y. H. (2017). Development of a Transdermal Microneedle Patch for Conscious Sedation in Pediatric
Dentistry, University of Toronto (Canada). https://tspace.library.utoronto.ca/bitstream/1807/79100/1/

42- Kolli, N. K. R., S. Nirmala and S. Nuvvula (2017). "The effectiveness of articaine and lidocaine single
buccal infiltration versus conventional buccal and palatal injection using lidocaine during primary maxillary
molar extraction: A randomized control trial.” Anesthesia, Essays and Researches 11(1): 160.
https://pubmed.ncbi.nlm.nih.gov/28298777/

43- Lee, B.-M., C. Lee, S. F. Lahiji, U.-W. Jung, G. Chung and H. Jung (2020). "Dissolving microneedles for
rapid and painless local anesthesia.”" Pharmaceutics 12(4): 366. https://pubmed.nchi.nIm.nih.gov/32316406/

44- Madadian, M. A. and T. Renton (2019). "Local anaesthesia in dentistry—achieving effective painless
injections." Dental Update 46(9): 837-846. https://www.magonlinelibrary.com/doi/abs/10.12968/

45- Maia, F., C. A. Lemos, E. de Souza Andrade, S. de Morais, B. do Egito Vasconcelos and E. Pellizzer (2021).
"Does the use of topical anesthetics reduce the perception of pain during needle puncture and anesthetic
infiltration? Systematic review and meta-analysis of randomized controlled trials." International Journal of Oral
and Maxillofacial Surgery. https://pubmed.ncbi.nim.nih.gov/34391592/

46- Marren, K. (2011). "Dimethyl sulfoxide: an effective penetration enhancer for topical administration of
NSAIDs." The Physician and sportsmedicine 39(3): 75-82. https://pubmed.ncbi.nlm.nih.gov/22030943/

47- Mittal, M., S. Sharma, A. Kumar, R. Chopra and D. Srivastava (2015). "Comparison of anesthetic efficacy of
articaine and lidocaine during primary maxillary molar extractions in children.” Pediatric Dentistry 37(7): 520-
524. https://pubmed.ncbi.nlm.nih.gov/26883609/

48- Munshi, A., A. Hegde and R. Latha (2001). "Use of EMLA®: is it an injection free alternative?" Journal of
Clinical Pediatric Dentistry 25(3): 215-219. https://pubmed.ncbi.nlm.nih.gov/12049081/

49- Notman, R., W. K. den Otter, M. G. Noro, W. J. Briels and J. Anwar (2007). "The permeability enhancing
mechanism of DMSO in ceramide bilayers simulated by molecular dynamics." Biophysical journal 93(6): 2056-
2068. https://linkinghub.elsevier.com/retrieve/pii/S0006349507714601

50- Nusstein, J., S. Lee, A. Reader, M. Beck and J. Weaver (2004). "Injection pain and postinjection pain of the
anterior middle superior alveolar injection administered with the Wand® or conventional syringe.” Oral Surgery,
Oral  Medicine, Oral Pathology, Oral Radiology, and Endodontology 98(1): 124-131.
https://pubmed.ncbi.nlm.nih.gov/15243483/

51- Primosch, R. E. and G. Rolland-Asensi (2001). "Comparison of topical EMLA 5% oral adhesive to
benzocaine 20% on the pain experienced during palatal anesthetic infiltration in children.” Pediatric Dentistry
23(1): 11-14. https://pubmed.ncbi.nim.nih.gov/11242723/

20 < 18 dainall



Investigating the impact of drug delivery systems on the efficacy....... Babakurd and azzawi

52- Rathi, N. V., A. A. Khatri, A. G. Agrawal, N. R. Thosar and S. G. Deolia (2019). "Anesthetic efficacy of
buccal infiltration articaine versus lidocaine for extraction of primary molar teeth." Anesthesia Progress 66(1): 3-
7. https://pubmed.ncbi.nlm.nih.gov/30883236/

