Technical Note

Adrenaline dilution in dental local anesthetic: a
preliminary study to prevent coring in cartridges
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Many patients with underlying medical conditions are treated with local anesthetics in dental clinics. Dental
local anesthetic cartridges contain the vasoconstrictor adrenaline, which can affect the cardiovascular system.
For this reason, the adrenaline in the cartridge (2% lidocaine + 1:80,000 adrenaline) is sometimes diluted in
order to avoid hemodynamic changes in these patients. However, at the same time, considerations have to
be made for coring. Coring is a process in which a piece of rubber is scraped off when a needle is inserted
into a rubber stopper, and the rubber is mixed with the drug solution. Particles generated during the coring
process contaminate local anesthetic solutions. In this study, we closely observed the puncture site of a 33G
dental needle inside a cartridge to investigate a safe dilution method that considers coting. The puncture site
was located within 1.50 £ 0.08 mm (mean * SD) of the diameter from the center of the rubber stopper
of the cartridge head. Punctures were made with a 0.75-mm outer diameter metal needle outside the 1.50-mm
diameter range from the center of the rubber stopper to reduce the ovetlap between puncture sites and minimize
the risk of coring. After discarding half of the cartridge, 2% lidocaine without adrenaline was injected by piercing
the end of the rubber stopper at the cartridge head with a 22-27G metal needle (outer diameter approximately
0.4-0.7 mm). This method minimizes the risk of rubber displacement and coring while ensuring a safe and
effective dilution process. Providing a safer method for adrenaline dilution reduces the risk of coring and
contamination in dental anesthetic cartridges.

Keywords: Adrenaline; Cartridge; Coring; Dental Anesthesia; Dilution Technique; Local Anesthesia.

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

pISSN 2383-9309 | eISSN 2383-9317
J Dent Anesth Pain Med 2024;24(6):415-420 | https://doi.org/10.17245/jdapm.2024.24.6.415

L))

Check for
updates

INTRODUCTION

Many patients with underlying medical conditions are
administered local dental anesthetics when visiting dental
clinics [1]. However, these anesthetics tend to contain
adrenaline, a vasoconstrictor, whose exposure should be
minimized in patients with cardiovascular diseases,
including hypertension, ischemic heart disease, and
obstructive hypertrophic cardiomyopathy [2,3]. This
highlights the need to establish a consensus on safe dental

care using local dental anesthetics in patients with
underlying diseases [1, 4-6].

Because adrenaline in dental local anesthetic cartridges
may affect circulatory dynamics in patients with
cardiovascular disease owing to its systemic effects,
methods aimed at diluting the adrenaline concentration
of these cartridges have been reported [7]. In Japan, local
dental anesthetics include lidocaine plus adrenaline,
propylocaine (prilocaine), felypressin, and mepivacaine
without vasoconstrictors [8]. Adrenaline acts primarily on

the pulpal arteries, whereas felypressin acts on the pulpal
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Fig. 1. Adrenaline dilution for dental local anesthetic cartridges. The
adrenaline in the cartridge was diluted by injecting 0.9 mL of 2% lidocaine
without adrenaline into 0.9 mL of a dental local anesthetic cartridge (2%
lidocaine + 1/80,000 adrenaline).
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Fig. 2. Coring. Coring is a phenomenon in which when an injection needle
is inserted into the rubber stopper of an infusion or vial, a portion of
the rubber stopper (a piece of rubber) is scraped off and mixed into
the drug solution.

veins. Therefore, adrenaline is a stronger vasoconstrictor
and has a longer duration of action than felypressin [8].
It has been reported that 3% propitocaine (prilocaine)
with 0.03 TU/mL felypressin may be appropriate for
patients who cannot tolerate tachycardia [4]. The use of
3% mepivacaine without vasoconstrictors is safer than 2%
lidocaine with 1:100,000 adrenaline in controlling
elevated heart rate but has a poorer anesthetic success
rate [9]. However, lidocaine plus adrenaline is primarily
used in Japanese dental clinics.

In Japan, local anesthesia for dental treatment is often
administered using special glass cartridges [7]. The total
adrenaline in the cartridge can be diluted by discarding
half of the cartridge (2% lidocaine + 1:80,000 adrenaline;
A80) and filling the cartridge with 2% lidocaine without
adrenaline (Fig. 1) [7]. Although selecting anesthesia
cartridges that already have the appropriate adrenaline
dilution (1:100,000 and 1:200,000) would be ideal for
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Fig. 3. Marking and cutting positions in cartridges. The marking positions
were set by referring to the cartridge labels to capture photographs that
overlapped the 20 cartridges. After the marking, the neck of the cartridge
was removed.

safety and waste reduction, these are not available in
Japan. However, this process increases the likelihood of
coring, a phenomenon in which rubber from the cartridge
is scraped off and mixed with an anesthetic solution (Fig.
2) [7].

In this study, we closely observed the puncture site of
a 33G dental needle inside a cartridge and determined
the optimal technique to reduce the risk of coring during
adrenaline dilution to establish a safe dilution method that

prevents coring.

