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SUMMARY
Objectives. This prospective cohort study aimed to investigate effectiveness of Computerized Local Anesthesia (CLA) on
oral implantology through estimation of pain and discomfort and total quantity of injected anesthetic.
Methods. Forty-five consecutive patients whose treatment plan included immediate or late dental implants were included in
this study. The main inclusion criteria comprised: previous implant intervention under conventional anesthesia (CA) during the
past 3 years and no previous treatment of pain relief. All patients reported on a 0-10 scale on previous experience with CA,
and new experience with CLA. The same CLA system, namely Single Tooth Anesthesia (STA) was used for all patients with
half of the quantity normally used for CA. Data on quantity of anesthetic and reported ratings were collected and described.
Potential associations and determinant variables were analysed through correlation analysis and regression models.
Results. Out of 45 patients, 27 received post-extractive implant surgery whereas the rest 18 implant surgery on healed
sites. The reported pain from STA (mean 1.6, SD 0.7) showed important difference as compared to CA (7.9, SD 1.2;
z=5.873; p<0.0001). The comfort perceived during the STA ranged from 7 to 10 (mean 9.5, SD 0.79). A second injection
with half of the initial dose was necessary in three cases only.
Conclusions. STA system proved to be effective during interventions of dental implantology, by markedly reducing patients’
pain and discomfort and the total quantity of necessary anesthetic.
Key words: computerized local anesthesia, single tooth anesthesia, pain and discomfort, intraligamentary anesthesia,
dental anxiety.

Introduction

Dental anxiety and dental phobia are phenomena
which exhibit high prevalence worldwide. Selfreported dental anxiety is directly influenced by
dental procedures-related pain (1). The following avoidance of dental care results in poor oral
health and compromised quality of life (2). Recent studies have reported how dental anxiety is
an understudied problem and have underlined
the importance of implementing strategies to

overcome such a common problem for both children and adult patients (2-4). Attempts to control
dental pain and discomfort include a wide variety of psychological therapies and mechanical
strategies, depending mainly on the type of dental treatment and structure of dental anxiety (5,
6). Among the fear provoking objects, the sight
and sensation of anesthetic needle remains one
of the most relevant (7, 8). Considering the fact
that local anesthesia is a necessary procedure for
pain control during the majority of dental treatments, management of needle – related anxiety
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is of outmost importance for an atraumatic and
efficient therapy. To this end, new technologies
are focused on enhancing anesthetic agents and
delivery devices. The most promising technique
consists of computerized local anesthesia (CLA)
that combines controlled flow rate with anesthetic delivery pathway. The device Single Tooth
Anesthesia (STA - Milestone Scientific Inc.,
Livingston, NJ, USA) is a computer-controlled
provider of local anesthetic for specific use in
dentistry. The painless injection is primarily due
to slow computer-driven supply of anesthetic
which results in mechanical insult remaining below the pain threshold of the patient. The hand
piece has a pen-like shape which allows for an
easy grip proximal to the needle and accurate
insertion into the target site. In this way the operator has more control of the needle during the
injection. The interface of the device is constituted by a series of visual LED indicators that,
along with the relevant acoustic signals, guides
the clinician during anesthetic procedures providing information regarding the speed supply,
the amount of dispersed anesthetic and the needle position compared the target site. Previous
research has reported that the STA system offers
several advantages over conventional needles
and traditional local anesthesia, including reduced trauma for injected tissues, enhanced tactile sensation and higher precision. Moreover, it
is purported that STA requires lower quantity of
anesthetic for obtaining the same anesthetic effect as conventional anesthesia especially considering its rapid onset (9, 10). This aspect
could be particularly beneficial for patients suffering from systemic diseases that require peculiar treatment during local anesthesia. The increased comfort and better patient’s acceptance
during STA have been extensively documented
on pediatric dentistry research (11-15). Several
comparative studies between CLA and conventional injections have been conducted also in
periodontology, endodontics, prosthetics, maxillofacial surgery and restorative dentistry (1519). To the best of our knowledge, effectiveness
and potential advantages of STA on dental implant surgery have not been investigated so far.

Considering the increasing application of dental
implants into everyday clinical practice, especially for post-extractive and immediate rehabilitation (20-22), estimation of anesthetic procedures that might reduce the total discomfort
and anxiety related to the intervention is of particular interest.
The aim of the present study was to evaluate
clinical benefits of STA system through patients’
self-reported pain and discomfort and measurement of required anesthetic quantity during dental implant surgery performed under STA.

Materials and methods

This clinical investigation was designed as a
prospective cohort one-centre trial. Forty-five
consecutive patients were enrolled based on the
following inclusion criteria: older than 18 years,
treatment planning involving dental implants,
previous dental implant surgery with conventional anesthetic methods during the last 3 years,
no previous pain relief therapy, no previous STA
injections, no systemic or local conditions that
might be a contraindication for dental implant
therapy. Data on gender, age, number of extracted teeth (when performed), type of surgery
(post-extraction or edentulous ridge, open flap
or flapless, number of inserted implants), jaw
(mandible or maxilla) and site of implant placement (sextant of the mouth, number of tooth)
were collected and recorded.
Each patient filled two questionnaires, each one
consisting of several questions to be answered
on a 10-degree scale (1 not at all, 10 extremely).
The first questionnaire was submitted during the
appointment before the treatment and aimed at
quantification of pain and discomfort during
previous dental implant surgery performed under conventional local anesthesia and expectations from computerized anesthesia. It included
the following questions: Q1. How much do you
fear the traditional anesthesia?; Q2. How much
pain did you feel with conventional anesthesia
procedures performed during your previous den-
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tal implant treatment?; Q3. After receiving information on computerized anesthesia, how
much do you fear this technique?
The second questionnaire was delivered at the end
of the surgical intervention performed under STA
and consisted of two questions: Q4. How much
pain did you feel with STA?; Q5. How much comfortable is computerized anesthesia? (1 not at all,
10 extremely). Patients were also asked on their
feeling of surrounding soft tissue anesthesia and
perioral numbness feeling. They were informed
that STA was being tested and written informed
consent was obtained from all of them. The followed procedures were in accordance with the ethical standards of the responsible committee of human experimentation and with the Helsinki Declaration of 1975, as revised in 1983.

Surgical procedure

All patients underwent one or several sessions of
oral hygiene debridement prior to surgery. The
STA was used in normal mode flow and with
Control Flow. The STA needle has a diameter of
30 gauge and length of 0.5 inches. No topical
anesthetic was used. Articaine hydrochloride 4%
combined with epinephrine 1: 100,000 (1.8 ml
cartridges) was administered to all patients. In
case of healed alveolar crests, two injections
were performed, one on the vestibular side and
the other on the oral side, both midway between
the centre crest and the muco-gengival line (Figure 1a). For post-extractive sites, one single
vestibular intraligamentary injection was performed for incisors and canines, whereas premolars and molars received one vestibular and one
oral injection (Figure 1b). In order to test the hypothesis that STA requires a reduced quantity of
anesthetic for providing the same effect as conventional anesthesia, patients were injected with
half of the total quantity normally used during
conventional technique. Namely, one cartridge
was injected in both post-extractive or healed
sites. In cases of two adjacent teeth, the total
quantity of anesthetic was augmented by half

cartridge. Additional anesthetic was administered in case of reported pain during the intervention. Data on quantity of delivered anesthetic during the first injection and second injection
(when necessary) were recorded on customized
data sheets.
All post-extractive implants were placed through
a flapless technique, while a full thickness flap
with no lateral incisions was elevated for implants inserted in healed edentulous sites (Figure
2a). Patients received dental implants with
length varying from 8 mm to 11.5 mm and diameters from 3.75 mm to 5 mm (Figure 2b).
Each implant was inserted following the manufacturer’s instructions and the dedicated kit of
surgical instruments. All implants were covered
by healing screw. Open flap sites were sutured,
whereas flapless sites were healed by secondary
intention. All interventions were performed by
the same senior surgeon (G.FR) having an extensive experience with STA system. Prosthetic
rehabilitation was achieved through removable
and/or fixed prosthesis (Figure 2c).

Statistical analysis

Sample size calculation was performed by conducting a preliminary investigation on 20 patients who reported on a zero-to-ten scale the
fear from conventional anesthesia, which was
considered the primary outcome. Results indicated a mean of 6.8 (SD=3.9). Sample size was
calculated through the command “power onemean” on Stata, aiming to improve the score on
STA system by 5 as compared to conventional
anesthesia. A total of 45 patients were included,
accounting for 6 (10%) potential dropouts. Demographic data of patients and intervention
characteristics were described calculating
means, medians and standard deviations for continuous variables and proportion for categorical
variables. Difference on pain rates between conventional anesthesia and STA was tested through
Wilcoxon signed-rank test. Single and multiple
linear regression models, accounting also for po-
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Figure 1
(a) Intraligamentary injection performed on existing teeth; (b) Crestal injection
performed on edentulous sites.

tential interaction, were fitted in order to assess
any influence on perceived pain and fear of variables such as age, sex, second time injection,
quantity of anesthetic, post-extraction intervention and pain from traditional anesthesia. Regression model coefficients and 95% confidence
intervals were calculated for different potential
predictive variables. Potential correlations were
investigated also through Pearson’s correlation
coefficient. All tests were two-tailed and all statistical comparisons were conducted at .05 level
of significance. Analyses were performed by an
independent operator using Stata version 13
(Stata Statistical Software, release 13.0, StataCorp).

Results

The study population of 45 patients included 22
males (49%) and 23 females (51%) aged 32 to
70 years (overall mean age 54.8 years, SD 9.2
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years). Twenty-seven patients (60%) received
post-extractive implant surgery whereas the rest
18 (40%) implant surgery on healed sites. Out of
all post-extractive interventions, 16 were single
teeth, 8 included 2 adjacent teeth, 1 included 3
adjacent teeth and 2 included 6 teeth. Interventions on healed sites comprised 16 single-tooth
areas which were restored by single implants,
one case of two adjacent missing teeth and one
of three adjacent missing teeth areas. For 42 patients interventions and STA were performed on
one sextant only, whereas for the remaining
three, on two adjacent sextants. A second injection during the intervention was deemed necessary and performed in three cases, one being
post-extractive. For each of these patients, the
additional injected quantity was half cartridge
(0.9 ml). Data on sites of anesthesia and quantity of injected anesthetic are presented in Table 1.
Fear from conventional anesthesia resulted in
quite high levels ranging from a minimum of 5
to a maximum of 10 (mean 8.4, SD 1.5). Immediately after having information on STA, pa-
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Figure 2
(a) Clinical view prior to implant insertion. Crestal incision was performed on the healed site of
the alveolar crest, whereas no other flap was elevated; (b) Radiographic image after implant
placement; (c) Clinical view after prosthetic rehabilitation.
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b

c
tients reflected a markedly reduced fear on anesthesia (Q3 mean 3, SD 1.65). The mean pain level experienced during STA technique (mean 1.6,
SD 0.7) showed highly significant difference as
compared to pain reported on conventional technique (7.9, SD 1.2; z=5.873; p<0.0001). The

comfort perceived during the STA ranged from 7
to 10 with a mean of 9.5 (SD 0.79). Pain and fear
from conventional anesthesia exhibited important positive correlation (Pearson’s coefficient
0.64), whereas pain from STA and pain from
conventional anesthesia did not show interaction
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Table 1 - Data on type, site and quantity of administered STA.
Number of patients (percentage)
Type of injection
Intraligamentary
Crestal

27 (60%)
18 (40%)

Maxillary anterior
Maxillary posterior
Mandibular anterior

11 (23%)
19 (40%)
5 (10%)

Site of injection*

Mandibular posterior
Quantity of injected anesthetic (ml)

0.9
1.8
2.5
3.6

*Three patients received anesthesia on two adjacent sextants.

(Pearson’s coefficient -0.07).
Relationship between potential determinant
variables such as age, gender, jaw, type of injection, quantity of anesthetic and pain during STA
did not result in any significant association in
both univariate and adjusted multivariate models. Comfort experienced with STA seemed to be
influenced by age, younger patients reporting
higher levels of comfort (coeff=-0.04; 95%CI=0.06 to -0.01; p=0.004). Similarly, it was slightly influenced by pain reported during conventional anesthesia, those experiencing more pain
during conventional injection tempted to consider more comfortable STA (coeff=0.19; 95%CI=0.05 to 0.38; p=0.05). Independently of the injection site, number of injections and total quantity of injected anesthetic, no numbness of lips
or face were reported by patients.

Discussion

The natural progress of medical care through a
century where the single individual is the centre
of society has moved the priorities of dental care

386

13 (27%)

19 (42%)
13 (29%)
9 (20%)
4 (89%)

providers towards the accomplishment of patient’s requirements and satisfaction. Apart from
implementation of effective and scientificallybased therapies, dentists should assure that their
interventions are well accepted by patients and
do not compromise their quality of life. Despite
the high frequency and routinely performance
for many decades the injection remains one of
the most important sources of anxiety. Similarly,
dental treatments still rank almost on top of the
big fears perceived by patients (23, 24). Oral
surgery is a particularly stressful condition that
causes relevant increase in pain perception, anxiety and expected suffering (25). Such a situation can also impair patient’s capacity of understanding provided important information (26).
Moreover, considering that pain experienced by
patients in oral surgery is influenced by the
presurgical anxiety (27), control of stress and
anxiety are essential steps toward appropriate
patient management and high-quality care. CLA
has already proved to be efficient in pediatric
dentistry, whereas its use on adult patients and
specifically in dental implantology has been partially investigated.
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The present study estimated pain and anxiety on
patients undergoing dental implant therapy with
STA system and investigated also the potential
benefit of this system in terms of reducing quantity of anesthetic. Although the study was not of
cross-over design, it included patients who had
previously undergone similar surgery under CA
and reported on their experience in terms of pain
and anxiety during CA and STA injection, serving as their own controls. With the aim of reducing bias, patients were asked to report on CA before they had information on STA and not on the
same day of surgery (27). The time lap between
the previous CA intervention and their rating
might have modified the memory of their experience, therefore the reporting on differences between the two anesthetic systems was not considered similar to the comparative result of a
randomized study. This difference served to
roughly quantify the experience with STA with
reference to CA. Considering these aspects, calculation of sample size was also settled seeking
a big difference between the two mean ratings.
Nevertheless, the observed advantage of STA
against CA tempts to be fairly realistic, considering also that in the majority of cases, with
time, pain experiences are remembered less intensive than immediately after the intervention.
Testing the hypothesis of reduced quantity of
anesthetic provided interesting results, accounting for the fact that the half of the normal quantity had to be potentiated with an additional injection only in 3 patients out of 45. This effect
might be attributed to the high precision of STA
which detects the injection site, providing visual
orientation for the operator. It is well known that
local anesthetic dosage varies between operators
and patients, and depends on several factors.
However, scientific evidence reports that dental
practitioners appear to have an inadequate
knowledge about local anesthetics maximumdose and dose calculations (28). Appropriate
dosage of local anesthetic is very often neglected and derives from a poor knowledge of anatomy and pharmacology of anesthetic (29, 30).

The problem becomes even more important in
patients with cardiovascular diseases. Considering that unintended intravascular injections
might occur and central plasma epinephrine levels are influenced by local anesthesia, applying
local anesthetic injections that reduce anxiety
and total quantity of anesthetic is of particular
benefit (31, 32). Due to the reduced total quantity of anesthetic, STA injection is followed by a
shorter latency and sufficient duration of the
anesthesia for performing the surgical intervention. As reported also in other studies (10), after
CLA the post-surgical feeling of numbness and
soft tissue anesthesia is importantly reduced and
this is particularly appreciated by patients who
tempt more and more to consider dental appointment as part of their busy day schedule.

Conclusions

STA used for surgical dental implant placement
in both post-extractive alveolus and healed alveolar crest resulted in very low levels of pain and
discomfort for the patients. From a point of view
of clinical comfort, STA seems to be highly beneficial and very well accepted by the patients
who can go through the surgical intervention
with less fear, anxiety and disruptive behaviour.
Furthermore, the total quantity of required anesthetic is markedly reduced, due to a very precise
injection and consequent rapid onset. As a result,
the numbness feeling of surrounding soft tissues
is reduced and the patient can recover faster after the intervention. As patient’s safety, comfort
and satisfaction are of outmost importance for
all medical interventions, further studies that investigate potentials of STA on dental treatments
are encouraged.
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