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SUMMARY

Introduction/Objective The purpose of this study was to assess effectiveness of endodontic root canal
procedures in traumatized permanent teeth with necrotic pulps and chronic periapical lesions after
definitive obturation with mineral trioxide aggregate (MTA) products. Adobe Photoshop CS (San Jose,
CA, USA) image-analysis software was used for healing assessment.

Methods Twenty-seven traumatized single-rooted permanent teeth diagnosed with necrotic pulps and
chronic periapical lesions were treated with non-surgical procedure using a tri-antibiotic paste and calcium
hydroxide as intra-canal medication. Definitive obturation was performed with ProRoot MTA (Dentsply
Tulsa Dental Specialties, Tulsa, OK, USA) or MTA* Cerkamed (Cerkamed, Stalowa Wola, Poland). Control
follow-ups were done three, six, 12, and 24 months following the completion of treatment.

Results The positive clinical outcome was recorded in 24 (88.9%) cases, while radiographic success
was present in 26 (96.3%) cases. A statistically significant decrease in the sizes of periapical lesions was
consistently observed at follow-up periods (p < 0.001). There was no statistically significant difference
between the two tested MTA materials (p > 0.05).

Conclusion The MTA products were effective for the root canal obturation and appeared to contribute
to the significant reduction or complete regression of periapical lesions in teeth treated. The presented
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procedure may be proposed for everyday clinical practice.
Keywords: calcium hydroxide; chronic periapical lesions; dental injuries; MTA

INTRODUCTION

Traumatic tooth injuries are common in chil-
dren and adolescents [1]. Large numbers of
these injuries result in endodontic complica-
tions such as pulp inflammation, pulp necrosis,
root resorption, obliteration of the root canal
and development of periapical lesions [2]. Fail-
ure to comply with the recommendations of
International Association of Dental Traumatol-
ogy, with respect to clinical and radiographic
follow-ups of injured teeth for a longer period
of time, often results in a large number of un-
observed endodontic complications, unless ac-
companied by subjective symptoms, like swell-
ing or crown discoloration [3].

For decades, calcium hydroxide formula-
tions have been a material of choice in the
treatment of teeth with chronic periapical le-
sions because of their hygroscopic nature and
strong antimicrobial activity [4]. In addition to
their use as an inter-appointment intra-canal
medicament, they have been proposed for
pulp capping, pulp amputation, as well as in
the treatment of root perforations, resorptive
processes and fractured roots [4]. However, a

possible shortcoming of the use of calcium-
hydroxide product is the fact that its use lasts
over relatively long period of time; also, there
is a possibility of dentin weakening and sus-
ceptibility to root fracture [5]. Furthermore,
it places a demand on the clinician to place a
permanent type of restoration to prevent these
possible adverse outcomes.

In the early 1990s, mineral trioxide ag-
gregate (MTA) was presented as a material of
choice for surgical root-end fillings [6]. Pres-
ently, MTA in all its variants and commercial
products, is used in many endodontic and oral
surgical procedures with considerable success
[6, 7, 8]. MTA achieves good apical sealing, sets
even in the presence of moisture and exhibits
favorable biocompatibility and bioactivity [9,
10, 11]. Despite its use in various endodontic
procedures and apparent advantages of the
MTA when used as an apical plug, success in
the management of traumatized teeth with
chronic periapical lesions has minimal research
support [8, 12].

The aim of this study was to assess the ef-
fectiveness of endodontic root canal procedures
in traumatized permanent teeth with necrotic
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pulps and chronic periapical lesions, using tri-antibiotic
paste and definitive obturation with MTA products. Heal-
ing was assessed by using the Photoshop CS (Adobe, San
Jose, CA, USA) image-analysis software.

METHODS
Patients

The study involved 24 patients with a history of tooth
trauma, 11 males and 13 females (mean age 13.30 * 2.83),
who came to the University Clinic, between January 2011
and July 2013, due to spontaneous or provoked pain, dis-
comfort during chewing, numbness, or observed swelling.
Based on the patients” subjective symptoms, clinical ex-
amination, vitality testing and analysis of periapical radio-
graphs, acute exacerbation of necrotic pulp with chronic
apical periodontitis was diagnosed, and the need for root
canal treatment was determined.

Initially, during the patient screening process, periapical
surgical treatment was recommended for all of the patients
by their general dentist, and an oral surgery specialist also
confirmed this recommendation. Upon personal request
by the patients for a second opinion, an additional exami-
nation was conducted at the University Clinic.

Inclusion criteria for this study were healthy patients
with non-vital tooth with chronic periapical lesions with-
out root resorption, horizontal or vertical root fractures;
exclusion criteria were unrestorable tooth, horizontal or
vertical root fractures, and root resorption.

