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Abstract

The new Apexum procedure (Apexum Ltd, Or-Yehuda,
Israel) is based on a minimally invasive removal of
periapical chronically inflamed tissues through a root
canal access. Its goal is to enhance healing kinetics of
periapical lesions. This clinical study was conducted to
explore the safety and efficacy of this procedure. The
Apexum procedure was applied, as a supplementary
step, during conventional root canal treatment in 48
teeth with periapical lesions. Safety and efficacy were
clinically and radiographically assessed and teeth of the
Apexum-treated group were compared with 39 similar
teeth treated by the same endodontic procedure with
no additional intervention. No adverse events occurred
in either the Apexum-treated or conventional treatment
groups. Furthermore, healing kinetics was significantly
enhanced in the Apexum-treated group (p � 0.005). At
3 and 6 months, 87% and 95% of the lesions in the
Apexum-treated group, respectively, presented ad-
vanced or complete healing, whereas only 22% and
39% of the lesions in the conventional treatment group
presented this degree of healing at 3 and 6 months,
respectively. (J Endod 2009;35:153–159)
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Lesions of apical periodontitis represent an inflammatory response to bacterial in-
fection of the root canal. Periapical radiolucency is the most pronounced clinical

hallmark of these lesions. Most, but not all, periapical lesions will heal in response to
properly performed endodontic treatment (1–3). However, an evidence-based estima-
tion to assess the healing potential cannot be performed before 12 months after surgery
(1, 2).

In an extensive study, Ørstavik concluded that (1) at 6 months, only 50% of the
cases that will eventually heal show clear signs of healing (advanced and complete
healing), and (2) at 12 months, 88% of the lesions that will eventually heal show clear
signs of healing (1). This may imply that a case should ideally be followed for 12 months
before the tooth may be considered a safe abutment (2).

Such a time schedule is difficult to follow in everyday clinical practice because both
the dentist and patient are eager to finish the case with a permanent restoration as soon
as possible. Consequently, this essential evidence-based information is not often clini-
cally applied. Permanent restoration of the treated tooth as soon as possible is consid-
ered an unavoidable and thus acceptable practice. This approach will result in a certain
percentage of endodontic failures in these recently restored endodontically treated
teeth. Therefore, treatment protocols that may allow early determination of the healing
potential of periapical lesions may be of a clinical advantage.

The prolonged healing process of many periapical lesions has been attributed to
the activated macrophages in the lesion that may maintain their state of activation long
after the initial cause of their activation has been eliminated by root canal treatment;
namely, the activation state may outlive its useful purpose and become a burden by
inhibiting resolution of the lesion (4, 5). The production of bone-resorbing cytokines
by these cells may persist for many months after the completion of the root canal
treatment, thus preventing resolution of the periapical bone defects (5).

The healing of similar lesions after apical surgery is much faster. Kvist and Reit (6)
have shown that surgically treated lesions of apical periodontitis healed during the first
12 months with significantly enhanced kinetics compared with those treated with non-
surgical retreatment. This was true even though both groups had similar healing rates
over longer time periods. Fast healing of periapical lesions after apical surgery is a
common clinical observation. These observations may indicate that surgical removal of
the chronically inflamed periapical tissue may allow a fresh blood clot to form, which
will then organize into an uncommitted granulation tissue and allows for faster healing
(4, 5).

Performing apical surgery on every case with a periapical lesion will most likely
enhance healing kinetics. Nevertheless, it can hardly be justified because surgery has
repercussions for the well-being of the patient; swelling, pain, and discomfort are
among the expected side effects (7). Furthermore, many anatomic locations preclude
apical surgery either because of inaccessibility or risk to adjacent structures. In accor-
dance, the American Association of Endodontists recommends performing apical sur-
gery only in cases that cannot be treated otherwise (8).

Recently, a novel method was introduced that allows for the removal or debulking
of periapical tissues without using scalpels, periosteal elevators, or sutures (5). This
method is based on a device that removes the chronically inflamed periapical tissues
through a root canal access by a procedure that is minimally invasive compared with
open-flap apical surgery. The new technology (Apexum Ablator; Apexum Ltd, Or-
Yehuda, Israel) has the possibility of providing some of the benefits of apical surgery
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without the drawbacks of the conventional surgical procedure. This
technological advancement may allow for the application of such a
protocol in many apical periodontitis cases in which healing time is a
critical factor.

