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INTRODUCTION
Pain is defined as the perceived sensory and emotional reaction 

to actual or perceived tissue injury by the International Associa-
tion for the Study of Pain [1]. Pain caused by local anesthetic 
injection makes patients anxious before surgery. It results in se-
dation or general anesthesia during excision surgery which 
could be performed with just local anesthesia. Avoiding seda-
tion or general anesthesia could reduce costs, time, and side ef-
fects such as nausea, vomiting, cardiorespiratory compromise, 
and urinary retention [2]. Perception of pain varies from indi-
vidual to individual. This is because pain can be exaggerated in 
connection with various factors such as past experiences, stress, 
and anxiety [3]. 
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Background: The pain caused by local anesthetic injection can lead to patient anxiety prior to surgery, potentially necessitating sedation 
or general anesthesia during the excision procedure. In this study, we aim to compare the pain relief efficacy and safety of using a digital 
automatic anesthetic injector for local anesthesia. 
Methods: Thirty-three patients undergoing excision of a benign soft tissue tumor under local anesthesia were prospectively enrolled from 
September 2021 to February 2022. A single-blind, randomized controlled study was conducted. Patients were divided into two groups by 
randomization: the experimental group with digital automatic anesthetic injector method (I-JECT group) and the control group with conven-
tional injection method. Before surgery, the Amsterdam preoperative anxiety information scale was used to measure the patients’ anxiety. 
After local anesthetic was administered, the Numeric Pain Rating Scale was used to measure the pain. The amount of anesthetic used was 
divided by the surface area of the lesion was recorded. 
Results: Seventeen were assigned to the conventional group and 16 to the I-JECT group. The mean Numeric Pain Rating Scale was 1.75 in 
the I-JECT group and 3.82 in conventional group. The injection pain was lower in the I-JECT group (p< 0.01). The mean Amsterdam preop-
erative anxiety information scale was 11.00 in the I-JECT group and 9.65 in conventional group. Patient’s anxiety did not correlate to injec-
tion pain regardless of the method of injection (p= 0.47). The amount of local anesthetic used per 1 cm2 of tumor surface area was 0.74 mL/
cm2 in the I-JECT group and 2.31 mL/cm2 in the conventional group. The normalization amount of local anesthetic was less in the I-JECT 
group (p< 0.01). There was no difference in the incidence of complications. 
Conclusion: The use of a digital automatic anesthetic injector has shown to reduce pain and the amount of local anesthetics without com-
plication.
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Pain during injection of local anesthetic is caused due to the 
skin piercing of the needle or the pressure of the solution stretch-
ing the skin [4]. This injection pain could be reduced by several 
methods such as using more than one type of sensory noise, in-
serting the needle perpendicularly, using smaller needle, or 
slowing the rate of injection [4,5].

Since the density or resistance of tissues varies from person to 
person and for each body part, it is difficult to control the pres-
sure and injection speed in the method of injecting local anes-
thesia by pushing the piston of a syringe by operator’s hand. 
However, computer-controlled local anesthetic delivery system 
could deliver local anesthesia at a constant rate and volume re-
gardless of the density or resistance of tissues [6].

In this study, we compared pain during local anesthesia using 
conventional methods with dental syringe to digital automatic 
anesthetic injectors.

METHODS
This single-blind, randomized controlled study was conducted 
from September 2021 to February 2022. All patients undergo-
ing excision under local anesthesia were eligible for this study. 
Exclusion criteria included the need for sedation or the pres-
ence of signs of infection. Written informed consent was ob-
tained from all patients. Patients were divided into two groups 
by randomization: the experimental group with digital auto-
matic anesthetic injector method and the control group with 
conventional injection method. Local anesthetics were used in 
both groups with a mixture of 2% lidocaine and 1:100,000 epi-
nephrine (Huons). The conventional method utilized a dental 
anesthetic syringe (Osung MND) with a 30-gauge needle for 
local anesthesia, while the experimental group used digital au-
tomatic anesthetic injector, I-JECT (Medihub), with a 30-gauge 
needle for local anesthesia. The injector incorporates a button-
controlled mechanism for tuning the injection rate of the mix-
ture across four stages. Users can select their preferred mode to 
alter the mixture’s injection speed (P mode: 1.8 mL/465 sec, 
mode 1: 1.8 mL/202 sec, mode 2: 1.8 mL/125 sec, mode 3: 1.8 
mL/47 sec). In this study, the mixture was injected at the pace 
associated with mode 2.

The demographic and clinical data including age, smoking his-
tory, and medical history (e.g., diabetes mellitus, hypertension), 
were investigated in all patients during the outpatient clinic. Be-
fore surgery, the Amsterdam Preoperative Anxiety and Informa-
tion Scale (APAIS) was used to measure the patients’ anxiety re-
garding local anesthesia and surgery. APAIS consists of six ques-
tions, each of which can be scored from 1 to 5. In this study, only 
the four questions related to anxiety were used, and the patient’s 

preoperative anxiety level was evaluated on a scale of 4 to 20. Af-
ter local anesthesia was administered, the Numeric Pain Rating 
Scale (NPRS) was used to measure the pain of the anesthesia in-
jection. Patients measure the intensity of pain by selecting a 
number from 0 to 10, with higher numbers indicating more se-
vere pain. It was confirmed whether there were any side effects, 
such as bleeding or bruising, at the injection site. The amount of 
anesthetic used after surgery was recorded. The amount of anes-
thetic used was divided by the surface area of the lesion to calcu-
late the amount of anesthetic used per unit area, making it possi-
ble to compare it by standardizing. The pain at the surgical site 
was measured using the NPRS during the first outpatient visit 
after the surgery. The presence of side effects such as hematoma, 
seroma was also checked. All surgical procedures, including lo-
cal anesthesia, were performed by the same plastic surgeon. Lo-
cal anesthetics were injected along the boundary of the tumor. 
We tried to reduce the pain through sensory noise by tapping 
around the tumor. Except for the method of anesthesia, the sur-
gical procedure, dressing, and postoperative management were 
carried out in the same manner as usual. IBM SPSS version 21.0 
(IBM Corp.) was used to analyze the results. Representative data 
were presented as the mean± standard deviation. The chi-square 
or Fisher exact test was used for categorical data, and the Student 
t-test or Mann-Whitney U-test was used for continuous data. p-
values below 0.05 were applied as the cutoff for statistical signifi-
cance. 

RESULTS
Thirty-three patients were evaluated in this study and there 
were no dropouts. Using a random number generator to classi-
fy patients, 17 were assigned to the conventional method group 
and 16 were assigned to the I-JECT group. Table 1 shows the 

Table 1. Demographics and location of the mass
Variable Conventional (n= 17) I-JECT (n= 16) p-value

Mean age (yr) 42.2 48.1 0.28

Sex 0.87

Male 9 8

Female 8 8

Past history

Hypertension 1 5 0.09

Diabetes mellitus 0 2 0.22

Heart disease 0 1 0.49

Mass location 0.67

Head and neck 10 12

Trunk  4  3

Extremity  3  1
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demographic characteristics. There was no significant differ-
ence in demographics and past medical history such as hyper-
tension, diabetes mellitus, and heart disease between the two 
groups. The operation sites were divided into three areas: head 
and neck, trunk, and extremities, and the proportion of each 
site did not show a statistically significant difference.

Table 2 compares the outcomes between the conventional 
group and the I-JECT group. The degree of anxiety about local 
anesthesia and surgery, as evaluated by APAIS, was higher in 
the I-JECT group (11.00 ± 5.66) than in conventional group 
(9.65± 5.14), but there was no statistical difference between the 
two groups (p= 0.47). The NPRS for pain experienced during 
local anesthetics injection was lower in the I-JECT group 
(1.75± 1.06) than in conventional group (3.82± 2.34), showing 
a statistically significant difference (p < 0.01). The size of the 
mass did not show statistically significant differences between 
the conventional (2.60 ± 4.28 cm2) and the I-JECT groups 
(5.44 ± 8.79 cm2) (p = 0.24). The amount of local anesthetic 
used per 1 cm2 of tumor surface area was lower in the I-JECT 
group (0.74 ± 0.52 mL/cm2) compared to the conventional 
group (2.31± 1.94 mL/cm2) (p< 0.01). There was no statistically 
significant difference in side effects and pain felt by patients at 
the surgical site, and no correlation was found between APAIS 
and pain intensity. 

Table 3 shows the pathological type of the masses. There was 
no significant difference in the pathological type of the mass 
between the two groups (p= 0.36).

DISCUSSION
This study was a randomized controlled single-blind study 
comparing pain during local anesthesia using conventional 
methods with dental syringe and digital automatic anesthetic 
injectors measured by the NPRS. Computer-controlled local 
anesthetic delivery is used in dental surgery to reduce patient 
pain during local anesthesia, and several studies prove its ad-
vantages [7-9]. However, their stability has not yet been estab-

lished in plastic surgery, which frequently uses local anesthesia. 
This study is important as it is a prospective study that verifies 
the safety and efficacy of a digital automatic anesthetic injector 
in plastic surgery. 

Pain is a complex and subjective sensation that is influenced 
by various factors as patients can experience varying degrees 
and forms of pain [1,3]. There are various techniques that can 
help alleviate the discomfort caused by injection pain, including 
the utilization of multiple forms of sensory noise, administering 
the needle perpendicularly, opting for a smaller needle, or 
gradually decreasing the injection rate [4,5,10]. However, previ-
ous attempts have focused on changing the technique and we 
have tried to change the tools used for anesthesia.

