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Abstract
Aim: The first aim of this study was to evaluate the healing outcome after periapical surgery performed using an
ultrasonic cleaning technique in conjunction with the use of either Intermediate Restorative Material (IRM) or mineral
trioxide aggregate (MTA) as a retrograde root-end seal in teeth with apical periodontitis. A second aim was to
determine if the type of coronal restoration had any impact on the healing outcome.
Methodology: One hundred eighty-six consecutive teeth in 177 patients referred for periapical surgery were
randomly allocated into two parallel groups, receiving either IRM or MTA as a retrograde root-end seal. The patients
were reviewed 12 months after surgery. Fisher's exact test and Z-test analysis were performed.
Results: One hundred sixty-six teeth in 158 patients were reviewed 12 months after surgery. Radiological
evaluation and clinical examination revealed an 86% success rate for the IRM group and 85% for the MTA group.
There was no statistically significant difference (p=0.829) between the two groups regarding the healing outcome
(Fisher's test). The type of coronal restoration (p=0.575) had no impact on the healing outcome (Z-test).
Conclusions: The tested materials, IRM and MTA, are both suitable as retrograde root-end filling materials in
conjunction with an ultrasonic root-end preparation technique according to the results at the 12-month follow-up. The
results of this study also show that the type of coronal restoration had no impact on the healing outcome following
periapical surgery.

Keywords: Coronal restoration; IRM; MTA; Periapical surgery;
Ultrasonic

Introduction
Teeth with previous conventional endodontic root-canal treatment
may present persistent symptomatic or asymptomatic apical
periodontitis [1]. Such teeth could be a subject to periapical surgery
using a modern technique [2] with an expected good outcome [3-7].
However, uninstrumented teeth with a need of conventional
endodontic treatment can also benefit from such a surgical procedure
[8]. In a long-term perspective the orthograde retreatment of the root
filling offers a more favorable outcome, 83% versus 72% for periapical
surgery after 4-6 years [9]. In contrast to that a meta-analysis from
Kang et al. revealed a significantly higher success rate for periapical
surgery in a short term perspective (less than 4 years) compared to
orthograde retreatment, whereas no significant difference could be
detected after more than 4 years [10]. Another study has reported a
success rate of 62% when performing a revision procedure [11]. In
many cases, a prosthetic crown or post has to be removed before the
retreatment of the orthograde root filling can be performed and this
procedure can involve the risk of causing a root fracture. In such cases
periapical surgery is the best treatment alternative. The retrograde
obturation of the root canal is a vital part of the periapical procedure
[12]. The filling of the apical part of the root canal aims to seal the
canal in order to stop leaking of bacterial contents causing the
periapical lesion. Suggested requirements for a retrograde root-filling
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material are, in addition to sufficient apical obturation, it should be
nontoxic, non-resorbable, stable, and biocompatible [13]. In previous
studies, different types of retrograde sealing materials have been used
[3-5,14-18]. IRM and MTA are commonly used materials today and
both have been reported to produce a favorable treatment outcome
[19]. The response of the periapical tissue to retrograde fillings in IRM
and MTA is also favourable [20]. IRM (DENTSPLY International Inc.)
is reinforced zinc-oxide eugenol cement. MTA was invented and
developed at Loma Linda University, California by Torabinejad and coworkers [21]. The material’s physical and chemical properties, sealing
ability, and tissue reaction have been thoroughly investigated both
experimentally and clinically [22-25]. MTA has been shown to produce
new root cementum formation on its surface, which is unique to this
material [20,26,27]. The primary aim of this clinical study was to
evaluate if there is a difference in the healing outcome using IRM or
MTA as retrograde root-end fillings in a well-documented surgical
procedure protocol. Secondly, the aim was to assess the influence of the
type of coronal restoration on treatment outcome.

Materials and Methods
The study was designed as a single-center randomized clinical study
with parallel groups. The study was carried out between January 2009
and December 2010, at the Oral and Maxillofacial Surgery
Department, Hospital of Halland, Halmstad, Sweden. One hundred
eighty-six consecutive teeth in 177 patients (86 women and 91 men)
with clinical or radiographic signs of periapical periodontitis, referred
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for periapical surgery, living 40 kilometres from the Hospital, were
included in the study. All patients were invited to participate in the
trial at the time prior to surgery and received verbal and written
information about the study, as well as their right to end their
participation at any time. The patients were given a free-of-charge 1year follow-up. No financial compensation was given to the patients.
Teeth with advanced periodontal disease (e.g. apical marginal
communications) or teeth diagnosed with root fractures were excluded
from the study. The quality of the persistent root-filling was not an
exclusion criterion to participate in the study, rather all teeth were
included. The included teeth were allocated into two groups receiving
either IRM (89 teeth) or MTA (97 teeth) as a retrograde root-end seal
was performed according to a standard randomization table (Figure 1).