Recently, preliminary animal trials of this procedure resulted in
encouraging results in terms of both safety and efficacy of the procedure
(9). The present study was conducted to clinically test the new Apexum
procedure as a supplementary stage to conventional root canal treat-
ment. It was aimed to assess the safety of the new procedure as well as
to assess its efficacy in enhancing the healing kinetics of periapical
lesions in humans.

Materials and Methods

Study Design

The study was designed as a prospective, multicenter, single-
blinded, and randomized controlled superiority trial. It compared con-
ventional endodontic treatment with a similar procedure supplemented
by the Apexum procedure.

Patients

The patient population consisted of 87 healthy individuals referred
for endodontic treatment in three dental clinics located in Bucharest
and Timisoara, Romania. Patient age was �18 years. Patients suffering
from uncontrolled hypertension, uncontrolled diabetes mellitus,
chronic renal failure, hematologic diseases, HIV, or osteoporosis
treated with biphosphonates were excluded. Exclusion criteria also in-
cluded steroid therapy in excess of 5 mg/d of prednisone, prior head
and neck irradiation therapy, and conditions that require bacterial en-
docarditis prophylaxis.

The study protocol was reviewed and approved by the Ethics Com-
mittee of the Ministry of Health of Romania and by the local Ethics
Committee of the participating clinics or the universities with which they
are affiliated. Each patient agreed to participate in the study and in its
follow-up and signed a detailed informed consent form.

Inclusion and Exclusion Criteria and Allocation of Teeth

Teeth selected for the study were single-rooted teeth with a single
root canal and a mature, fully formed apex. All teeth had a necrotic and
infected pulp with apical periodontitis, resulting in a radiolucent peri-
apical lesion of a 3- to 6-mm diameter. All lesions had a 4 or 5 score
when evaluated using the periapical index (10).

Teeth with previous root canal fillings, abnormal root canal anat-
omy, or any other reason that may prevent a common root canal treat-
ment were excluded. Teeth located in anatomic areas in which enucle-
ation of the periapical tissues may jeopardize nearby structures, such as
the mandibular nerve, the maxillary sinus, and so on were also ex-
cluded. Nonrestorable teeth, teeth with advanced periodontal disease,
and those with clinical evidence of a missing buccal bony plate over the
periapical defect were also excluded from this study.

Teeth were randomly allocated to Apexum-treated or conventional
treatment groups. Randomization was done by opening sealed enve-
lopes with an assignment to either Apexum-treated or conventional
treatment groups and resulted in an approximately 1:1 ratio between
the groups. When more than one tooth was in the same patient, ran-
domization was done by assigning the right or more mesial tooth to the
conventional treatment group, whereas the left or more distal tooth was
allocated to the Apexum-treated group.

The Apexum Devices

The Apexum kit consists of two devices, the Apexum NiTi Ablator
and Apexum PGA Ablator, designed to be used sequentially (Fig. 1).
Both instruments are for single use and were provided by Apexum Ltd.

The Apexum NiTi Ablator consists of a specially preshaped Nitinol
wire. One end is bent and is designed to enter the periapical tissues
through the root canal and apical foramen, whereas the other end has a
latch-type connector to allow its operation by a low-speed contra-angle
handpiece. The bent part is initially concealed in a straight super elastic
Nitinol tube that serves as a sheath allowing its introduction up to the
apical foramen (Fig. 1A). When pushed, the wire emerges from its
sheath and through the apical foramen and resumes its preshaped form
(Fig. 1B, C). The special retrograde design of the bent part allows it to
rotate in the periapical soft tissues at 200 to 250 rpm and coarsely grind
them while being deflected from the surrounding bone (Fig. 1C). The
Nitinol sheath is used first to allow the introduction of the prebent
Nitinol wire to the apical foramen and second to allow unobstructed
rotation of the wire in the root canal without twisting of the wire.

The second device is the Apexum PGA Ablator, built from a Nitinol
shaft, equipped on one end with a latch-type connector to allow its
operation by a low-speed contra-angle handpiece (Fig. 1D). At the other
end, a bioabsorbable filament is attached, which is designed to enter the
periapical bony crypt and rotate at 5,000 to 7,000 rpm, turning the
tissue that was initially minced with the NiTi Ablator into a thin suspen-
sion that may be flushed through the root canal.