The digital automatic anesthetic injector can inject local anes-
thesia with constant pressure and speed, regardless of the tissue 
density or resistance [9]. It also has the advantage of maintain-
ing a consistent performance, independent of the operator’s fa-
tigue or skill level. This injector costs approximately 1.6 million 
Korean won, but it can be used multiple times by simply replac-
ing the needle. When anesthesia is first injected, a high pressure 
needs to be quickly injected to overcome tissue resistance, caus-
ing severe pain to patients. If the anesthesia is injected slowly, 
the tissue will expand slowly, reducing the pain [5], but the total 
time required for anesthesia may increase, potentially leading 
to an increase in pain perceived by the patient. 

NPRS is an effective and valid tool for measuring pain in 
many areas [11], including excision surgery. In this study, the 
pain felt by patients under local anesthesia was 3.85 on average 
in the conventional group and 1.75 in the I-JECT group. This is 
consistent with a study that compares the pain felt by patients 
using conventional methods and a digital automatic anesthetic 
injector during local anesthesia in dental surgery. 

In plastic surgery, excision of benign tumors can be performed 
with local anesthesia if the depth of the tumor is not deeper than 
the muscle layer or the size is not very large. However, there may 
be cases where surgery is delayed due to concerns about the pain 
that occurs with local anesthesia, resulting in tumor growth, or 
unnecessary sedation or general anesthesia is performed because 

Table 2. Comparison of outcomes between control group and I-
JECT group

Control (n= 17) I-JECT (n= 16) p-value

Anxiety (APAIS) 9.65±5.14 11.00±5.66 0.47

Pain (NPRS) 3.82±2.34 1.75±1.06 <0.01

Mass size (cm2) 2.60±4.28 5.44±8.79 0.24

Amount of anesthesia
(mL/cm2)

2.31±1.94 0.74±0.52 <0.01

Values are presented as mean±SD.
APAIS, Amsterdam Preoperative Anxiety and Information Scale; NPRS, Numeric Pain 
Rating Scale. 

Table 3. Comparison of pathological types of mass
Conventional (n= 17) I-JECT (n= 16) p-value

Type 0.36

Epidermal cyst 8 7

Lipoma 2 3

Nevus 2 3

Dermatofibroma 2 0

Trichilemmal cyst 0 2

Others 3 1
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the situation becomes worse and local anesthesia is no longer 
possible. Especially in old age, skin cancer is commonly found, 
and it can be adequately excised and reconstruction with local 
anesthesia [12,13]. However, if general anesthesia is performed 
due to fear of local anesthesia, patients may experience compli-
cations such as atelectasis, arrhythmia, renal complications, and 
even death [14]. Therefore, based on the results of this study that 
the use of a digital automatic anesthetic injector can reduce pain 
felt by patients during local anesthesia, it is expected that the fre-
quency of sedation or general anesthesia performed due to pa-
tient anxiety over pain during excision surgery performed under 
local anesthesia can be reduced.

The administration of epinephrine can cause skin necrosis 
because of its vasoconstrictive properties and lidocaine can 
cause severe side effects such as arrhythmia, blindness, and 
shock [15-19]. Consequently, reducing the amount of the mix-
ture of 2% lidocaine and 1:100,000 epinephrine can lower the 
potential for the adverse effects outlined previously. In this 
study, the results showed that using a digital automatic anes-
thetic injector could reduce the amount of local anesthetics 
used. Additionally, this machine can perform aspiration to con-
firm whether the needle has not been inserted into the vessel. It 
is expected that this will allow patients to receive surgery in a 
safer environment. 

In general, it is known that there is a correlation between the 
level of anxiety that patients feel before surgery and the amount 
of pain they experience during surgery [3]. APAIS score is wide-
ly used in studies that evaluate anxiety, as it is a score used to 
evaluate patients’ anxiety before surgery [20]. In this study, by 
showing that there was no difference in anxiety as evaluated by 
APAIS between the conventional group and the experimental 
group, we were able to reduce bias caused by this.

Moreover, different depths of mass or different parts of the 
body have different sensitivities to pain, which can cause bias. 
In this study, the depth of the mass in both groups was the same 
at the skin or subcutaneous level, and the pathologic type of the 
mass did not show statistically significant difference. The study 
demonstrated that there was no difference in the distribution of 
surgical locations between the conventional and I-JECT groups, 
reducing possible bias in this regard. 

With conventional methods, the operator’s sensory feedback 
during the injection process allows them to adjust the speed and 
direction of the injection to minimize pain. I-JECT can also ad-
just the direction during the injection process and adjust the in-
jection speed, but since the injection speed can only be adjusted 
in four stages, it is not as free as the conventional method. Al-
though the I-JECT is reusable, it has the disadvantage of being 
more expensive than a dental syringe, and the electronic nature 

of the device requires regular maintenance. In addition, there is 
a risk of overdosing on local anesthetic in the event of malfunc-
tions or technical failures.

In conclusion, this study highlights the effectiveness and safety 
of digital automated anesthesia injectors in relieving pain during 
local anesthesia. The device was found to provide superior pain 
relief compared to conventional methods, reducing the amount 
of local anesthetic required. The findings suggest that the use of 
a digital auto-injector can increase patient comfort and poten-
tially reduce the need for sedation or general anesthesia.
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