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Pain control by means of local anesthesia is an intrinsic part of clinical practice in dentistry. Several studies
evaluated intraligamental anesthesia using a computer-controlled anesthetic device in children. There is a need
to provide a clinical guide for the use of computerized intraligamental anesthesia in children. Intraligamental
anesthesia using a computer-controlled anesthetic device was found to cause significantly lower pain perception
scores and lower pain-related behavior than traditional techniques. This device proven to be effective in restorative
and pulp treatment in children; however, its effectiveness in primary teeth extraction is controversial. It is important
to withdraw recommendations necessity of future studies concerning the side effects of computetized intraligamental
anesthesia in children. The present study aims to review different clinical aspects of computetized intraligamental
anesthesia in children along with the side-effects, type of local anesthesia and postoperative pain of this technique.
This study provides dentists with a clinical guide for the use of computerized intraligamental anesthesia.
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INTRODUCTION

In dentistry, administering local anesthesia through the
use of traditional syringe can cause pain and anxiety,
which can also affect patient behavior. Fear and anxiety
associated with local anesthesia injections can be a major
impediment to dental care because they frequently cause
patients to delay or even avoid treatment. For many years,
a technique called intraligamental anesthesia (ILA) or
periodontal ligament (PDL) injection (intraligamentary)
has also been employed, primarily as a means of
achieving complete anesthesia in a tooth wherein regional

block anesthesia has previously failed to provide it. The
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technique was introduced by Fischer [1] using a standard
dental syringe, wherein the dentist inserts the needle
through the gingival sulcus, into the periodontal ligament,
between the tooth and the alveolar bone. The needle is
then directed along the long axis of the tooth as apically
as possible. The operator slowly injects a small volume
of anesthetic solution under pressure to control the pain
in the associated tooth [2].

Recently, a Computer Controlled Anesthetic Device
(CCLAD) has been introduced, in which the anesthetic
solution is diffused to the tissue at a controlled rate. ILA
using a CCLAD was able to diffuse around 1.2 ml per
tooth through the slow rate of the machine [3]. Several
studies have been conducted on the use of the CCLAD
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in upper molars [4-10]; however, limited studies have
investigated ILA using a CCLAD as a method for
single-tooth anesthesia [11-15]. ILA, if delivered using
a high-pressure syringe, can result in trauma to the
periodontal tissue and prolonged postoperative pain that
can last up to 4 weeks [16,17]. In addition, developmental
disturbances to the underlying permanent tooth buds are
a potential risk of ILA in primary dentition. Therefore,
the present review focuses on the studies that have
evaluated ILA with the CCLAD in children, and it also
aims to provide a clinical guide for ILA using the
CCLAD in children. This study also presents unpublished
data about pain-related behavior assessment of ILA with
the CCLAD among 30 children who participated in a

previous randomized clinical trial.

INTRALIGAMENTAL ANESTHESIA

In the late 1970s, two new local anesthetic devices,
the Peri-Press (Universal Dental Implements, P.O. Box
254, Fanwood, N. J.) and the Ligmajecti (L.M.A.
Associates, U.S., Inc. 270 South Harvard Blvd., Los
Angeles, Calif)), were introduced in the United States.
The two devices claimed to enable the administrator to
achieve profound pulpal anesthesia in a single mandibular
tooth without the need for regional nerve block and
without anesthetizing the lower lip and the tongue [18].
The PDL injection appeared to be a successful alternative
to conventional nerve block techniques for mandibular
anesthesia; however, several patients experienced slight
discomfort several hours later, which was the only area
of difficulty in achieving pain control using the pulp
treatment [18,19].

COMPUTER-CONTROLLED LOCAL ANESTHETIC
DEVICE

In 1997, a new concept of drug delivery through a
CCLAD system known as The Wand (Milestone

Scientific, Livingston, NJ) and later rebranded as
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CompuDent was introduced to the dental profession. The
Wand consists of a disposable hand piece component and
computer control unit. The anesthetic cartridge is placed
in a disposable plastic sleeve that couples with the system.
The anesthetic cartridge is linked with tubing to the hand
piece, which is an ultra-light pen-like handle with an
attached needle. The device is operated by a foot control
that delivers local anesthesia with a precise volume and
pressure ratio [20].