METHODS

1. Materials

We used 100 cartridges (five registration numbers, 20
cartridges each) of dental local anesthetics (ORA
Injection Dental Cartridge 1.8 mL; GC Showa Yakuhin
Co., Ltd, Tokyo, Japan) injected with a 33G dental
injection needle (NIProject Dental Needle; NIPRO
CORPORATION, Osaka, Japan). The rubber stopper in
the cartridge was made of gray butyl rubber, and the 33G
needle, commonly used in dental anesthetic procedures,

had an outer diameter of approximately 0.21 mm.
2. Methods

The head of the dental local anesthetic cartridge was
marked to determine its location and the cartridge head
was cut with a laboratory bar (Fig. 3). Subsequently,
images were obtained using a stereomicroscope (SZX16;

Olympus, Tokyo, Japan) to observe the puncture site of
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Fig. 4. Puncture site of the cartridge rubber stopper.
Images were taken so that the markings were positioned on top of
the image, and the puncture site could be clearly observed.
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Fig. 5. An example of 20 image superimpositions and measurement items.
After coloring the puncture sites in each of the 20 images, the images
were superimposed. A perfect circle was drawn on the superimposed
image and its vertical and horizontal diameters were measured.
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Fig. 6. Comparison of vertical and horizontal diameters (mm) of puncture circles. The vertical and horizontal diameters were measured from five overlapping
images, and the mean and standard deviations were calculated. The results were 1.49 = 0.08 mm (mean = SD, n = 5) for the vertical and 1.53
+ 0.06 mm (mean = SD, n = 5) for the horizontal, with no significant statistical difference (P > 0.05). N, number; n.s., no significant; SD, standard

deviation.

the rubber plug with reference to the marked position
(Fig. 4). After marking the puncture site on each image,
20 images for each registration number were
superimposed using Adobe Photoshop Elements 14.
Based on the 20 puncture sites, a regular circle was drawn
on the superimposed images, and the vertical and
horizontal diameters (mm) of the regular circle were
measured (Fig. 5). Twenty images per registration number
were selected based on a preliminary analysis, which
indicated that this sample size provided an optimal

balance between statistical power and image clarity.
3. Statistical analysis

All values are expressed as the mean * standard

deviation (SD). We used Microsoft 365® Excel for
statistical analyses. Unpaired t-tests were used to
determine whether there were differences between the
average vertical and horizontal diameters obtained from
the five images (20 superimposed images). The

significance level was set at P < 0.05.

RESULTS

The diameters of the regular circles were 1.49 £ 0.08
mm (n = 5) and 1.53 £ 0.06 mm (n = 5) for vertical
and horizontal diameters, respectively. No significant

differences were observed between the vertical and
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Fig. 7. Safe needle positions for adrenaline dilution. Slowly and vertically pierce the end of the cartridge rubber stopper. with a 22-27G metal needle

(outer diameter approximately 0.4-0.7 mm).

horizontal diameters (P > 0.05, unpaired t-test) (Fig. 6).
The average diameter of the circle (vertical + horizontal)
was 1.50 £ 0.08 mm (n = 10).

DISCUSSION

1. Coring

Coring, whereby rubber strips enter the body through
a vein, can cause pulmonary infarction, cerebral
infarction, regional tissue infarction, pulmonary
granuloma, and even death in some cases [10,11]. In this
study, the diameter of the circle (vertical and horizontal)
was 1.50 £ 0.08 mm. Thus, a second needle puncture
of 1.42-1.58 mm in diameter from the center of the rubber
stopper would increase the likelihood of coring due to
overlapping puncture sites. Therefore, to minimize coring,
a < 22G metal needle was used for refilling and
puncturing. Puncturing was performed at least 0.75 mm
away from the initial puncture site to avoid overlapping.

The factors that cause coring are: (1) the use of an
obtuse needle; (2) an oblique puncture; (3) repeated
punctures at the same site, although the puncture angle
(45° or 90°) does not affect the occurrence of coring
[11,12]. Although coring has not been reported with local

anesthetics for dental use, it occurs in vials of propofol
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and rocuronium, which are frequently used in dental
anesthesia, using various needle sizes (18G, 20G, and
21G) [11]. In particular, larger gauge needles have been
reported to be a factor influencing coring after puncturing
rubber vial stoppers multiple times, regardless of the
puncture angle [11]. In Japan, coring became a major
issue in 2021 when microscopic black material was
detected in COVID-19 vaccine vials [13]. Additionally,
coring is an important issue with dental local anesthetic
cartridges because of their small size and the masking
effect of the label, which makes visualization difficult
[14].

Our study provides concrete measurements for the
optimal puncture diameter (1.50 = 0.08 mm), highlighting
the increased likelihood of coring with repeated punctures
in close proximity. However, while our findings suggest
that puncture overlap within the range of 1.42-1.58 mm
increases the risk of coring, the variability in rubber
stopper materials across different manufacturers may

influence the generalizability of these results.
2. Safe puncture position during adrenaline dilution

The vertical and horizontal diameters were measured
correctly. The diameter of the regular circle is 1.50 +
0.08 mm (n = 10), indicating that the length from the

rubber plug (approximately 3 mm in diameter) at the
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cartridge head to the regular circle is approximately 0.75
mm (Fig. 7).

The smaller the needle thickness, the smaller the
percentage of coring; however, when coring occurs, the
foreign body (rubber piece) becomes smaller and more
difficult to detect [14]. However, because the rubber
stopper on the head of the dental local anesthetic cartridge
is smaller and thinner than the infusion or vial
formulation, puncturing should be performed slowly and
vertically using a <22G metal needle to avoid coring.
Another method involves puncturing using a rubber
plunger (Fig. 7), which is thicker than the rubber plugs
on the head side, thereby increasing the incidence of
coring [11]. Even if a long and thin metal needle is used
for injection, the rubber plunger is likely to be displaced
when the needle is withdrawn from the rubber stopper,
rendering the cartridge inoperable.

In this study, a safe dilution method that takes into
consideration coring was established. After discarding
half of the cartridge, 2% lidocaine without adrenaline
should be injected by piercing the end of the rubber
stopper at the cartridge head with a 22-27G metal needle
(outer diameter approximately 0.4-0.7 mm). Particles
generated during the coring process contaminate local
anesthetic solutions, the analysis of which is also

important.
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