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Background: Incorrect administration of an anesthetic during local anesthesia is one of the most important
causes of pain symptoms in patients scheduled for dental procedures. The current study assessed the severity
of damage to periodontal tissue following different rates of anesthetic administration.

Methods: The research was conducted on 50 outbred male rats with a body mass of 180-240 g. The anesthetic
used was 1% articaine.

Results: The results showed that administration of the anesthetic at a rapid pace caused structural damage
to the periodontal tissue. Further, signs of impaired microcirculation were noted at all rates of administration.
Biochemical studies demonstrated changes in the level of glucose and enzymes with the rapid introduction
of the anesthetic, indicating severe systemic stress response of the body.

Conclusions: Injection of local anesthetic at any rate of introduction induces vascular congestion in the
microcirculatory bloodstream and exudative reactions. Rapid introduction of an anesthetic causes progression
of structural changes in the gingival tissue.
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INTRODUCTION

Dental or medical interventions in the maxillofacial
area or the oral cavity, which can induce pain are an
indication for local anesthesia. Administration of local
anesthetics enables the dentist to perform the whole range
of dental manipulations almost painlessly. However, the
administration of an anesthetic itself is perceived as the
most painful stage of treatment by most of the patients.
Moreover, such sensations are often so pronounced that

they cause delay or cancellation of the dental appointment

[1-4]. Administration of a local anesthetic without pain,
discomfort, or apprehension can also prevent systemic
complications such as elevated blood pressure or
vasovagal syncope [5].

Currently, a whole range of supplemental methods
intended to neutralize the painful effects of anesthetic
administration, including application anesthetics, modified
needles, and syringes, as well as different sedation
methods are available [6]. However, while the efficiency
of many of these methods (such as application gels,
atraumatic needles) are not proven [7], the implemen-

tation of others (sedation) is not always economically or
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methodologically viable.

Pain while injecting an anesthetic can occur following:
initial needle penetration into tissues [8,9], needle
movement to the spot of anesthetic injection, and tissue
swelling caused by the anesthetic injection [10]. In-
dividual characteristics of the patient can also accentuate
pain during the administration of local anesthesia [2].
Apart from these, pain symptoms during the admini-
stration of local anesthesia is reportedly determined by
mechanical swelling of tissue following elevated intra-
tissue pressure during the first few seconds of injection
[11] and impairment of solution delivery [12]. Although
the existing guidelines on anesthesia techniques recom-
mend slow introduction of the anesthetic to minimize
pain, it may not be always feasible in clinical practice
[13-16].

A few studies have evaluated the rate of administration
of anesthetic solution in clinical practice. It was reported
that a doctor manages to smoothly administer anesthetic
in only 14% of the cases, and the speed of administering
an anesthetic depends on the gender (men administer
anesthetic faster), experience (dentists with higher ex-
perience administer faster than students) and needle
parameters (with 30 gauge needle, the time of anesthetic
administration over 1 minute was noted in 75% instances,
while it was noted only in 47.9% instances with a 27
gauge needle) [17,18]. Skilled administration required for
painless injection is not achieved in all manipulations.
Irregularities such as failure to maintain straightness
during introduction occur during the first three seconds
of administering in most of the cases (75%), which is
evident from the significant effort made by the dentist
to move the plunger [11]. Additionally, the injection
pressure while administering anesthesia fluctuates from
17,061 to 34,122 mm Hg, depending on the type of tissue
and the individual experience [19,20].

Therefore, it can be suggested that variation in anes-
thetic delivery is one of the most important causes of
pain experienced by the patients during the admini-
stration of local anesthesia. However, there is no research

assessing the acuteness of stress-induced reactions and
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oral mucosa damage in response to incorrect rate of
anesthetic solution introduction.

Hence, the objective of the current study was to assess
the severity of stress response and damage to periodontal
tissue following different rates and techniques of admini-
stration (infiltration and intraligamentary) of a local

anesthetic.

MATERIALS AND METHODS

The study was carried out on healthy, sexually mature,
nonlinear albino male rats. The animals used in the tests
were quarantined in the vivarium of the Institute of
Immunology and Physiology of the Ural Division of RAS
(Yekaterinburg, Russia). The animals showed no symptoms
of any disease. All animals were kept in standard condi-
tions, and were fed according to customary schedule. All
animals undergoing surgery received a similar level of
care and attention. Aseptic technique and sterile instru-
ments were used during the surgery.

All experimental procedures involving animals were
approved by the Institute of Animal Care and Use
Committee at the Institute of Immunology and Physiology
of the Ural Division of RAS and were performed in
accordance with the principles formulated in the Euro-
pean Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes
18.03.1986), APS’s

Principles in the Care and Use of Vertebrate Animals in

(Strasbourg, France, Guiding
Research and Training, and the Laboratory Practice
Regulations of RF (Ministry of Public Health Order no.
267 from 19.06.2003) [21-23].

The study was conducted on 50 outbred male rats with
a body mass of 180-240 g. The animals were categorized
into 5 groups as described below, to obtain statistically
valid results. Variation in terms of the initial mass among
the groups did not exceed 10%.

Experimental group A (rapid introduction of anes-
thetic) consisted of 10 animals with an average mass of

223 + 15.0 g. Experimental group B (slow introduction
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of anesthetic) consisted of 10 animals with an average
mass of 256 = 12.0 g. Experimental group C (fast
intraligamentary introduction of anesthetic) consisted of
10 animals with an average mass 232 + 11 g. Experi-
mental group D (slow intraligamentary introduction of
anesthetic during 1 minute) consisted of 10 animals with
an average mass of 240 = 10 g. The control group I
consisted of 10 animals with an average mass of 220 g.
The speed of injection was chosen in accordance with
the well-known device, Anaeject® by Septodont®, which
is widely used in clinics among the globe. The time of
injection was about 30 sec in the group A, while it was
about 1 minute in group B (slow mode of Anaeject®)
[24].

The animals which were previously narcotized with 40
mg/kg aethaminalum-natrium, administered intraperito-
neally, were taken off the experiment 1.5 hours after the
initial manipulations.

The anesthetic solution used was 1% articaine (com-
position: ultracain D-S solution for injection in 2 ml
ampule, solution for injection cartridge 1.7 ml: articaine
hydrochloride—40 mg/ml; epinephrine hydrochloride—6
mkg/ml). Based on specific metabolism (accelerated
compared to human) and mass of body of experimental
animals (on average 240 g), 0.09-0.1 ml of the solution
was considered as the administration volume.

The anesthetic was administered with a standard
cartridge syringe using 12 mm long needle, in compliance
with the recommendations on local anesthesia admini-
stration (cartridge single-use A (inch) 0.3 x 12 mm,
DEPO JECT Korea).

About 3 ml of blood was taken for biochemical
analysis by cardiocentesis with further centrifugation
and serum separation. The samples were evaluated using
a standard biochemical analyzer (BeckmanCoulter
ImmunochemistrySystems, USA). Blood plasma was
investigated for the following biochemical factors which
serve as non-specific markers of stress reaction: glucose
level and enzyme strength of serum glutamic oxalacetic
transaminase or AST, and serum glutamic pyruvic

transaminase or ALT. For biochemical analyses, ready-made

reagents kits (Vital Diagnostics; SPb, Russia) were used.
Histologic specimens of the periodontal tissue were
prepared in accordance with standard practices, and
colored with hematoxylin and eosin [25,26].

The statistical software package, STATISTICA 6.0
(StatSoft, Inc. 2001) was used for data analysis. The data
are presented in the form of arithmetic mean (M) +
standard error of mean (m). To test the hypothesis about
homogeneity of two independent selections, the non-
parametric Mann-Whitney U test was employed. When
testing statistic hypotheses, 5% significance point was

used.

RESULTS

1. Results of biochemical research

A slight, yet a positive increase in the glucose level
was noted in group A 1.5 hours after rapid introduction
of articaine solution when compared to all other groups
(Table 1), which differed from the glucose level in rats
of group B (which underwent slow introduction of the
medication) and the control group. The glucose indicator
in animals of group C positively exceeded that of animals
of the control group and group D. It is generally accepted
that ALT and AST are the most reliable markers of liver
injury, and they reflect injury and increase in membrane
permeability of the hepatocytes. However, an increase in
serum aminotransferase activity, apart from liver injury,
can be caused by several other factors, including stress
from strenuous exercise, dramatic weight loss, and
hemolysis [27].

Verifiable changes of ALT activity in blood serum
were not registered in any of the groups.

The animals of group A showed a positive increase
of AST activity (almost 1.7 times higher) compared to
intact rats following rapid introduction of the anesthetic,
while the difference of this factor in group B from the
control group was not verifiable. The animals of group
C registered significantly higher increase in activity of

this enzyme, compared to both group D and the control
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group.

Increased AST level together with simultaneous
increase of AST/ALT ratio (DeRitis coefficient more than
2) in groups A and C compared to the same indicators
in groups B, D and the control group suggested that the
process of deterioration affects different body tissues
(Table 1) [28].

2. Results of histologic research

No structural changes were noted in the gingival mucosa
and intramucosal structures of the control group (Fig.
1-1).

Table 1. Results of biochemical tests (Mean = SEM)

Contrarily, surface disruption with exudative reaction,
as evidenced by infiltration of the epithelium with
segmental leukocytes was noted in group A samples (Fig.
1-2). In the deep tissues, focus of hemorrhage and
disturbances in microcirculatory bloodstream vessels
were registered in the form of focal adiemorrhysis and
swelling and desquamation of endothelial cells (Fig. 1-3).

In experimental group B (with the slow introduction
of the anesthetic), the structural changes in periodontal
tissue were minimal, while the continuity of the epithe-
lium was preserved. However, focal hyperemia was noted

in the intramucosal microcirculatory vessels (Fig. 1-4).

Group
| (control) A B © D
Plasma glucose levels 6.0 = 0.2 6.8 = 0.2*V 51 = 04 7.0 = 0.15*W 55 + 0.35
AST, U/l 165 = 05 277 = 1.0*V 19.7 = 16 324 = 15*W 188 = 2.1
ALT, U/ 13.7 £ 05 124 = 19 138 = 0.6 13.1 = 0.67 129 = 09
AST/ALT 1.21 = 0.06 233 = 028"V 143 + 0.13 25 = 0.7*W 145 + 0.18

Statistically significant difference in values in case of paired comparison: P < 0.05in comparison with control animals; V — P < 0.05 in comparison
between groups A and B; W — P < 0.05 in comparison between groups C and D. U/l—units per liter. AST, aspartate aminotransferase; ALT,
alanine aminotransferase.

Fig. 1. Periodontal tissues. Hematoxylin and eosin (H&E) staining (200
x). (1-1) Control. Histological changes are absent, (1-2) Rapid introduction
of the drug. Severe infiltration (arrow) and signs of aseptic inflammation,
(1-3) Rapid introduction of the drug. Severe infiltration and signs of aseptic
inflammation, microvascular spasm. The splitting of the epithelium, (1-4)
Slow injection of the drug. Minimal signs of reaction from the bloodstream
in the form of spasm of the capillaries (arrow) and the formation of “sludge
complexes” (aggregation and agglutination of red blood cells).
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Fig. 2. Fast intraligamentary introduction of the anesthetic solution. (2-1)
Destruction of the dentogingival ligament (A) with moderate edema of
the mucosa and submucosa (B) of the adjacent gums. (2-2) Destruction
of the dentogingival ligament (B) with moderate edema of the mucosa
and submucosa (A) of the adjacent gums. Hematoxylin and eosin (H&E)
staining (200 Xx).
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Signs of intragingival ligament damage with moderate
swollen adjacent gingival mucosa and submucosal edema
were noted in group C (Fig. 2-1). No structural damage
was registered in group D as compared to the control.
However, moderate interstitial edema of connective

tissues was registered in group D (Fig. 2-2).

DISCUSSION

In accordance with the results of the biochemical
research, verified glucose escape was observed in animals
from groups A and C (which underwent rapid introduc-
tion of the anesthetic into mucosa or intraligamentary
tissues), as compared to the animals of control group I.
However, this was not noted in animals of groups B and
D. Seemingly, such glucose escape with the rapid intro-
duction of the anesthetic suggested the development of
stress reaction accompanied by energy resources
mobilization at initial stages [29].

Changes in glucose level, apparently, cannot be
explained by the increase in serum catecholamine levels
[30], as it is dose-dependent and is manifested for several
minutes to half an hour [31], while the biochemical
analysis was conducted after 1.5 hours. It appears that
it is a symptom of the progressing stress reaction, as also
evidenced by changes in AST enzymes activity and
increasing DeRitis coefficient [28]. It has been estab-
lished that AST is a component of heart, liver, kidney,
skeletal muscles, neural tissues, and that of pancreatic
gland, spleen, and lungs, to a lesser degree. Hence,
elevation of the level of this enzyme in the blood suggests
progression of the initial stage of a generalized stress
reaction [32].

According to the histological outcomes, signs of
impaired microcirculation were registered at any speed
of anesthetic introduction, which is an evidence of the
progressing adaptation syndrome [33]. However, a pos-
sible cause of these disorders can be the presence of
vasoconstrictor agents (epinephrine hydrochloride) used

widely in the local anesthetics.

Vasoconstrictor agents are commonly integrated in
anesthetic solutions to facilitate vasospasm at the spot of
injection, which in turn prevents rapid reduction of the
anesthetic, thereby potentiating its function. Additionally,
these agents result in prolongation and enhancement of
analgesic effect due to the inhibitory action on the
myelinated fibres [34,35]. Use of vasoconstrictive com-
ponents also enables reduction of the overall concen-
tration of the anesthetic in the body and prevents
progression of central toxic reactions [34,35].

Nevertheless, morphological changes are noted at the
spot of injection, regardless of the amount of the intro-
duced medication (with vasoconstrictor), suggesting the
progression of aseptic coagulation necrosis along with
progressive reactive inflammation in the area of medica-
tion introduction [36].

However, as noted in the current study, progression of
necrosis was not obligatory and was dependent on the
speed of introduction of the anesthetic. At a slow speed
of anesthetic solution introduction, minimal signs of
response reaction in the form of capillary vessel con-
strictions and formations of erythrocyte “sludge com-
plexes” (aggregation and agglutination of RBCs) were
registered (group B, Fig. 1-4).

Such changes in the microcirculatory bloodstream were
also registered by other researchers, who suggested that
with an adrenaline concentration of 1:50,000, complete
adiemorrhysis occurs at the spot of introduction, which
progresses for 20-30 s and continues for 15-20 min
[37,38]. Nevertheless, surface epithelium disruption with
developing exudative reaction was observed only with the
rapid introduction of anesthetic in the current study.

Presence or absence of necrosis symptoms following
the introduction of the anesthetic, apart from the speed
of infusion, also depends on the type of subiculum and
the pressure of solution injection [37,38]. Hence, the
appearance of the necrotic changes at the spots of intro-
duction of anesthetics with vasoconstrictors as described
in literature [36] can be explained by the inadequacy of
the model used by the authors (anesthetic is injected into

muscular tissue and not into mucosa or dentogingival
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ligament).

Similarly, when administering intraligamentary anes-
thesia, regardless of the speed of the introduction of the
anesthetic (groups C and D, Fig. 1 and 2), destruction
of the dentogingival ligament was observed, which could
be attributed to the tear of tissues due to high pressure
of the solution noted while administering this type of
anesthesia.

In conclusion, injection of local anesthetic at any speed
of introduction induces response in the form of vascular
congestion in the microcirculatory bloodstream and
exudative reactions.

Rapid introduction of an anesthetic causes progression
of structural disorders of gingival tissue.

Changes in the levels of glucose and enzymes follow-
ing rapid introduction of local anesthetics signify the
severe systemic stress reaction of the body with this type

of introduction.
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