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Abstract
Objectives The aim of the study was to compare the efficacy
of intraligamentary anesthesia (ILA) with conventional inferi-
or alveolar nerve block (IANB) for extraction of mandibular
posterior teeth.
Materials and methods In a prospective clinical trial, a total of
301 mandibular posterior teeth were extracted in 266 patients.
Randomization was conducted into those who received ILA
(patients n = 98; teeth n = 105) and those who received IANB
(patient n = 140; teeth n = 140). Twenty-eight patients were
subjected to bilateral mandibular dental extractions and re-
ceived both ILA und IANB (teeth n = 56 (ILA n = 28;
IANB n = 28)). The primary objective was to evaluate the
differences in pain during injection, in pain during tooth ex-
traction (numeric rating scale (NRS)), and in anesthetic qual-
ity (complete/sufficient vs. insufficient/no effect). Differences
in latency time, amount of anesthetic solution, need for second
injection, and duration of local numbness as well as in the
incidence of dry socket were assessed.
Results ILA had significant lower pain of injection
(p < 0.001), shorter latency time (p < 0.001), and shorter
duration of local numbness (p < 0.001) and required lesser
amount of local anesthetic solution (p < 0.001) together with

a similar anesthetic quality (p = 0.082) compared to IANB.
Concerning pain during extraction (p = 0.211), frequency of
second injection (p = 0.197), and incidence of dry socket
(p = 0.178), no significant differences were detected.
Conclusion ILA fulfills the requirements of a minimal inva-
sive and patient-friendly local anesthetic technique. In accor-
dance, it represents a safe and reliable alternative to IANB for
extraction of mandibular posterior teeth.
Clinical relevance ILA can be recommended for routine den-
tal extractions.
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Introduction

Tooth extraction is one of the most common dental treatment
measures requiring local anesthesia. In the upper jaw, teeth are
usually extracted under local infiltration anesthesia as the
bony anatomy of the upper jaw enables the diffusion of the
local anesthetic solution in sufficient amounts into its working
site. In adults, the bone anatomy in the posterior mandible
allows, however, no adequate diffusion of the anesthetic solu-
tion. In accordance, other anesthetic techniques are required
for extraction of mandibular posterior teeth. Until today, infe-
rior alveolar nerve block (IANB) is still the most commonly
used technique for providing local anesthesia in the posterior
mandible [1, 2]. With IANB, a wide area of the mandible is
anesthetized; so, extended restorative and surgical procedures
can be carried out using one injection only. However, this
technique is painful, has a relatively high failure rate [3], and
has technique immanent risks, such as transient or even
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persistent damage of the lingual and/or the inferior alveolar
nerve [4]. Further disadvantages of IANB may include intra-
vascular injections, hematoma, muscle injury, and trismus [5,
6]. In general, the duration of soft tissue anesthesia after IANB
exceeds the time required for most dental treatments and there
is an increased risk of burn and/or bite injury especially in
children and patients with mental disabilities [7]. In conse-
quence, there is an increasing demand for alternative local
anesthetic techniques [6].

When using intraligamentary anesthesia (ILA), the local
anesthetic solution is injected under relatively high pressure
directly into the periodontal space of the tooth to be anesthe-
tized. The injected solution is forced laterally through the
cribriform plate into the marrow space and into the blood
vessels of the alveolar bone. From there, the solution spreads
to adjacent teeth and structures [8, 9]. This results in a pro-
found anesthesia with an immediate onset of action and an
anesthetic duration of approximately 30–45 min using only
a small amount of anesthetic solution (about 0.2 ml for each
root). The anesthesia is limited to a single tooth and its
supporting structures while anesthesia of the lips, cheeks,
and tongue is avoided. Reversible damage of periodontal tis-
sue, bone and root resorption, and severe bacteremia are re-
ported disadvantages of this technique. ILA appears to be a
possible alternative to IANB for dental extraction. However,
there is a lack of respective studies on this topic.

Therefore, the aim of this study was to evaluate the efficacy
of ILA—in comparison to IANB—for non-surgical extraction
of mandibular posterior teeth. The primary objective was to
evaluate the differences between ILA and IANB in respect to
the pain perceived by the patient during the injection and
during the extraction procedure, as well as the anesthetic qual-
ity (complete/sufficient vs. insufficient/no effect), based on
the outcome of treatment and the degree of discomfort asso-
ciated with the extraction procedure. Differences in latency
time, need for second injection, amount of anesthetic solution,
and duration of the local numbness were also assessed. A
further objective of the study was to clarify whether impaired
wound healing (dry socket) is more frequent after ILA.