Conventional Treatment Group: Endodontic Procedure

Teeth in the conventional treatment group were subjected to a
common two-visit root canal treatment. In the first visit, the tooth was
isolated, all carious lesions or previous restorations removed, and the
crown restored using glass-ionomer cement. An access cavity was then
prepared, root canal located, and the root canal cleaned and shaped
using hand and nickel-titanium rotary files (ProFile; Maillefer, Bal-
laigues, Switzerland) with intermittent rinsing with 5.5% sodium hypo-
chlorite. Working length was established at 1 mm short of the biological
apex of the root as determined by using an apex locator (Root ZX,
Morita, Japan). Root canal preparation was carried out up to a #40
K-file, as a master apical file, with a #20 K-file repeatedly used to ensure
apical patency. Root canals were then dried with sterile paper points and
dressed with calcium hydroxide. A sterile cotton pellet was placed in the
pulp chamber, and the access cavity was sealed with a glass-ionomer ce-
ment temporary filling until the next visit. On the second visit, which took
place7 to24daysafter the first visit, the toothwaschecked forany symptoms
such as pain, sensitivity to percussion, or swelling. If such symptoms were
present, the first procedure was repeated and a third visit scheduled. When
the tooth was asymptomatic, the dressing was washed out with sodium
hypochlorite assisted with hand files. The root canal was checked for the
absence of suppuration or exudate, dried with sterile paper points, and
obturated using lateral condensation with AH-26 Plus (Dentsply De Trey,
Konstanz, Germany) and gutta-percha. The access cavity was sealed with a
glass-ionomer cement temporary filling followed by taking a post-operative
radiograph. Many of the teeth were permanently restored by the referring
dentists while in other cases the glass-ionomer temporary restoration was
kept through the observation period and its integrity checked when the
follow-up radiographs were taken.

Apexum-Treated Group: Conventional Endodontic Treatment

Supplemented With the Apexum Procedure

The treatment protocol in the Apexum-treated group was identical
to that of the conventional treatment group with the addition of the
Apexum procedure. More specifically, the first visit procedure was iden-

Clinical Research

154 Metzger et al. JOE — Volume 35, Number 2, February 2009



tical in both groups. In the second visit, an identical procedure was also
performed until the stage at which the root canal was ready for obtura-
tion.

At this stage, the Apexum procedure was performed. A #20 K-file
was passed through the apical foramen and beyond the apex to verify
patency. It was followed by a rotary #30 file (Profile .04, Maillefer) that
was passed 1 mm beyond the apical foramen, creating a passage with a
�330-�m diameter.

The Apexum NiTi Ablator was then inserted, while encased in its
sheath, to the working length as established at the cleaning and shaping
stage (first visit). The sheath was stabilized to the occlusal surface of the
tooth using glass-ionomer cement. The Nitinol filament was then pushed
manually through the enlarged apical foramen and into the periapical
tissues. The filament was first rotated manually to verify mobility with no
solid obstruction and then attached to a low-speed contra-angle hand-
piece. The NiTi Ablator was then rotated in the periapical tissues for 30
seconds at 200 to 250 rpm to initially mince the tissue (Fig. 2). The
stabilizing glass-ionomer cement was then removed and the NiTi Ablator
withdrawn from the root canal with its sheath to examine it for any
mechanical damage or missing parts. The root canal was rinsed with
sterile saline, and the Apexum PGA Ablator was manually inserted
through the root canal and into the periapical tissues. It was then con-
nected to a low-speed contra-angle handpiece and rotated for 30 sec-
onds at 5,000 to 7,000 rpm to turn the minced tissues into a thin
suspension. Next, it was withdrawn from the root and examined for any
mechanical damage or missing parts.

The tissue suspension was now washed out with sterile saline so-
lution by using a syringe adapted with a 30-G blunt needle. The needle
was passed through the enlarged apical foramen into the periapical
space, and the solution was slowly and gently injected to flush the tissue
suspension out. The cross-sectional area between the enlarged apical
foramen and the outer surface of the needle is 3.4 times larger than that
of the needle’s lumen. This facilitated an unobstructed backflow and
prevented pressure buildup in the periapical crypt. Nevertheless, spe-
cial attention was given to visually monitor the backflow of the blood red
suspension through the root canal continuously so that pressure
buildup did not occur in the periapical space. To allow for continuous
monitoring, aspiration was performed at a distance from the access
cavity so that the operator could visually evaluate the in- and outflow
rates. The suspension turned pale during the process, and the flushing
was stopped and the needle removed when clear solution appeared. The
root canal was then dried with sterile paper points and obturation

Figure 2. The Apexum NiTi Ablator in a periapical lesion. (A) The NiTi Apexum
Ablator fully extruded from its sheath (arrow) and into the periapical lesion.
(B) Root canal filling performed immediately after the Apexum procedure.