n=number of teeth

IRM
followed
n=80

MTA
followed
n=86

DropDropouts IRM outs MTA
n=9
n=11

Number of Incisors
U=upper L=lower

U=14, L=3

U=10, L=3

U=0, L=0

U=2, L=1

Number of Canines

U=1, L=0

U=4, L=3

U=0, L=0

U=0, L=1

Number of Premolars

U=7, L=8

U=8, L=12

U=1, L=1

U=2, L=2

Number of Molars

U=19, L=28

U=21, L=25

U=1, L=6

U=2, L=2

Type of restoration
F=filling, C=crown

F=34, C=46

F=44, C=42

F=4, C=5

F=8, C=3

Number of affected/ I=23, II=20, I=30, II=21, I=1, II=2, I=4, II=5,
treated canals (I-IV)
III=30, IV=7 III=25, IV=10 III=4, IV=2 III=1, IV=1
Presence of root-canal
post
N=50
Cp=6
N=none
Scp=5
Cp=composite
Ca=19
Scp=screw-post
Ca=casted

N=59
Cp=4
Scp=5
Ca=17

N=5
Cp=2
Scp=1
Ca=1

N=8
Cp=1
Scp=1
Ca=1

Presence of pockets ≥
6 mm
N=3
N=number of teeth

N=4

N=0

N=2

Type of lesion
G=granuloma

G=71

G=81

G=8

G=11

C=cyst

C=9

C=5

C=1

C=0

1 ≤ 5 mm

1=28

1=32

1=2

1=3

2=5-9 mm

2=35

2=38

2=7

2=8

3 ≥ 9 mm

3=17

3=16

3=0

3=0

Y=yes

Y=47

Y=21

Y=9

Y=8

N=no

N=33

N=65

N=0

N=3

C=complete

C=17

C=14

C=4

C=0

U=uncompleted

U=26

U=33

U=2

U=4

S=shortage

S=34

S=35

S=3

S=5

O=over-filled

O=3

O=4

O=0

O=2

S=sufficient

S=66

S=74

S=7

S=10

I=insufficient

I=14

I=12

I=2

I=1

Lesion size

Figure 1: Flow chart diagram.

Preoperative examination
A radiographic and clinical examination was performed
preoperatively. The radiographic examination included 2-3 intraoral
periapical radiographs taken using a paralleling technique in different
horizontal angulations. Upper molars were mostly depicted with 2-3
radiographs. Processing was performed using a Durr-Dental machine,
Germany. The results from the clinical examination were noted in the
pre- and perioperative protocol. All included teeth were evaluated
regarding the quality of the orthograde root filling as judged from the
radiographs. The pre- and perioperative protocol contained baseline
data variables according to Table 1.

Surgical procedure
Two surgeons independently performed all surgical procedures
using operating loupes with 2.3X or 4.2X magnification. The operating
field was anaesthetized with 3.6-5.4 ml, 2% lidocaine with adrenaline,
both as infiltration and/or as an ID nerve block depending on the
region treated. A full-thickness mucoperiosteal buccal flap was raised
at the affected tooth. In order to expose the affected root, an osteotomy
of the periapical area was performed using a carbon round-bur with a
speed of 40000 rpm.
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Buccal bone present

Quality of the orthograde root-filling

Perioperative
haemostasis

Table 1: Baseline data follow-ups and drop-outs
The granuloma or cyst was removed from the periapical area
followed by a 3-4 mm slightly oblique resection of the root with a
fissure bur. A root-end cavity preparation with a depth of 3 mm into
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the root canal was performed with an ultrasonic device (Sybron Endo,
EMS) and diamond-coated retrotips (EndoMark). The osteotomies,
apicectomies and the ultrasonic preparation were carried out under
constant saline irrigation. A gauze soaked with 1% adrenaline was
packed into the cavity for 2-3 minutes to achieve hemostasis in the
operating field. Endodontic paper points soaked with 70% alcohol was
used to dry and clean the canal. The prepared canals were then filled
with either handspatulated ( IRMDentsPly ® ) or (MTAAngelus ®,
Londrina, PR, Brazil). The flap was sutured with Vicryl® 4-0 sutures.
Two to three intraoral radiographs were taken immediately after the
operation.