Materials and methods

This prospective, randomized clinical trial was conducted in
the Department of Oral, Maxillofacial and Plastic Surgery of
the University Medical Centre Rostock, Germany, after ap-
proval of the local ethics committee (No. A 2014-0129).
Included in the study were patients of both sexes at least
18 years old with clinical indication for local anesthesia be-
cause of indicated extraction of one or more mandibular pos-
terior teeth. Only teeth requiring simple extraction were in-
cluded in this study. Exclusion criteria were the following:
incapacitated patients, pregnancy, lack of compliance, and

chronic or simultaneous taking of psychotropic or anti-
inflammatory (NSAD) drugs in temporal context with the
dental treatment. Teeth with acute apical infections or drain-
age of pus from the gingival sulcus or surrounding tissues and
teeth with more than 0.5-mm mobility in any direction were
not included in the study. If more than one tooth on one side of
the mandible was to be extracted under ILA, each tooth was
considered as independent sample, as each tooth required its
own anesthesia. When, however, more than one tooth on one
side was extracted under IANB, only one tooth that best ful-
filled the inclusion criteria was considered. In the cases of
bilateral dental extraction, either ILA or IANB was adminis-
tered first on one side and tooth was extracted on this side.
After completing the treatment and documentation on this
side, the other technique was then administered on the other
side and another tooth was extracted.

Equipment

IANB was administrated using disposable syringes (BD
Discardit II™, 5 ml, Becton, Dickinson and Company, New
Jersey, USA) and 25-gauge/42-mm needles (Sterican®, B.
Braun Melsungen AG, Melsungen, Germany). For the admin-
istration of ILA, pistol-type syringes (Ultraject®, Sanofi-
Aventis GmbH, Frankfurt am Main, Germany; Fig. 1) and
30-gauge short-bevel/16-mm needles (Heraeus Kulzer
GmbH, Hanau, Germany) were used. The Ultraject® syringe
consists of a screw-able holder for the local anesthetic car-
tridge with a plastic protection tube and a fixture for attach-
ment of the screw-able needle, a body of the syringe
consisting of a toothed piston rod and a pawl for locking the
piston rod, a trigger lever, and a handle with the mechanism of
pressure limitation. The automatic pressure-limiting mecha-
nism ensures that the applied pressure does not exceed
120 N.When pulling the trigger lever too quickly, the pressure
transmission will stop automatically. The local anesthetic
agent used for both techniques was Ultracain D-S (articaine
40 mg/ml plus suprarenin 0.006 mg/ml, Sanofi-Aventis
GmbH, Frankfurt am Main, Germany).

Fig. 1 Ultraject® syringe
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Methods

IANB was administered using the conventional direct method
described before [10]. For the administration of ILA, the nee-
dle was introduced through the gingival sulcus, at an angle of
10–20° to the long axis of the tooth, and was advanced 2–
3 mm into the periodontal ligament space between root and
alveolar bone. The handle of the syringe was then squeezed
firmly until backpressure was achieved. The injection pressure
was sustained to deposit the local anesthetic solution slowly
into the dense periodontal ligament space. For each root,
0.2 ml of local anesthetic was injected over at least 20 s.

Treatment protocol

Prior to the actual treatment, the purposes and nature of the
study were explained and a written consent was obtained from
each patient. The exact time of the injection, the anesthetic
technique used, and the injected amount of local anesthetic
solution were noticed. Immediately after injection, each pa-
tient had to determine how painful the injection was using an
11-point segmented numeric rating scale (NRS). Numbness
was tested with a dental probe on the gingiva immediately
after the injection and further each 10 s in case of ILA and
each 30 s in case of IANB till full numbness was declared, and
the time of onset of the anesthetic effect was noticed. The
extraction procedures started with elevators and forceps, and
the time of beginning the treatment was also noticed. The
subjective quality of the anesthesia was documented using a
Likert scale (complete, sufficient, insufficient, and no effect).
Anesthesia was assessed as complete when it was possible to
remove the tooth without pain and discomfort. The ability to
remove the tooth successfully with mild but tolerable pain and
discomfort was assessed as sufficient anesthesia. Anesthesia
was assessed as insufficient when anesthetic effect was report-
ed by the patient subjectively, but the tooth could not be ex-
tracted successfully with tolerable pain and discomfort.
Severe pain during the extraction and absence of subjective
anesthetic effect were assessed as no anesthetic effect. Cases
of insufficient and no anesthetic effect after the first injection
were considered as primary anesthetic failure. The need for
second injection was documented. If the anesthesia was still
incomplete after the second injection and the completion of
the treatment without pain was not possible, a combination of
both anesthetic techniques was undertaken. These cases were
considered as cases of secondary anesthesia failure. After
complete removal of the tooth, the time of the end of the
extraction procedure was documented. Patients were asked
to remain seated for several minutes after completion of treat-
ment and to evaluate the overall pain and unpleasantness of
the entire treatment again using the 11-point segmented nu-
meric rating scale (NRS). Prescription of postoperative antibi-
otics was done in only few cases with an increased risk of