In 2006, a second device, Single Tooth Anesthesia
System (STA System) (Single Tooth Anesthesia System,
Milestone Scientific, Inc., Livingston, NJ), was combined
with Dynamic Pressure Sensing (DPS) technology, and
it was specifically engineered for dental applications [3].
The STA System also has further advantages compared
with older devices, such as the ability to detect a loss
of pressure from leakage during the injection and to limit
the maximum pressure used. Moreover, the device is the
only CCLAD to provide real-time DPS technology,
enabling clinicians to perform a predictable and highly
successful single-tooth anesthesia technique [3]. Addi-
tionally, the STA includes a training mode that verbally
explains how to use the device, and multi-cartridge and
auto-cartridge retraction features, unlike the earlier

version [21].

CLINICAL GUIDE FOR INTRALIGAMENTAL
ANESTHESIA USING CCLAD

Intraligamentary injections are typically performed
using a 30-gauge or 27-gauge half-inch luer-lock needle.
The drive unit operates in STA speed mode and, as the
needle is introduced through the tissue, the system
provides continuous audible and visual feedback to the
clinician. The system has a visual pressure-sensing scale
composed of a series of light-emitting diode (LED) lights
(orange, yellow, and green). Hochman [3] stated that “the
orange lights indicate minimal pressure, the yellow
indicates mild to moderate pressure, and the green

indicate moderate pressure indicative of the PDL tissue.”
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Fig. 1. Single Tooth Anesthesia System (STA-System) and the extra-short
needle used in administration of intraligamental anesthesia.

Additionally, the auditory feedback comprises a series of
sounds composed of ascending tones to guide the
clinician [3].

Authors have conducted randomized trials [11,13]
evaluating pain perception and the effectiveness of ILA
with CCLAD in children. A clinical guide for clinicians
with some clinical photos showing the use of ILA in
children follows:

1. ILA is carried out using a computer-regulated device
with the STA System and the STA speed mode (0.005
mL/sec) selected. Fig. 1 shows the STA System.

2. A 30-gauge extra-short needle (0.5 inch) is inserted
into the sulcus parallel to the long axis of the tooth with
the bevel facing the tooth.

3. As the needle enters the sulcus (approximately 2 mm
below the crest of the bone), the foot switch is activated
at a slow rate and maintained at that rate throughout the
injection process.

4. The technique described by the manufacturer [3] for

each tooth recommends 2 insertion sites to be used. In

Fig. 2. Administration of intraligamental anesthesia in a multi-rooted teeth.
The image presents the first insertion on the distolingual side of the tooth.

Fig. 3. Administration of intraligamental anesthesia in a multi-rooted teeth.
The image shows the second insertion on the mesiolingual side of the
tooth.

children, 2% lidocaine hydrochloride containing a
vasoconstrictor concentration of 1:100,000 parts is
commonly used. In anterior teeth, a drug volume of 0.9
mL is recommended for single-rooted teeth. For
multi-rooted teeth, pulpal anesthesia is provided by the
administration of 1.2 mL of the drug (0.6 mL
mesiolingual and 0.6 mL distolingual). It is recommended
to always start on the distal side and then proceed to the
mesial surface [14]. Fig. 2 and Fig. 3 show the technique
of administration of ILA with CCLAD in primary molars.

5. If anesthetizing a mandibular tooth, you should
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shorten the device hand piece by pulling the micro-tubing
out of the hand-piece channel, turning the tubing away,
and snapping off the plastic hand piece to a length of
about 1.5 inches. For better access, the needle can also
be slightly bent toward the bevel, if necessary.

6. The technique for advancing the needle is to
approach the tooth at about a 45° angle to the vertical
plane, and place the needle in the gingival sulcus, with
the bevel towards the tooth lingually.

7. It is then recommended to move the needle down
the root of the tooth until there is resistance.

8. To signal the correct injection site, hold the needle
in place without excessive pressure and wait for the sound
and light prompts. When the light prompt arrives at the
middle of the Yellow Zone, there is a good chance that
the needle is in the correct site; if the light prompt arrives
at the Green Zone, there is an excellent chance that the
needle has reached the correct injection site.

Depending on the local anesthetic solution selected, the
injection can take 1 to 2 minutes to administer for a
single-rooted tooth, and 1 to 3 minutes for a molar [3].
The DPS in the STA machine allows you to know when
you have arrived at the correct site (the periodontal
ligament space) for a successful ILA; it also indicates
if you have left the site and if the needle has been blocked

by obstruction or pressure.

STUDIES IN CHILDREN

The literature review surrounding the use of the
CCLAD has revealed that studies conducted to evaluate
the CCLAD (The Wand) system in pediatric dentistry
have shown variable results, imposing much controversy
regarding its use in pediatric dentistry. Therefore, further
investigations are required to provide scientific evidence
on the use of CCLAD in children.

An increasing number of clinical trials have demon-
strated measurable benefits of the ILA with CCLAD
technology, mainly related to less pain behavior among

children. Clinical trials have investigated the pain
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behavior of ILA with CCLAD in children; table 1
presents the findings of the studies. Five studies
previously used the STA System, and all of them show
lower levels of pain using ILA with CCLAD. ILA studies
have shown that ILA with CCLAD results in a lesser
increase in heart rate and blood pressure in comparison
to the traditional technique [22,23]. The effectiveness of
ILA in different clinical procedures in children has
resulted in with controversial outcomes. Studies have
revealed that ILA with CCLAD is effective in pulpotomy
and restorative procedures in children compared with an
inferior alveolar nerve block (IANB) [12-14,23].
Researchers have explained that the presence of the DPS
in the STA System makes the ILA more reliable with
predictable and comfortable anesthesia. Recently, a
randomized, controlled, crossover, blind clinical trial
compared the effectiveness of ILA with a CCLAD in
primary teeth extraction to that of supraperiosteal (SP)
anesthesia with CCLAD in children [13]. It was also
found in the studies that SP is more effective than ILA
when used during extraction procedures. However,
Garret-Bernardin et al. (2017) found that ILA using the
STA System resulted in significantly lower pain ratings
and a lower increase in heart rate than traditional
anesthesia [23]. Nevertheless, the study did not evaluate

the effectiveness of ILA in extraction.

SIDE EFFECTS OF INTRALIGAMENTAL
ANESTHESIA IN CHILDREN

Studies have shown that ILA using CCLAD has been
effective for anesthetizing primary teeth [8,12,15,23].
ILA, if delivered by a high-pressure syringe, can result
in trauma to the periodontal tissue and prolonged
postoperative pain that can last up to 4 weeks [16,17].
Furthermore, developmental disturbances to the under-
lying permanent tooth buds is another implication of ILA
in primary dentition. A study previously examined the
spread of the solutions injected in to the PDL and has

shown no concerns with a slowly delivered injection
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Table 1. Studies that have investigated intraligamental anesthesia using the computer-controlled anesthetic device in children

Author P o N“mber of Age o Device Dental procedure  Evaluation Results
year children children
Ram et al. 2003 102 3-1 Wand Operative Pain behavior No difference.
procedures
Oztas et al. 2005 25 6-10 Wand Pulpotomy Pain perception Lower pain scores.
Versloot et al. 2008 147 4-1 Wand NA Pain behavior No clear difference.
Baghlaf et al. 2015 91 5-9 Wand STA Pulpotomy Pain-related Less pain-related
System behavior behavior.
Thoppe-Dhamodhara 2015 120 7-11 Wand NA Disruptive behavior, Less pain and less
et al. STA System heart rate and disruptive
blood pressure behavior
Alamoudi et al. 2016 91 5-9 Wand STA Pulpotomy Effectiveness of Effective during
System pulpotomy pulpotomy.
Elbay, Ulkii Sermet, 2016 90 6-12 Sleeper Restorative, Pain and efficacy of High pain levels
et al. ONE pulpotomy and treatment during
extractions of extraction.
mandibular molars
Garret-Bernardin. 2017 67 7-15 Wand STA conservative Pain perception and Lower pain
et al. System treatment or heart rate perception.
extraction

STA System: Single Tooth Anesthesia System, SP: supraperiosteal anesthesia

using a special syringe [24]. According to the study by
Ashkenazi in 2010 on the effect of computerized delivery
ILA in primary molars on their corresponding permanent
tooth buds, the CCLAD intraligamental injection does not
increase the risk for any developmental disturbances to
the underlying tooth buds [25].

TYPE OF LOCAL ANESTHESIA

The type of local anesthesia solution might have some
influence on the effectiveness of ILA using a CCLAD.
A study by Nusstein et al. (2004) compared the pain of
injection, the increase in heart rate, and post-injection
pain associated with intraligamentary injection of 4%
articaine with 1:100,000 epinephrine and 2% lidocaine
with 1: 100,000 epinephrine using a CCLAD system. The
study showed similar results for the intraligamentary
injection of 4% articaine with 1:100,000 epinephrine
compared to 2% lidocaine with 1: 100,000 epinephrine
for injection pain and post-injection pain in the
mandibular first molar when administered with a CCLAD

system [26]. Furthermore, for both anesthetic solutions

using CCLAD, the heart rate did not significantly increase
with the intraligamentary injection system. A meta-
analysis of seven studies was conducted by Shabazfar et
al. (2013) on periodontal intraligamental injection as an
alternative to inferior alveolar nerve block; the results
showed that cardiovascular disturbances were signifi-
cantly more often associated with IANB, whereas ILA
showed less pain during injection [27].

Hochman stated that the use of 2% local anesthesia
containing a vasoconstrictor concentration of 1:50,000
parts is not recommended for administration of an
intraligamentary injection. It is not also recommended to
use 4% local anesthetics containing a vasoconstrictor
concentration of 1:100,000 parts for administration of an

intraligamentary injection [3].

POST-OPERATIVE PAIN AFTER
INTRALIGAMENTAL ANESTHESIA

A study by Baghlaf et al, (2016) showed more post-
operative pain associated with ILA than with other

techniques; however, this difference was not statistically
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significant [11]. It is known that ILA is applied under
high pressure, which is responsible for the postoperative
pain, but with the use of the STA System, slow-to-
moderate pressures are used and the computer-controlled
rate of flow during administration decreases postoperative
discomfort [3]. In the study of OZTAS et al, (2005) no
comparison was made between the postoperative pain
associated with ILA and TANB; however, most patients
stated that they preferred ILA to IANB.

PAIN REACTIONS TO INTRALIGAMENTAL
ANESTHESIA USING CCLAD

Unpublished data from the previous clinical trial [11]
describe the assessment of pain-related behavior during
ILA with CCLAD using the established behavior code
[28] in comparison to other traditional techniques
(IANB). Pain-related behavior was recorded as present
or absent for every 15-s interval of the entire injection
period. The time of ILA injection (180 seconds) was
longer than the IANB (90 seconds). At the first 15-second
interval, the pain-related behavior of IANB was
significantly higher (mean 1.40) (P-value=0.000) than
ILA using CCLAD [11].

Fig. 4 illustrates the changes in the means of
pain-related behavior scores [11] during ILA among 30
children. During the 180 seconds, an evaluation of
pain-related behavior during the first 90 seconds
correlates with the first injection on the distal side and
then the second 90 seconds corresponds with the mesial
injection. In the first 15 seconds, the mean of the
pain-related behavior was at 0.45 (SD; 0.72), then the
reaction decreased until the 105-second interval, which
coincides with the second insertion of the needle (mesial)
0.33 (SD; 0.47). The pain-related behavior then decreased
again to no pain reaction in the last 60 seconds, which
indicated that pain-related behavior from ILA was higher
only at the two insertions. However, this level is still
considered less painful than that associated with the
IANB technique.
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Fig. 4. Mean pain-related behavior during different intervals of
intraligamental anesthesia administration using CCLAD (n = 30 children;
age range: 5-9 years).

RESEARCH REQUIREMENTS

This review has provided an objective assessment of
ILA using CCLAD in children. There are limited studies
investigating the long-term effects of ILA using CCLAD
on the underlying developing tooth buds. Future studies
should consider evaluation of the prevalence of
developmental disturbances in permanent teeth in which
buds have been exposed to ILA administrated by
CCLAD. Further research could investigate the effec-
tiveness of the ILA using different anesthetic solutions,
with different dental procedures including extractions,
and with different child behaviors.

CONCLUSIONS

Studies that have used CCLAD in administration of
intraligamental anesthesia have shown lower pain
perception scores and lower pain-related behavior. The
effectiveness of intraligamental anesthesia using CCLAD
has been proven for pulp treatment and restorative
procedures in primary teeth; however, future studies need
to consider evaluation of the effectiveness of CCLAD in
extractions of primary molars. Longitudinal follow up

studies are needed to assess the long-term effects of ILA
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using CCLAD on the underlying developing tooth buds.
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