IRM group
Of the 80 teeth in the IRM group, the radiological assessment placed
63 teeth in group 1 (Figure 2), complete healing; 10 teeth in group 2
(Figure 3), incomplete healing (scar tissue); 6 teeth in group 3,
uncertain healing (Figure 4) and 1 tooth in group 4, unsatisfactory
healing. Following the final clinical and radiological examination a
total of 11 failures were recognized. The success and failure rates were
calculated on 80 teeth with success in 69 teeth (86. 3%) and 11 failures
(13.7%), (Table 3).
IRM (n=80)

MTA (n=86)

Clinical and radiographic evaluation

success

failure

success

failure

After 12 months (range 12-25 months, average 14 months) a clinical
and a radiographic examination were performed. The clinical reviews
of the patients were performed by one of three independent surgeons
in accordance with a study protocol. If clinical findings such as
tenderness on percussion, tenderness on palpation of the crown or/and
in the apical area, gingival swelling, presence of a fistula or an apicomarginal communication were present the treatment was recorded as a
failure. The two operating surgeons and a maxillofacial radiologist
reviewed all radiographs independently. The X-ray evaluation was
performed in a light room with ambient lightning using a light-box
(Lysta, Ultra Luna, Denmark) and a Matsson viewer (binoculars) with
2X magnification. If there was any disagreement about the findings, a
joint discussion followed. Measurements and classifications according
to previously reported models for evaluating healing after periapical
surgery [28,29] were performed. The following four classifications were
used: 1) complete healing 2) incomplete healing (scar tissue) 3)
uncertain healing and 4) unsatisfactory healing. Group 1 and 2 were
considered as successes and group 3 and 4 as failures. The second
group, incomplete healing (scar tissue), can according to Molven et al.
be regarded as a success at the 1-year follow-up [30] if there are no
clinical or radiographic findings indicating a remaining infection.
Success and failure rates for the two filling materials, the healing
outcome from different areas in the mouth and the possible influence
on outcome of the coronal restoration were analyzed.

n (%)

n (%)

n (%)

n (%)

Incisor Upper

12 (85.7)

2 (14.3)

6 (60)

4 (40)

0.192

Lower

3 (100)

0

3 (100)

0

1.000

Canine Upper

1 (100)

0

2 (50)

2 (50)

1.000

Lower

0

0

3 (100)

0

1.000

Premol Upper

6 (85.7)

1 (14.3)

7 (87.5)

1 (12.5)

1.000

Lower

7 (87.5)

1 (12.5)

12 (100)

0

0.400

Molar Upper

17 (89.5)

2 (10.5)

16 (76.2)

5 (23.8)

0.412

Lower

23 (82.1)

5 (17.9)

24 (96)

1 (4)

0.196

Total

69 (86.2)

11 (13.8)

73 (84.9)

13 (15.1)

0.829

p-value
(p=0.05)

Table 3: Outcome for different types of teeth in the maxilla and
mandible in both material groups and statistical result of the difference
in healing between the two material groups

Results
One hundred sixty-six teeth (80 IRM and 86 MTA) in 158 patients
were assessed at the follow-up visit. Nineteen patients with 20 teeth (9
IRM and 11 MTA), dropped out (Table 2).
Reason

n

Death

1

Moved

1

Did not attend review appointment

5

Extracted due to root-fracture

7

Extracted due to periodontitis

1

Extracted due to unknown reason

1

Patient declined participation

3

Total

19

Figure 2: Tooth 36 with affected mesial and distal roots in a 58-year
old woman treated with MTA: (A) preoperative, (B) postoperative
and (C) at follow-up showing complete healing (group 1).

Table 2: Distribution of reasons for the drop-out patients
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and no teeth in group 4, unsatisfactory healing. Following the clinical
and radiological examination results there were a total of 13 failures.
The success and failure rates were calculated on 86 teeth with success
in 73 teeth (84.9%) and 13 failures (15.1%) (Table 3).

Overall treatment results
The distribution of success and failure among different types of
teeth, retrograde material, and upper and lower jaw are presented in
Table 3.

Distribution of teeth according to coronal restoration
The distribution of the teeth according to the type of coronal
restoration, filling, or crown is presented in Table 4. The influence from
the type of coronal restoration on the treatment outcome was
statistically analysed.
Type
restoration

of

Outcome

IRM (n)

MTA (n)

Total (n)

success

36

38

74

failure

10

4

14

success

33

35

68

failure

1

9

10

80

86

166

Crown

Filling

Figure 3: Tooth 12 in a 25-year old man treated with IRM: (A)
preoperative, (B) postoperative and (C) at follow-up showing
incomplete healing (scar tissue; group 2).