Attending parents were provided with a thorough writ-
ten explanation of proposed non-surgical root canal pro-
cedures, their limitations, possible complications, length
of the treatment, and observation period. Prior to the
patients’ participation in this study, written consent was
obtained from the parents. This study was approved by
the Ethics Committee and registered at the website www.
clinicaltrials.org (NCT02625298).

Root canal treatment

Root canal procedures were performed on 27 single-rooted
traumatized permanent teeth (18 with mature and nine
with immature root development). Following access open-
ing in each tooth, the root canals were gently debrided with
a crown-down manual technique using K-files (Dentsply,
Maillefer, Switzerland) according to the radiographically
determined working lengths. K-files were only used to re-
move the necrotic tissue and the softened predentinal layer
without excessive removal of mineralized dentin, as this
might further weaken already thin walls of the root canals,
especially those with immature apical development. Subse-
quently, reshaping of the canal system, followed by a minor
curettage of the periapical area through the canal using
barbed broaches, was made in order to partially destruct
the periapical lesion and provoke bleeding. Irrigation
was performed using 2% NaOCI (Chloraxid, Cerkamed,
Stalowa Wola, Poland), 0.2% solution of chlorhexidine-
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digluconate (Curasept 220, Curadent Swiss GmbH, Kriens,
Switzerland) and 40% citric acid solution. The canals were
then dried with sterile paper points and filled with calcium
hydroxide paste (UltraCal XS, Ultradent Products Inc.,
South Jordan, UT, USA), which was left in the root canals
for at least four weeks, with the maximum of six weeks
(UltraCal XS, Ultradent Products Inc., South Jordan, UT,
USA). Following this initial disinfection, triple-antibiotics
paste (consisting of 200 mg of ciprofloxacin, 500 mg of
metronidazole, and 100 mg of minocycline, with macrogol
ointment and propylene glycol as carriers) was placed into
the canal using a lentula, for a period of seven days. Subse-
quently, the apical thirds of the root canals were obturated
either with ProRoot MTA (Dentsply Tulsa Dental Special-
ties, Tulsa, OK, USA) or MTA" (Cerkamed) by forming an
apical plug 3-5 mm thick. The correct placement of the
apical plug was assessed radiographically, and the moist
cotton pellet was left in the root canal. The following day,
the remaining canal space was filled with a sealer (Ac-
roseal, Septodont, Saint-Maur des Frosses, France) and
gutta-percha points (Guttapercha, VDW GmbH, Munich,
Germany) using a lateral compaction technique. Coronal
parts of root canal systems were sealed using glass-ionomer
cement (Fuji IX, GC Int., Tokyo, Japan) with a minimum
thickness of 1.5-2 mm. Enamel and dentin conditioning
was performed with a self-etching adhesive system (GC G-
BOND, GC Int.) and restored using a composite material
(Gradia Direct, GC Int.) placed incrementally.

Clinical evaluation

Clinical evaluation of the performed endodontic treatment
was done according to data obtained from patients’ histo-
ries and clinical examinations. The positive clinical out-
come comprised the absence of spontaneous or provoked
pain, chewing without discomfort, absence of numbness or
tenderness to percussion and/or palpation, and absence of
tooth mobility, tooth crown discoloration or abscess, and/
or sinus tract formation.

Radiographic analysis

Radiological assessment of the outcomes was performed
according to the analysis of post treatment radiographs.
Periapical radiographs, used for the initial assessment
and diagnosis, were defined as the initial radiographs.
Further progress in radiographic examination followed
the procedures and requirements of the procedures ren-
dered; the post treatment radiographs, made after defini-
tive root canal obturation, were defined as the baseline
radiograph (0 m), while the following control radiographs
were secured at three, six, 12, and 24 months subsequent
to obturation. Uniformity in radiographic exposures was
provided with a silicone stabilizer for the purpose of po-
sitioning the X-ray tube. All radiographic images were
taken using a periapical film (Kodak, Carestream Health
Inc., Rochester, NY, USA) with a GE 1000 unit (General
Electric, Milwaukee, WI, USA) at 90 kVp, 10 mA, and 0.12
seconds exposure time. The exposed films were developed
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in an automatic processor (Dent-X 9000,
Dent-X Co., Elmsford, NY, USA) using
tive minutes of dry-to-dry time.
Radiographs were photographed using
a digital camera Kodak EasyShare Max
(Z990) with a millimeter measurer in or-
der to obtain the interpretation of sizes of
periapical lesions during the conversion of
pixels to mm? by digital data processing in
Adobe Photoshop CS 6 software. Before
the radiological assessment analysis, the
brightness of the images was enhanced
to facilitate observation of the periapical
radiolucency. Using a histogram scale, the
number of pixels for each lesion was noted
(Figure 1 a—d). As the surface area of the
image was known, and therefore the num-
ber of its pixels was also known, using the
proportion, the size of the lesion was mea-
sured in mm?®. Criteria for radiographic
assessment are presented in Table 1.