53- Ray, I. J. R. and C. D. Hodges (2015). Composition and method for compounded therapy, Google Patents.
https://patents.google.com/patent/US20150359768A1/en

54- Reed, K. L., S. F. Malamed and A. M. Fonner (2012). "Local anesthesia part 2: technical considerations."
Anesthesia progress 59(3): 127-137. https://pubmed.ncbi.nlm.nih.gov/23050753/

55- San Chong, B., J. Miller and S. Sidhu (2014). "Alternative local anaesthetic delivery systems, devices and
aids designed to minimise painful injections—a review." Endod Pract Today 8: 7-22.
https://gmro.gmul.ac.uk/xmlui/handle/123456789/19214

56- SERPE, L. "PADRONIZACAO DE MODELOS DE BARREIRAS DE MUCOSA, CONDICOES
EXPERIMENTAIS E USO DE MICROAGULHAS COMO PROMOTOR DE ABSORCAO EM ESTUDOS
DE PERMEACAO IN VITRO." https://bv.fapesp.br/pt/dissertacoes-teses/155639/

57- Serrano-Castafieda, P., J. J. Escobar-Chavez, I. M. Rodriguez-Cruz, L. M. Melgoza and J. Martinez-
Hernandez (2018). "Microneedles as enhancer of drug absorption through the skin and applications in medicine
and  cosmetology.”  Journal of Pharmacy &  Pharmaceutical Sciences  21: 73-93.
https://pubmed.ncbi.nlm.nih.gov/29510800/

58- Shaikh, R., T. R. R. Singh, M. J. Garland, A. D. Woolfson and R. F. Donnelly (2011). "Mucoadhesive drug
delivery systems." Journal of pharmacy and Bioallied Sciences 3(1): 89.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3255397/

60- Sharma, U. (2017). "Palatal ulceration: A local anesthetic complication.” Indian Journal of Health Sciences
and Biomedical Research (KLEU) 10(1): 94. https://www.researchgate.net/publication/330590523/

61- Shehab, L. A., B. Basheer and K. Baroudi (2015). "Effectiveness of lidocaine Denti patch® system versus
lidocaine gel as topical anesthetic agent in children." Journal of Indian Society of Pedodontics and Preventive
Dentistry 33(4): 285. https://www:.jisppd.com/article.asp?issn=0970-4388

62- SUNDAR, G. T. P,, T. P. SHETTY, B. BYLAPUDI, V. SHETTY, C. CASTELLINO, A. RAI, A.
KARIKAL and P. SHETTY (2020). "Effectiveness of the Greater Palatine Nerve Block for Anaesthetising
Anterior Palate: A Prospective Study."” Journal of Clinical & Diagnostic Research 14(7).
https://jcdr.net/articles/PDF/13815/43673/

63- Svensson, P. and J. Petersen (1992). "Anesthetic effect of EMLA occluded with Orahesive oral bandages on
oral mucosa. A placebo-controlled study." Anesthesia progress 39(3): 79.
https://pubmed.ncbi.nlm.nih.gov/1308377/

64- Tirupathi, S. P., S. Rajasekhar, P. Tummakomma, A. A. Gangili, A. R. A. Khan, M. Khurramuddin and U.
Purumandla (2020). "Auto-controlled Syringe vs Insulin Syringe for Palatal Injections in Children: A

20 < 19 daiall



Investigating the impact of drug delivery systems on the efficacy....... Babakurd and azzawi

Randomized Crossover Trial.” The Journal of Contemporary Dental Practice 21(6): 605.
https://pubmed.ncbi.nim.nih.gov/33025926/

65- Vickers, E. R., N. Marzbani, T. M. Gerzina, C. McLean, A. Punnia-Moorthy and L. Mather (1997).
"Pharmacokinetics of EMLA cream 5% application to oral mucosa." Anesthesia progress 44(1): 32.
https://pubmed.ncbi.nlm.nih.gov/9481979/

20 < 20 dainall