Table 4: Distribution of teeth and success rates with respect to the type
of coronal restoration

Statistical analysis
Fisher´s exact test was used for a statistical analysis regarding the
differences in healing between the retrograde materials. When
comparing all teeth together, there was no statistically significant
difference between the two groups (IRM and MTA) regarding the
healing outcome, p=0,829. There was also no significant difference in
the healing outcome between the material groups when examining the
results for maxillary and mandibular teeth separately (Table 3).
There was no statistically significant difference regarding the impact
of the type of coronal restoration on healing outcome. This analysis
was performed with a Z-test with CI=95%: p=0.575.

Discussion

Figure 4: Tooth 36 in a 56-year old woman treated with IRM: (A)
preoperative, (B) postoperative and (C) at follow-up showing
uncertain healing (group 3).

MTA group
Of the 86 teeth in the MTA group the radiological assessment
placed 77 teeth in group 1, complete healing; 7 teeth in group 2,
incomplete healing (scar tissue); 2 teeth in group 3, uncertain healing
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Considering the entry protocol for the patients included, the
treatment results presented in this paper must be regarded as good. No
preoperative exclusion of teeth with doubtful root-filling status
evaluated on two-dimensional radiographs was performed. Only teeth
with obvious root fractures or advanced periodontal tissue loss i.e.
apico-marginal communications were excluded. The surgical protocol
of the study included a modern retrograde cleaning technique with
ultrasonic preparation, which has been shown to have significantly
better outcome results than the use of a traditional round-bur
technique [6,31]. The overall outcome of the study revealed no
significant difference between IRM and MTA which is in line with
other reported studies [3,7]. IRM has been used as a retrograde rootend filling material before MTA which was invented in the early 1990s
[21]. The high powder/liquid ratio when mixing the IRM material
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gives a high physical strength and a considerably easier manipulation.
As a retrograde filling material, IRM has been reported to have good
long-term follow-up results. In both a 10-year retrospective study [14]
and a prospective study with a 12-month follow-up [5] the success rate
was reported to be 91%. These results and the fact that IRM is easy to
handle make it a good sealing alternative. The results of the present
study should be compared to the outcome of a similar study by Chong
et al. with respect to the materials tested and the prospective study
design [3]. Their study reported a success rate of 92% for MTA and
87% for IRM at a 24-month follow-up, which is slightly higher than the
present study. There are two main differences in the study protocols.
The first concerns the type of teeth included in studies. Chong et al.
only treated single-rooted teeth, one premolar or the mesio-buccal root
of the maxillary molar. That distinction was not made in the present
study where all types of teeth were included. The majority of the
included teeth were molars (Table 1), which might explain the slightly
lower success rates. The second difference is the assessment of the
quality of the root filling as judged from the preoperative radiographs.
The study by Chong et al. did not allow for any radiolucency along the
root filling whilst the present study protocol allowed for the inclusion
of all types of radiographic appearance. Support for this inclusion
criterion can be obtained from a previous report, which concluded that
the pre-operative root-filling status judged from a two-dimensional
radiograph has no significant influence on the healing outcome after
periapical surgery [5]. However, there is a study reporting a better
outcome after periapical surgery on teeth with dense orthograde root
fillings positioned 2 mm or less from the apex [32]. The importance of
performing a periapical root-end seal together with the root-end
resection, especially in teeth with insufficient orthograde root-fillings
has previously been stated [33]. There is a significant difference in the
treatment outcome between the option of performing only a root-end
resection followed by a smoothening of the gutta-percha surface and
the option of preparing the root canal with an ultrasonic technique
followed by a retrograde root-end seal with MTA [34]. The latter
procedure has a more favorable outcome, 96% versus 52% success rate.
The present paper recorded the type of coronal restoration
preoperatively (Table 1), but no significant influence on the healing
outcome could be detected. This can be compared to conventional
endodontic treatment, where the outcome is dependent on the
subsequent coronal restoration. Teeth with temporary fillings that have
previously been treated endodontically are also more often lost than
teeth treated with permanent coronal restorations (cast restorations,
amalgam and composite) [35]. It has also been suggested that a
permanent restoration should be performed as soon as possible after
completing a conventional endodontic treatment [36]. The 5-year
survival of endodontically treated molars is 36% when not covered
with a crown restoration. The extent of remaining tooth substance
seems to affect the survival rate of endodontically treated teeth without
crown restorations [37].

Ethical Approval
The study was approved by the human ethical committee Dnr
173/2005, at the University of Lund, Sweden and was conducted
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