Table 1. Criteria for radiographic assessment

- Decrease in size of the periapical
lesion as compared with the
previous radiograph

- Measured value of the periapical

Success lesion less than 3 mm? at the recall
time of 24 months

- No evidence of continuing root

resorption

- No evidence of root fracture

Uncertain | - The size of periapical lesion
outcome | remained the same

- Evidence that an existing
periapical lesion has increased
in size

- Signs of continuing root

resorption

- Evidence of root fracture

Failure

Randomization and statistical
analysis

Patients and clinicians were blinded to
the treatment protocol (double-blinded
randomization). One examiner (B.C.)
randomized the entire sample using odd
numbers. Two experienced and calibrated
dentists (D.M. or T.P.) performed the ra-
diological analysis independently. Inter-
examiner and intra-examiner agreement
scores were determined using the kappa

Figure 1. Analysis of radiographs using Adobe

Photoshop CS 6 software:

a) marking the clear boundaries of periapical lesion
step by step using the Quick Selection button;

b) determining the pixels of the marked periapical

lesion using the Histogram;

¢) marking clear boundaries of the periapical lesion
step by step using the Quick Selection button;

d) determining the pixels of the marked periapical

lesion using the Histogram
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statistics. Data analysis was performed using the linear
mixed model. The level of significance was set at p < 0.05,
and the data was processed using IBM SPSS Statistics, ver-
sion 20.0 (IBM Corp. Armonk, NY, USA).

RESULTS

Analysis of the patients’ data history showed that none
of the participants attended all of the control examina-
tions designated by dental trauma protocols. Following
an injury, 19 (79.2%) patients attended the first control
examination, while after the third, sixth, and 12th month,
this number decreased to 13 (54.2%), 10 (41.7%), and five
(20.8%), respectively.

Mean time from the incidence of trauma to the oc-
currence of endodontic complication was 14.01 + 2.69
months. A total sample consisted of three (11.1%) man-
dibular central incisors, 16 (59.3%) maxillary central in-
cisors, seven (25.9%) maxillary lateral incisors and one
mandibular first premolar (3.7%). Root canal procedures
in this study lasted five to seven weeks (5.41 £ 0.67). The
positive clinical outcome was recorded in 24 (88.9%) cases,
while radiographic success was present in 26 (96.3%) cases
(Tables 2 and 3). In one case (3.7%), due to the presence
of a sinus tract and vertical root fracture, a single tooth
was extracted, while two other cases (7.4%), with crown
discolorations, were treated by carbamide peroxide as in-
tracoronal bleaching agent.

The kappa statistics for intra-examiners’ reliability
ranged 0.69-0.89, while inter-examiners’ reliability ranged
0.72-0.86. Statistically significant decreases in the values
of the periapical lesions were recorded in all observation
periods (F = 115.966, p < 0.001; Table 3). There were no
statistically significant differences between the two used
MTA materials (F = 1.089; p = 0.306), as well as between
the teeth with mature and immature roots, regarding posi-
tive treatment outcomes (p > 0.001).

Table 2. Clinical status and outcome

DISCUSSION

This study, in a certain sense, highlights the advantages of
endodontic treatment in the initial management of trau-
matized teeth with chronic periapical periodontitis, as the
initial suggestion was to perform periapical surgery in all
the presented patients. On the other hand, results of the
present study also show the importance of regular control
follow-ups after tooth trauma, recommended by the rel-
evant professional associations as control radiographs were
made in two cases (8.3%) at the first control examination,
after six months in three cases (12.5%), and no radiographs
were made 12 months after the injuries [1, 3].

Trauma was identified as the etiological factor for pulp
necrosis and chronic periapical lesions in all of the cases.
The most predominant dental injuries were contusions in 13
(48.1%) cases, complicated crown fractures in five (18.5%)
cases, while subluxations, uncomplicated crown fracture,
as well as uncomplicated crown fractures in combination
with teeth intrusions were present in three (11.1%) cases.

Management of teeth with necrotic pulps and chronic
periapical lesions ranges from endodontic procedures
and surgical approach to tooth extraction depending on
the nature of the periapical lesion [13]. In this regard, an
estimation of the volume of a periapical lesion is essen-
tial. Therefore, the main criterion for evaluation of the
size of bone defects in the present study was the analysis
of their 2D-radiograph reproductions as is common in
daily practice. Using different tools in Adobe Photoshop
CS software, the periapical radiolucency can be measured
easily and with sufficient precision [14]. Ideally, cone-beam
computed tomography evaluations might have provided
a different outcome; however, their availability was not
feasible at the time of this study, and also implies much
higher effective dose of radiation (61-134 uSv) compared
to conventional dental radiography (0.65-9.5 uSv) [14].