Figure 1. The Apexum devices. (A) The Apexum Ni-Ti Ablator in its sheath. (B) The
Apexum NiTi Ablator pushed in and extruded from its sheath (arrow). (C) An enlarged
view of the active part of the Apexum NiTi Ablator. (D) The Apexum PGA Ablator.
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conducted as in the conventional treatment group followed by a glass-
ionomer cement temporary filling and a postoperative radiograph. Res-
torations were performed as in the conventional treatment group.

The Apexum procedure was performed under local anesthesia,
provided in a manner similar to that used for tooth extraction or surgi-
cal intervention. With some experience, it took an additional 7 to 10
minutes compared with a conventional root canal treatment.

Radiographic Procedures

All radiographs were taken using a digital sensor (Schick Tech-
nologies, Long Island City, NY). Two periapical radiographs of each
tooth were taken, before, and immediately after the endodontic proce-
dure, with follow-up radiographs taken 3 and 6 months thereafter.

Clinical Follow-up

Each patient in both the Apexum-treated and conventional treat-
ment groups was instructed to record pain, swelling, or any other ad-
verse event that occurred after treatment and if he/she required any
analgesics or other medication after the endodontic procedure. Patients
were contacted by telephone a week after completion of the root canal
treatment and asked (1) if there was any discomfort or pain, (2)
whether analgesics were needed, (3) if there was swelling, and (4) if
there were any other postoperative events. At the 3- and 6-month fol-
low-up visits, the patient was questioned again, and the tooth and sur-
rounding tissues were clinically examined and the findings recorded.

The Evaluation of Results: Adverse Events

Adverse events were recorded and used to evaluate the safety of the
Apexum procedure as compared with conventional root canal treat-
ment. These included swelling, required antibiotics, or having an un-
scheduled appointment or any other events that occurred immediately
after the procedure or during the follow-up period.

Analgesics used after surgery with no unscheduled dental appoint-
ment were not considered as procedure-related adverse events because
some pain or discomfort are common after a routine root canal treat-
ment of cases with apical periodontitis, and these cases were monitored
and recorded separately. They also were used for comparison of the
Apexum protocol to conventional root canal treatment.

The Evaluation of Results: Radiographic Records

Radiographic follow-up was used to evaluate the efficacy of the
Apexum procedure compared with conventional root canal treatment.
The radiographic image of the periapical lesion was evaluated from a set
of radiographs.

Follow-up radiographs, taken at 3 and 6 months, were viewed
together and compared with those taken immediately after treatment.
The change in the radiographic image of the periapical lesion was
evaluated and defined. The following four categories (9) were used: (1)
“no healing,” no reduction in the size of the lesion or enlargement of the
lesion; (2) “minor healing,” a clear, but minor, decrease in the size of
the lesion; (3) “advanced healing,” a substantial decrease in the size of
the lesion but not a complete healing; and (4) “complete healing,” the
lesion disappeared completely. Some residual widening of the periapi-
cal periodontal ligament was also considered as complete healing.

Two reviewers were used, an oral-maxillofacial surgeon and an
endodontist. Each reviewer evaluated and scored each set of radio-
graphs independently. When both reviewers agreed, then the score was
registered. When disagreement occurred, then another reviewer (end-
odontist) was brought in and the issue was discussed to obtain an
agreed-on score. All reviewers were initially calibrated by evaluating
sets of similar radiographs and were blinded as to the group to which a
given tooth belonged.

The scores were later dichotomized (2, 9) so that “no healing” and
“minor healing” were considered together as “nonhealing,” whereas
the “significant healing” and “complete healing” were considered to-
gether as “healing.”

Sealer Extrusion

Sealer extrusion that occurred during root canal obturation was
blindly examined and evaluated from radiographs. Three categories
were used: (1) no sealer extrusion, (2) a small sealer puff (similar to
those encountered when patency was preserved throughout the end-
odontic procedure), and (3) large sealer puffs (bigger than those that
are common in the technique described earlier).

Statistical Analysis

The primary safety endpoint was treatment-related adverse events
(AEs). The secondary safety endpoint was the occurrence of pain that
required analgesic. The primary efficacy endpoint was healing at 6
months, defined dichotomously for each periapical lesion as “healing”
or “nonhealing.” The secondary efficacy endpoint was similarly to the
dichotomized healing scores at 3 months. Healing was also evaluated on
the full four-category healing scale, as described previously, at the 3-
and 6-month follow-up visits. A chi-square and Fisher exact test were
applied to test the significance of healing differences between the
Apexum-treated and conventional treatment groups at the 3- and
6-month follow-ups. All tests were two-tailed, and p values of 5% or less
were considered statistically significant. Data analysis was performed by
using SAS software, version 9.1 (SAS Institute, Cary, NC).

Results
Safety: AEs, Pain, and Mechanical Failures

Intraoperative AEs

The endodontic treatment per se was uneventful in all cases for
both groups. Periapical tissue removal using the Apexum protocol was
uneventful in all 48 cases in the Apexum-treated group (Table 1).

Postoperative AEs

Subjects were called within 7 days of the procedure; 46 of the 48
subjects in the Apexum-treated group and all 39 in the conventional
treatment group were available at this time point. No treatment-related
adverse events were recorded in either the Apexum-treated or the con-
ventional treatment groups (Table 1). More specifically, there was no
swelling and no need for an unscheduled dental appointment in any of
the patients.

Postoperative Pain

Some postoperative discomfort or pain within 2 to 3 days of treat-
ment was recorded in 31% of the cases treated by conventional end-
odontic treatment. When the Apexum procedure was applied, as a sup-
plementary step to conventional endodontic treatment, the occurrence
of postoperative discomfort or pain was reduced to 9% of the cases;
thus, the Apexum procedure was significantly less painful postopera-
tively than conventional root canal treatment (p � 0.05, Table 1).
Neither swelling nor severe pain were recorded for any of the cases
treated.

TABLE 1. AEs and Postoperative Pain

Apexum Procedure
Conventional Root
Canal Treatment

Intraprocedural AEs 0/48 0/39
Postoperative AEs 0/46 0/39
Postoperative pain 4/46 (8.7%) 12/39 (30.8%)
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Mechanical Failures

No mechanical failure occurred when applying either the Apexum
NiTi Ablator or the PGA Ablator in the Apexum-treated group. Each
device was only used one time in a total of 48 procedures during the
present study.

Efficacy

Of the 48 periapical lesions treated with the Apexum protocol, 46
were available for radiographic evaluation at 3 months and 42 at 6
months. Of the 39 periapical lesions treated by conventional endodontic
treatment, 37 were available for radiographic evaluation at 3 months
and 31 at 6 months.

Healing Rates at 3 Months

“Healing” (complete healing or advanced healing) at 3 months
was evident in 40 of 46 patients in the Apexum-treated group (87.0%)
compared with 8 of 37 (21.6%) in the conventional treatment group
(Fig. 3). Healing in the Apexum-treated group at 3 months occurred
with a significantly higher frequency than in the conventional treatment
group (p � 0.005).

Complete healing at 3 months (Table 2) was evident in 13 of 46
patients (28.3%) in the Apexum-treated group compared with 3 of 37
(8.1%) in the conventional treatment group. The occurrence of com-
plete healing in the Apexum group was significantly higher than in the
conventional treatment group (p � 0.005).

Healing at 6 Months

“Healing” at 6 months was evident in 40 of 42 patients in the
Apexum-treated group (95.2%) compared with 12 of 31 patients
(38.7%) in the conventional treatment group (Fig. 3). Healing in the

Apexum-treated group occurred with a significantly higher frequency at
6 months than in the conventional treatment group (p � 0.005).

Complete healing at 6 months was evident in 30 of 42 patients
(71.4%) in the Apexum-treated group compared with 2 of 31 patients
(6.5%) in the conventional treatment group (Table 2). Complete heal-
ing in the Apexum-treated group occurred with a significantly higher
frequency than in the conventional treatment group (p � 0.005). A
representative case from the Apexum group is presented in Figure 4. The
dichotomized healing results at 3 and 6 months are presented in Figure 3.

Sealer Extrusion and Its Effect

Sealer extrusion occurred in both groups. In the Apexum-treated
group, no puff was found in 54% of the cases, small puff in 34%, and
larger puffs in 12% of the cases. In the conventional treatment group, no
puffs appeared in 60% of the cases, small puff in 30%, and larger puffs
in 10% of the cases. The difference between the groups was not signif-
icant. Neither the small sealer puffs nor the bigger ones interfered with
healing of the lesions (Figure 5).

Discussion
The new Apexum procedure represents a shift from the current

endodontic paradigm. Foremost, it does not limit the endodontic inter-
vention only to removing the cause (bacteria) and then allowing the host
to heal at its own pace, and, furthermore, the device enters the peria-
pical lesion far beyond the apical foramen, a process expected by many
operators to result in a flare-up or severe symptoms (11, 12). There-
fore, a preliminary animal study was required before a clinical trial was
attempted. The application of the Apexum procedure for treatment of
induced periapical lesions in dogs resulted in no AEs, and the healing
results supported the hypothesis that the removal of periapical chroni-
cally inflamed tissues will enhance healing kinetics of the lesions (9).

In the present clinical trial, the Apexum procedure resulted in no
events of severe postoperative pain or postoperative swelling and in only
a few events of postoperative discomfort or mild pain (9%). None of the
patients who were subjected to this protocol reported any other adverse
events. This is of particular interest because conventional root canal
treatment resulted in some discomfort or pain for 31% of the cases. It is
also important to note that when a conventional, open-flap, apical sur-
gery is performed, many of the patients do experience pain, swelling, or
both and usually need analgesics in the days after surgery. Furthermore,
Kvist and Reit (7) found that 23% of the patients going through apical
surgery reported a loss of working days because of such postoperative
symptoms. The Apexum minimally invasive procedure seems to be gen-
tle on the patient’s well-being, with far less symptoms than conventional,
open-flap apical surgery and even conventional root canal treatment.

These results are rather surprising because the current paradigm
is that the insertion of an endodontic instrument far beyond the apical
foramen should be avoided by all means because it is likely to cause a
“flare-up,” a painful exacerbation of the periapical inflammatory pro-
cess (11, 12).

TABLE 2. Periapical Healing as Evaluated From a Radiographic Follow-up

Healing
Apexum Procedure Conventional Root Canal Treatment

3 Months 6 Months 3 Months 6 Months

Complete 13/46
87.0%

30/42
95.2%

3/37
21.6%

2/31
38.7%

Advanced 27/46 10/42 5/37 10/31
Minor 3/46

13.0%
0/42

4.8%
8/37

78.4%
8/31

61.3%
None 3/46 2/42 21/37 11/31

Figure 3. Healing in the Apexum and conventional treatment (control) groups;
dichotomized data.
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It should be noted that the Apexum procedure is substantially
different from simple overinstrumentation during root canal treatment.
The last traumatizes the tissue and may also introduce bacterial antigens
into a tissue containing immunoglobulins directed against these anti-
gens and that is primed to respond to them (5, 13, 14). When this
happens, acute inflammatory response with resulting edema is likely to
occur in the periapical tissue, resulting in a flare-up (5, 11, 12). Such a
flare-up did not appear in a single case of the 48 subjected to the
Apexum procedure. It is most likely that with the removal or major
debulking of the periapical chronically inflamed tissues, the mecha-
nisms that could otherwise lead to such a flare-up were also removed.
This may explain the quite uneventful postoperative clinical behavior.

Healing kinetics (the progress of healing with time), as judged
from follow-up radiographs, were enhanced in the group treated with
the Apexum procedure. At 3 months, 87% of the periapical lesions were
either completely healed or in advanced stages of healing, whereas in
the conventional treatment group only 22% showed such a trait. At 6
months, 95% of the lesions in the Apexum-treated group showed ad-
vanced or complete healing, whereas conventional root canal treatment

resulted with such progress in only 39% of the cases. Therefore, it may
be concluded that the Apexum protocol allows for a faster healing
process than that provided by conventional root canal treatment.

Healing at 6 months in the conventional treatment group was al-
most identical to that calculated from Ørstavik’s study (1). In his exten-
sive study, 50% of the cases that eventually healed showed clear signs of
healing at 6 months. Taking into consideration the long-term healing
rate of 75%, this results in 37.5% of the treated lesions that presented
clear signs of healing at 6 months compared with 39% in the conven-
tional treatment group in the present study.

Whether the Apexum procedure was able to remove all of the
periapical inflammatory tissue, as is usually attempted in conventional
apical surgery, is beyond the scope of the present study. Most likely, the
Apexum procedure removed all of this inflamed tissue in some lesions,
whereas major debulking occurred in others. In any case, the proce-
dure created conditions that allowed for faster healing of the lesions.
Because the term “removal” may be misinterpreted as “complete re-
moval,” the term “removal or debulking” was chosen to describe the
mechanical effect of the Apexum procedure on the periapical tissues.

Another potentially controversial issue is the widening of the apical
foramen to form a passage of a 330-�m diameter. The extent of root
canal preparation at its apical part has been the subject of much debate
(15–20). Many of the current nickel-titanium rotary file systems limit
the instrumentation at this area to diameters of 250 to 300 �m while
avoiding any preparation in the constriction of the apical foramen itself.
This is largely done because of technical considerations, to allow obtu-
ration with heat-softened gutta-percha methods that may otherwise re-
sult in the extrusion of material beyond the apex. Biological consider-
ations point otherwise (17–20). The apical constriction and the apical
foramen itself may harbor bacterial biofilms that may be left untouched
by the limited apical preparations (15). Furthermore, the natural di-
mensions of the apical part of the canal are frequently much wider than
250 to 300 �m (16). This recently led to suggesting larger apical
preparations and the use of hybrid techniques to achieve them (17–20).
The natural dimensions of the apical foramen itself may often reach
sizes of 350 or even 600 �m (21, 22). The foramen may become even
wider when apical resorption takes place, as is often encountered in

Figure 4. Healing of a periapical lesion after the Apexum procedure. (A) Immediate postoperative radiograph. (B) A follow-up radiograph at 3 months. (C) A
follow-up radiograph at 6 months.

Figure 5. Healing of a periapical lesion after the Apexum procedure. (A) The
immediately postoperative radiograph; note accidental major exrtusion of the
obturation material, a single case of its type in the whole study. Arrows indicate
the extent of the periapical lesion. (B) A follow-up radiograph at 2 months.
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roots with apical periodontitis, such as those treated in the present study
(23, 24). The similar patterns of sealer extrusion that were observed in
the present study may express this well-established phenomenon.

Considering all the previously mentioned items, enlarging the api-
cal foramen to a diameter of 330 �m, as required by the Apexum
procedure, probably does not result in a major change to its size in
many or even most cases of apical periodontitis.

Passing through the apical foramen with a #30 rotary file followed
by the repeated passage of the Apexum devices and the irrigation needle
may have yet another potential outcome. Bacterial biofilms that poten-
tially reside in this area may potentially remain undisturbed by the
current minimal apical intervention concept of many of the rotary nickel-
titanium file systems. The Apexum procedure is more likely to eliminate
them or at least mechanically disturb them to the extent of disrupting the
host-bacteria equilibrium in favor of the host. Such processes may have
also contributed to the enhanced healing observed in the present study.
Nevertheless, additional studies focusing on this specific issue will be
required before the contribution of this process to the total enhanced
healing may be estimated.

At the present stage, with a follow-up period of 6 months, it is too
early to predict if the final healing rate at 48 months (25) (as opposed
to healing kinetics) will also be affected, which is likely the case. It has
been well documented that 15% to 25% of periapical lesions fail to heal
in response to adequate endodontic treatment. Some of these failures
have been attributed to factors that are most likely to be affected by the
Apexum procedure, such as extraradicular infections or cystic forma-
tions within the periapical lesion. Nevertheless, evaluation of the healing
rate (as opposed to healing kinetics) will call for longer follow-up
periods and much larger groups of patients. Such studies will soon be in
progress. These may verify whether the healing rate of periapical lesions
can also be affected by the new Apexum procedure.

Conclusions
The Apexum procedure resulted in no adverse events. The Apexum

procedure resulted in significantly less postoperative discomfort or pain
than conventional root canal treatment or than that reported for con-
ventional apical surgery. The Apexum procedure resulted in a signifi-
cantly faster periapical healing as compared with conventional root
canal treatment (p � 0.005). The removal or debulking of the peria-
pical inflamed tissues, using the Apexum procedure, seems to enhance
healing kinetics with no adverse events.
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