wound healing disturbances. One day later, the patients were
asked (via telephone) about the duration of soft tissue anes-
thesia. The wounds were examined for signs of retarded
healing (dry socket) at a second appointment within 1 week
after tooth extraction. The criteria for the diagnosis of a dry
socket were as follows: empty alveolus, denuded bone surface
being very sensitive to probing, extreme pain that lasted more
than 3 days after extraction, and unpleasant taste and/or odor.

Statistics

For descriptive analysis of nominal data, absolute and relative
frequencies were calculated. For continuous data, minimum,
maximum, median, and mean values; skewedness; quartiles;
and standard deviations were calculated. For further explor-
ative data analysis, the Kolmogorov-Smirnov test was
employed to test for a difference among ILA and IANB. In
cases of p values < 0.05 and in cases of p values > 0.05, the
Student t test and the Mann-Whitney U test for independent
samples were employed, respectively. The influence of nom-
inal variables was shown with chi-square tests and cross ta-
bles. A global significance level was chosen to be 0.05. All
analyses were carried out using SPSS Statistics version 19
(IBM, Armonk, NY, USA).

Results

Two hundred sixty-six patients of both sexes (176 males, 90
females) were included in this study (teeth n = 301). For data
evaluation, patients were categorized into two evaluation
groups (group I and II) based on whether one or both anes-
thetic techniques were used in individual patients (unilateral
or bilateral tooth extraction). Group I (patient n = 238, teeth
n = 245) involved the patients who received either ILA or
IANB for indicated unilateral dental extraction while group
II (patients n = 28, teeth n = 56) involved the patients who
received both ILA and IANB because of indicated bilateral
dental extraction (split-mouth). ILAwas comparedwith IANB
in each group separately, and the results in group I were then
compared descriptively with that in group II (split-mouth).

Primary objectives

Pain of injection

In group I, the injection pain was rated with a mean of
2.19 ± 1.8 points on the NRS for ILA and 3.65 ± 1.9 for
IANB. In group II, mean ratings of 2 ± 1.7 and 4.2 ± 1.8 were
given for ILA and IANB, respectively. In both evaluation
groups, injection of ILA was statistically significantly less
painful for the patients (p < 0.001; Fig. 2).
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Pain during extraction procedure

The pain perceived by patients during tooth extraction was
rated with a mean of 2 ± 1.7 for ILA (1.6 ± 1.4 in group II)
and amean of 1.7 ± 1.9 points for IANB in evaluation groups I
and II. The difference in pain during tooth extraction under
ILA and IANB was statistically not significant in both groups
(p = 0.211; 0.936; Fig. 2).

Unpleasantness of treatment

The mean ratings for unpleasantness of the treatment under
ILA were 2.3 ± 1.6 in group I and 2.1 ± 1.6 in group II in
comparison to mean ratings of 2.5 ± 2 and 2.5 ± 1.8 for pro-
cedures under IANB in groups I and II, respectively. In both
groups, the difference was statistically not significant
(p = 0.31 and p = 0.427; Fig. 2).

Anesthetic quality

After the first injection of ILA in group I, complete anes-
thesia could be achieved in 80/105 cases (76.19%). In 13/
105 cases (12.38%), the anesthesia was sufficient. In 11/
105 cases (10.48%), the anesthesia was insufficient, and
in one case (0.95%), there was no anesthetic effect. In
case of IANB, complete anesthesia could be achieved in
109/140 cases (77.86%). In 6/140 cases (4.29%) the an-
esthesia was assessed as sufficient. In 23/140 cases
(16.42%), anesthesia was insufficient, and in two cases
(1.43%), there was no anesthetic effect. In group II, com-
plete anesthesia could be achieved in 23/28 cases
(82.14%) of ILA. In 5/28 cases (17.86%), anesthesia

was sufficient. After IANB, complete anesthesia could
be achieved in 23/28 cases (82.14%). In 2/28 cases
(7.14%), the patients assessed anesthesia as sufficient,
and in 3/28 cases (10.72%), the anesthesia was insuffi-
cient. Accordingly, the success rate of ILA in extraction
of mandibular posterior teeth was 88.6% after just one
injection (100% in group II); this rate increased to 99%
after the second injection. IANB, however, had a success
rate of 82.2% after the first injection (89.3% in group II),
and 98.6% after the second injection (100% in group II).
The difference between the success rates of ILA and
IANB after the first injection was statistically not signif-
icant. Even so, in group I a slight superiority of IANB
could be suggested (group I p = 0.082 and group II
p = 0.236; Fig. 3).

Secondary objectives

Latency time of anesthesia

The latency between the injection of the local anesthetic and
the onset of the anesthetic effect was significantly shorter after
ILA (mean 0.22 ± 0.6 min; 0.32 ± 0.7 in group II) than after
IANB (mean 3.3 ± 1.9; 4 ± 2.8 min in group II; all p < 0.001).

Amount of used anesthetic solution

The mean amount of local anesthetic solution used was sub-
stantially less in the cases of ILA 0.35 ± 0.2 ml (0.36 ± 0.1 ml
in group II) when compared with IANB 2.08 ± 0.3 ml
(2.08 ± 0.2 ml in group II; all p < 0.001).

Fig. 2 Boxplots showing the results for ILA and IANB in terms of injection pain (VAS), unpleaseant treatment (VAS), and pain during treatment (VAS)
for groups I and II
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Duration of treatment

The mean duration of treatment under ILAwas 5.6 ± 5.4 min
in group I and 4.8 ± 4.2 min in group II. The mean duration of
treatment under IANB was 10.7 ± 6.9 min (8.6 ± 5.5 in group
II). The treatments under ILA were significantly shorter than
those under IANB in both evaluation groups (p < 0.001 and
p = 0.007).

Duration of local numbness

The mean durat ion of sof t t issue numbness was
47.7 ± 33.5 min for ILA (46 ± 16.4 in group II) and
228.6 ± 53.4 min for IANB (244 ± 59.6 in group II). The
duration of soft tissue numbness after IANB was statistically
significantly longer than that after ILA (all p < 0.001) and
exceeded by far the average time required for tooth extraction.

Adverse effects

Impaired wound healing (dry socket) was observed in six
cases (5.7%) after ILA and in three cases (2.1%) after
IANB. A comparison of the frequency of occurrence of im-
paired wound healing after ILA and IANB showed no statis-
tically significant difference (p = 0.178). No case of clinically
relevant bacteremia was observed in this study.

Discussion

In this prospective, randomized, comparative clinical study,
the efficacy of ILA for extraction ofmandibular posterior teeth
was compared to IANB in a clinical routine setting. The re-
sults obtained in this study indicate that ILA—here using
Ultraject® syringe—is at least as efficient as IANB for this
indication. The sample size in this study is comparable to—if

not more than—that of similar studies comparing techniques
and solutions in dental local anesthesia [2, 10, 11]. The entire
study was performed by only one dentist allowing the influ-
ence of the dentists´ variables to be minimized. As stated
previously, in evaluation group II, the study was designed as
a split-mouth technique. Here, instead of having different pa-
tients for each anesthetic technique, the same patients received
both ILA and IANB. Hence, the influence of the patients’
variables on the results could beminimized as well. A numeric
rating scale (NRS) consisting of 11 points (0 = no pain; 10
extreme pain) was used as a pain measuring method. The
patient selected a number from 0 to 10 that best reflected the
intensity of pain he/she felt. Although this method can be
affected by fear and expectation of pain by the patient, it is
the most reliable and commonly used method [2, 12].

The injections in cases of ILAwere significantly less pain-
ful to the patients than those in cases of IANB in both evalu-
ation groups. This result is in accordance with that in previous
studies and a systematic review [6, 13, 14]. However, it differs
from that reported by Dumbrigue et al. [11], who found that
ILAwas more painful than IANB. However, in their statistical
analyses, these authors did not take each extracted tooth as an
independent sample, but considered the total number of pa-
tients. As in some patients more than one tooth was extracted
under ILA, multiple intraligamental injections were required
in the same quadrant. This may account for the observed
greater patient discomfort during injections associated with
ILA. In addition, the sample size in the respective study was
small (16 patients, 45 teeth). Hence, the results of this work
should be taken with caution and reservation.

The study at hand showed that ILA had practically no la-
tency time. This result corresponds to that obtained in a sys-
tematic review [6]. In the study at hand, latency time was
determined through testing the anesthetic effect on the gingiva
at regular time intervals using a sharp dental probe. Of course,
electric pulp testing would have given more objective

Fig. 3 Bar charts showing the
number in case of complete,
sufficient, and insufficient
injections as well as injections
without success for ILA and
IANB for groups I and II
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fundamental information in regard of the pulp anesthesia [2].
Therefore, the used methods for subjective evaluation of gin-
gival anesthesia should be considered to be a possible bias of
this study. In addition, the results of this study refer to anes-
thesia for extraction purposes and not for pulpal anesthesia,
for example, for endodontic procedures.

In both evaluation groups, the total durations of treatments,
measured from the time of injections until the end of the ex-
traction procedures, were significantly longer in the cases of
IANB. This was especially due to the longer latency time of
anesthesia after IANB. With an average treatment time of
10.70 min and an average latency time of 3.32 min, 31% of
the total treatment time was required for waiting for the anes-
thetic effect of IANB. Only in the remaining 69% of the time
did extraction procedures take place.

Regarding the volume of injected anesthetic solution, a sig-
nificantly higher amount of local anesthetic solution was re-
quired for IANB. This fact is technique immanent and, of
course, coincides with that reported by other authors [6]. In
regard to the pain experienced by the patients during the ex-
traction procedure and the unpleasantness of the entire treat-
ment, no statistically significant differences between ILA and
the IANB could be found in this study. Success of local anes-
thesia was stated when teeth could be extracted without or with
mild but tolerable pain and discomfort. In group I, an initial
success rate of 88.6% in case of ILA (99% after second injec-
tions) and 82.14% in case of IANB (98.6% after second injec-
tions) could be achieved. Even if not statistically significant, a
slightly better initial success rate for IANB could be suggested.
The initial success rate in group II was 100% for ILA and 89.3
(100% after second injections) for IANB. Some authors report-
ed a higher success rate with ILA for dental extraction [3, 15],
whereas others achieved a lower success rate [11, 16].

The duration of soft tissue anesthesia after IANB is—tech-
nique immanent—significantly longer than that after ILA. For
simple extractions, this was unnecessarily long and had no
reasonable ratio to the treatment time. In accordance, for
IANB, the average duration of treatment was 10.7 min where-
as the average duration of soft tissue anesthesia was
228.6 min. This means that only 4.7% of the total duration
of anesthesia was used for the actual treatment. In conse-
quence, the patients remained limited in their dispositions
for hours after the end of treatment.

Expected was an increase in the occurrence of dry socket
after ILA as the local anesthetic solution with its vasoconstric-
tor content is injected in the direct vicinity of the extraction site,
which could impair the building of blood coagulum necessary
for the wound healing. In addition, epinephrine and other va-
soactive agents possess fibrinolytic activity [17]. However, im-
paired wound healing (dry socket) was observed in six cases
(4.5%) after ILA and in four cases (2.4%) after IANB only. In
accordance, there was no significant difference between ILA
and IANB in regard to the frequency of occurrence of dry

socket. This result coincides with others. Tsirlis et al. [18] ob-
served dry socket in six cases (4.3%) after 139 dental extrac-
tions with ILA and in five cases (3%) after 166 extractions with
IANB using 2% lidocaine with 1:80.000 epinephrine as a local
anesthetic. In this present study, 4% articaine with 1:200,000
adrenaline was also the local anesthetic used for both anesthetic
techniques. We assumed that the amounts of adrenaline admin-
istered during ILA are very small and do not contribute consid-
erably to the production of dry sockets.

Since a large proportion of the data analyzed in this study
were obtained from the patients’ own answers of questions
concerning the study parameters, the data are not completely
objective as they reflect individual, personal assessments. Pain
threshold and its tolerance may vary in individual patients,
and the perception of pain can be modified by psychological,
social, and situational factors. For this reason, it must be rec-
ognized that there are inherent limitations in conclusions that
may be drawn from a study thus designed.

Conclusion

Within the limitations of this study, it can be concluded that
ILA fulfills the requirements of a substantially complete and
patient-friendly primary local anesthetic technique. In accor-
dance, it represents a safe and reliable alternative to IANB for
extraction of mandibular posterior teeth. Taking into account
the potential complications of the inferior alveolar nerve
block, ILA should especially be considered as a preferred
anesthetic technique for single tooth extraction in the posterior
mandible. IANB should be restricted to more extensive dental
treatment measures.
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