While there may be a significant correlation between
the size of a periapical lesion and its true nature, the only

Chewing discomfort (%) Yes No 48.1 519 74 926 0 100 0 100 0 100 0 100

Abscess/sinus tract (%) Yes No 48.1 519 0 100 0 100 3.7 96.3 0 100 0 100

Tooth discoloration (%) Yes No - - - 0 100 0 100 3.7 963 3.7 963

Tooth mobility (%) Yes No 11.1 88.9 0 100 0 100 0 100 0 100 0 100

Numbness (%) Yes No 148 85.2 0 100 0 100 0 100 0 100 0 100

Percussion/ palpation tenderness (%) | Yes No 926 7.3 74 926 0 100 0 100 0 100 0 100

Spontaneous/provoked pain (%) Yes No 37 63 0 100 0 100 0 100 0 100 0 100

Radiographic assessment intervals Initial Baseline 3 months 6 months 12 months | 24 months
Table 3. Radiographic status and outcome

Time Success Uncertain outcome Failure Measured values of PL (mm?) (MV+SD)

Initial - - - 35.87 £0.24°

Baseline 27 (100%) 0 0 17.04 +0.20%°

3 months 26 (96.3%) 1(3.7%) 0 12.28 + 0.40b¢

6 months 26 (96.3%) 0 1(3.7%) 9.65 +0.21¢

12 months 26 (96.3%) 0 0 6.52 +0.17%¢

24 months 26 (96.3%) 0 0 0.31 £ 0.05¢

PL - periapical lesions, MV — mean value, SD - standard deviation;

abede statistically significant differences between measured values of PL (p < 0.001)

Srp Arh Celok Lek. 2019 May-Jun;147(5-6):270-275

www.srpskiarhiv.rs

273



274

reliable proof of a correct diagnosis becomes possible after
histopathological analysis [15, 16]. According to Nair [17],
if the periapical lesion is completely separated from the
apex of the tooth, it’s less probably to be resolved without
surgical treatment, but if it is in direct communication with
the root canal, it may react favorably to a conservative form
of management [18].

Integrity of the periapical area has been the subject of
numerous studies in terms of both, instrumentation and
medication. Bender [19] indicated that there are studies
that claim that jeopardizing integrity of a periapical le-
sion may lead to an exacerbation of a chronic periapical
process; however, Bhaskar [20] suggested that curettage
of the periapical area may be useful in destruction or par-
tial elimination of the affected tissue, and in initiating the
reparatory processes. In the present study, this therapeu-
tic procedure proved to be effective, though without any
clear conclusions whether or not the outcome was due to
the apical instrumentation, local pressure reduction, or
provoked bleeding.

Numerous studies have shown that the use of calcium
hydroxide in the treatment of periapical lesions is efficient,
without significant differences between radiographically
evaluated small (up to five mm) and large lesions [21, 22].
Although calcium hydroxide formulations possess power-
ful activity against a wide range of oral pathogens, they
have limited effect against E. faecalis and C. Albicans [4].
As the use of the triple antibiotics may overcome the short-
comings of calcium hydroxide pastes, this was the main
aim of its use in the present study, although for a shorter
period of time than previously recommended [23, 24].

Annamalai and Mungara [25] reported complete ab-
sence of periapical radiolucency that was present at the
begging of the treatment in 13/30 teeth with immature
roots obturated with MTA. Using the periapical index score
and the decrease in size of the apical lesion with at least
12 months follow-up, Simon et al. [26] demonstrated that
the healing occurred in 81% of cases. Similar results were
obtained by Holden et al. [27] and Sarris et al. [28]. The
present results are in concordance with previous studies,
which can also be explained by the fact that MTA-based
materials possess a very similar chemical composition. Us-
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CONCLUSION

Treatment of teeth with chronic periapical lesions, as a
result of a complication of the previous tooth trauma,
should be initiated with endodontic approach. Products
based on MTA represent effective agents for apical root
canal obturation and contribute to significant reduction
or complete regression of periapical lesions. The presented
procedure may be proposed for everyday clinical practice
as it is easy to perform.
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EHA00HTCKO Neyerbe TpayMaTU30BaHUX 3y6a ca XPOHUUHUM
nepuanuKanHUM ne3ujama NpUMeHOM aHTUBMOTCKe nacTe U onTypauuje
MUWHEpPaAHUM TPUOKCUAHUM arperaTom — npeaMMMUHapHa cTyauja

bojaHa heteHoBuh', lejaH Mapkosuh?, