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Abstract 
Background: Adjunctive hyaluronidase has been widely used for ophthalmic anesthesia; however, in Dentistry, 
very few studies are available so far. Thus, the present study aimed to evaluate anesthetic outcomes of adjunctive 
hyaluronidase administration following buccal infiltration of articaine with epinephrine for anesthesia of mandibu-
lar first molars. 
Material and Methods: Twenty-eight patients received a buccal supraperiosteal infiltration of 4% articaine with 
1:100,000 epinephrine for anesthesia of the mandibular first molars, in a split-mouth approach. Afterward, ran-
domly and using the same technique, they received either 1.0 mL of hyaluronidase (150 UTR/mL) or a placebo 
solution. Considering patients’ pain perceptions provoked by electric and mechanical stimulations, as well as using 
a pain scale, success rate, action onset time, duration of both pulpal and soft tissue anesthesia, and pain immediately 
after both punctures and on the 2nd day were assessed. 
Results: The pulpal anesthetic success rate was 85.7% for hyaluronidase and placebo groups. Soft tissue anesthesia 
showed a shorter action onset time and a longer duration when hyaluronidase was used; however, there was no 
difference between the groups regarding action onset time and duration of pulpal anesthesia. Pain at the puncture 
sites did not differ between the groups, regardless of the time point evaluated. 
Conclusions: Adjunctive hyaluronidase following buccal infiltration of articaine with epinephrine for mandibular 
first molars seems not to provide any advantage in anesthetic outcomes in which the nerve fibers are intraosseous 
(i.e., pulpal anesthesia). On the other hand, soft tissue anesthesia may be improved substantially by using this phar-
macological strategy.
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Introduction
Hyaluronidase is an enzyme that exhibits exceptional 
tissue penetration, and is used as an adjunct to impro-
ve the absorption and dispersion of other injected drugs. 
Its mechanism is based on reversible hydrolysis of the 
β-1,4-glycosidic linkages of hyaluronic acid, a consti-
tuent of the extracellular matrix composed primarily of 
proteoglycans and glycoproteins synthesized by fibro-
blasts and their derived cells (1,2). 
Before modern eye surgery techniques were developed, 
the associations of local anesthetic agents with bovine 
hyaluronidase had been commonly used in ophthalmic 
surgery to achieve less akinesia, leading to greater com-
fort and better patient and surgical satisfaction scores 
(3,4). The rationale for it was based on the premise that 
hyaluronidase would aid the spread of local anesthetic 
agents through the soft tissues around the eyes (5,6). 
Although several studies have investigated adjunctive 
hyaluronidase either when mixed in the local anesthe-
tic solution (7-12) or with delayed administration (i.e., 
before the end of the anesthetic effect) (13,14) in many 
other organs and tissues, its possible benefits are still de-
bated. 
As traditional techniques for mandibular anesthesia are 
occasionally confounded by anatomical variations (15) 
and important clinical complications may arise during 
or after the procedure (e.g., intravascular injections, 
needle breakage, hematoma, trismus, and facial palsy) 
(16), alternative methods and substances may be of great 
value in Dentistry. Adjunctive hyaluronidase may facili-
tate the diffusion of local anesthetic agents (15), which 
may benefit medically compromised patients in whom 
sympathomimetic vasoconstrictors or long-acting local 
anesthetic agents should be avoided (17).
Also regarding the adjunctive use of hyaluronidase in 
Dentistry, the few studies conducted so far have yiel-
ded conflicting results. Whereas some authors have re-
ported no benefit when hyaluronidase is injected during 
inferior alveolar nerve block (18), others have argued 
in favor of the use of this enzyme concomitantly to 
buccal infiltrations for mandibular teeth (19), as well as 
in combination with benzocaine gel applied over man-
dibular teeth presenting exposed pulp after the failure 
of intrapulpal anesthesia injection (5) or when injected 
late during inferior alveolar nerve block (13,14). Fur-
thermore, reports of hypersensitivity to hyaluronidase 
following ophthalmic anesthesia have been recently 
published (20-22). 
Taking into consideration the lack of studies on the late 
use of hyaluronidase in infiltrative terminal mandibular 
anesthesia, the present study aimed to evaluate the anes-
thetic outcomes of adjunctive hyaluronidase following 
buccal infiltration of articaine with epinephrine for man-
dibular first molars.

Material and Methods
This split-mouth, double-blind, placebo-controlled ran-
domized clinical trial was conducted at the Dental Clinic 
of the Faculty of Dentistry of the University of São Pau-
lo (FOUSP) with a convenience sample, from February 
to November 2011. Sixty healthy outpatients, 18 years 
of age or older, who would receive resin composite res-
torations for two contralateral mandibular first molars 
(i.e., superficial enamel or shallow dentin caries on oc-
clusal surfaces, with both teeth showing similar clinical 
and radiographic features) were selected. 
Exclusion criteria consisted of systolic or diastolic arte-
rial blood pressure >130 and >90 mmHg, respectively; 
heart rate <50 or >110 beats per minute; smoking; current 
pregnancy or lactation; systemic diseases or medications 
known to affect collagen or pain pathophysiology/per-
ception; bone disorders; allergy or hypersensitivity to 
any drug used in the study protocol; previous radiothe-
rapy of the head and neck; and local infection or inflam-
mation.
All procedures were double-blinded and performed by a 
single researcher. Randomization was performed using 
a computer-generated table, and both codes for each pa-
tient (right/left sides and experimental or placebo solu-
tions) were then allocated into numbered, opaque, sea-
led envelopes by another researcher. According to the 
split-mouth study design, each patient attended clinical 
appointments twice (at least 7 days apart) and always in 
the same morning period.  
Following a blood aspiration test to avoid accidental in-
travascular injection, the patients received a slow buccal 
supraperiosteal infiltration of 1.7 mL of 4% articaine hy-
drochloride with 1:100,000 epinephrine (Septanest with 
adrenaline 1:100,000™, Septodont, France) for anesthe-
sia of a mandibular first molar. Shortly thereafter, either 
1.0 mL of hyaluronidase (150 UTR/mL) or a placebo 
solution (distilled water), which were previously hand-
led and placed into cartridges coded as A and B by the 
manufacturer, was injected at the same puncture area of 
the first injection and using the same buccal technique.  
The success and duration of pulpal anesthesia were as-
sessed according to the pain perception provoked by an 
electrical pulp stimulator (Vitality Scanner Pulp Vitality 
Tester™, SybronEndo, USA) applied to the buccal sur-
face of the tooth. Considering that the voltage of this 
device corresponds to values on a 0-80 scale and that 
vital lower molar teeth present a sensibility response in 
the range of 30-70 (23), the baseline value was measu-
red before anesthesia. The electrical stimuli were also 
applied every 2 minutes after the anesthetic injection until 
reaching a value of 80. Pulpal anesthesia was considered 
successful when the patient reported the absence of pain 
on two consecutive stimulations. Action onset time was 
calculated from the final moment of the anesthetic solu-
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tion infiltration to the total loss of pain sensation. Dura-
tion of action was determined by considering the period 
between the total loss of painful sensation to pulp stimula-
tion and partial recovery (i.e., any value lesser than 80 on 
the device display) evaluated every 5 minutes. 
In contrast, buccal soft tissue anesthesia was assessed 
using nociceptive mechanical stimulation by introdu-
cing a dental explorer into the buccal mucosa until pe-
riosteal contact near the target lower molar tooth every 2 
minutes. Soft tissue anesthesia and the action onset time 
were both considered achieved when there was no pain 
response to the mechanical stimulus. After reaching suc-
cessful anesthesia, the above-mentioned procedure was 
repeated every 10 minutes to ascertain the duration of 
action, considering the period between the total loss of 
painful sensation and its partial recovery (pain reported 
to any degree).
A pain scale presenting values from 0 (no pain) to 5 (the 
worst pain imaginable) and written instructions on its 
use were provided to the patients at the first appointment. 
The patients were asked about pain from the anesthetic 
infiltration site immediately after the first (solution of 
articaine with epinephrine) and second (hyaluronidase 
or placebo) injections and asked again on the 2nd day 
by phone call.
This study was previously approved by the local Re-
search Ethics Committee, School of Dentistry of the 
University of São Paulo (FOUSP) (Protocol #63/2009, 
FR 255186). The patients received information regar-
ding the study before being submitted to any procedure, 

and those who agreed to participate read and signed the 
informed consent form.
Data were analyzed both descriptively and inferentia-
lly in the BioEstat 5.0™ software (Instituto Mamirauá, 
BRA). The differences between hyaluronidase and pla-
cebo groups were analyzed by the paired samples T-test 
for continuous data and by the Wilcoxon test for dis-
crete ordinal data. Moreover, effect sizes were determi-
ned using G*Power 3.197™ software (Universität Kiel, 
Germany). The observed power for each parameter was 
calculated also by the same software and adopting α = 
0.05, as follows: soft tissue latency, 91.6%; soft tissue 
duration, 72.7%; pulpal latency, 14.7%; pulpal duration, 
20.8%; pulpal anesthetic success, undetermined; pain 
after the first puncture, 5.2%; pain after the second punc-
ture, undetermined; pain on the second day, 6.7%.

Results
The final sample included 28 patients since 28 were 
initially excluded from the study and 4 did not comple-
te all the proposed clinical procedures (Fig. 1). Twel-
ve (43%) were men and 16 (57%) were women, with a 
mean age of 27.53 years (±6.56). The pulpal anesthetic 
success rate was 85.7% (24 patients) for hyaluronida-
se and placebo groups (P undetermined). A statistically 
significant shorter action onset time (P = 0.0018) and a 
longer duration (P = 0.0130) were observed in soft tissue 
anesthesia when hyaluronidase was used (Table 1). In 
contrast, no statistically significant intergroup differen-
ces were observed regarding either action onset time (P 

Fig. 1: Flow diagram for patient inclusion and exclusion.
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Evaluation (minutes) Hyaluronidase Placebo d P-value

Latency
Mean 2.4286 4.6429

0.65 0.0018*
Standard deviation 1.1996 3.1295

Duration
Mean 67.2857 51.2143

0.50 0.0130*
Standard deviation 20.151 19.852

Table 1: Average, standard deviation, and effect size (d) of evaluations of soft tissue anesthesia.

*Statistically significant difference (paired samples T-test, P< 0.05)

= 0.3584) or duration (P = 0.2467) of pulpal anesthesia 
(Table 2). Pain at the puncture sites was similar between 
the groups both immediately after the first puncture (P 
= 0.1698) and on the 2nd day (P = 1.0). In all cases, the 
patients reported the same score immediately after both 
second punctures (P undetermined) (Table 3).

Discussion
This study evaluated the success rate, action onset time, 
and duration of both pulpal and soft tissue anesthesia 
and pain at puncture sites when hyaluronidase was used 
following buccal infiltration of articaine with epinephri-
ne for mandibular first molars. To the best of the authors’ 

Evaluation (minutes) Hyaluronidase Placebo d P-value

Latency
Mean 5.1964 5.9643

0.18 0.3584
Standard deviation 2.5398 3.7167

Duration
Mean 42.9643 38.2143

0.22 0.2467
Standard deviation 17.3044 15.9429

Table 2: Average, standard deviation, and effect size (d) of evaluations of pulpal anesthesia.

No statistically significant difference was observed (paired samples T-Test, P< 0.05)

Evaluation (pain scores) Hyaluronidase Placebo d P-value

First Puncture

Mean 2.0714 2.2143

0.03 0.1698
Standard deviation 0.6627 0.5681

Median 2 2

Range 1-3 1-3

Second Puncture

Mean 1 1

- -
Standard deviation 0 0

Median 1 1
Range 1-1 1-1

2nd Day

Mean 1.0714 1.25

0.07 1.0
Standard deviation 0.2623 0.7993

Median 1 1
Range 1-2 1-5

Table 3: Average, standard deviation, median, range, and effect size (d) from evaluations of pain at the puncture 
sites.

No statistically significant difference was observed (Wilcoxon test, P< 0.05)

knowledge, this is the first paper addressing the adjunc-
tive hyaluronidase with articaine and epinephrine for 
buccal mandibular anesthesia, as well as multiple anes-
thetic outcomes.
Buccal infiltrations with articaine are more effective than 
lidocaine ones for posterior mandibular teeth (24,25). Its 
improved efficacy is related to enhanced bone penetra-
tion due to greater lipid solubility that is conferred by a 
thiophene ring, an additional ester group (26), and intra-
molecular hydrogen bond formation (27). 
The results of this study indicate that adjunctive hyalu-
ronidase significantly prolonged the duration of soft tis-
sue anesthesia, and also shortened its action onset time; 
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however, no additional benefit to pulpal anesthesia was 
observed. The osseous extracellular matrix is calcified 
due to the deposition of hydroxyapatite crystals (com-
prised of calcium phosphate released by the rupture of 
vesicles in the maturation phase) on collagen fibrils and 
by condensation of existing components (hyaluronan) 
during osteogenesis (28,29). This condensation of the 
matrix probably hinders hyaluronidase action in matu-
re bone (30), which may explain the present findings. 
Summing up, adjunctive hyaluronidase in the concentra-
tion proposed herein following buccal infiltrations may 
be an interesting strategy for procedures encompassing 
soft tissues in which long-lasting anesthesia with a fast 
action onset is desired such as periodontal surgeries and 
complex biopsies.
A certain degree of discomfort at the puncture sites was 
expected among patients in the hyaluronidase group, 
because of catabolism of connective tissue compo-
nents that may remain incompletely restored for up to 
48 hours (18,31). Curiously, there were no intergroup 
differences in pain at the injection sites either immedia-
tely after punctures or on the 2nd day, showing that the 
concentration of hyaluronidase used herein was suitable 
for the buccal technique and does not seem to spread to 
neighboring tissues, since there were no reports of ad-
verse effects such as trismus and pain as observed in the 
conventional alveolar inferior nerve block (18). 
Because few studies on the use of hyaluronidase in 
dentistry have been completed, the present results are 
encouraging and can be considered a relevant contri-
bution to the literature; however, these findings should 
be interpreted with caution. Firstly, the sample size was 
not determined statistically before patient enrollment, 
which may have yielded biased results, especially on 
the likelihood of failing to detect true differences be-
tween groups (type-2 error). Because statistical power 
and P-values depend simultaneously on sample and 
effect sizes, the convenience sample used herein could 
not provide sufficient power to detect some significant 
differences between both groups (32), as noted by the 
observed (posthoc) power calculated for each anesthe-
tic outcome (when possible). Likewise, other variables 
need to be better investigated in order to obtain more 
robust data. These variables may include the concen-
trations of both hyaluronidase and vasoconstrictor, the 
use of other anesthetic agents, the selection of different 
mandibular/maxillary anatomic sites (i.e., where varia-
ble cortical bone thickness may affect the bioavailability 
of local anesthetics and hyaluronidase), the application 
for a limited and restricted purpose (aiming at achieving 
pulpal or soft tissue anesthesia), and the potential of pre-
venting further bleeding. 
Summing up, within the limitations of this study, ad-
junctive hyaluronidase following buccal infiltration of 
articaine with epinephrine for mandibular first molars 

seems not to provide any advantage in anesthetic outco-
mes in which the nerve fibers are intraosseous (i.e., pul-
pal anesthesia). On the other hand, soft tissue anesthesia 
may be improved substantially by using this pharmaco-
logical strategy.
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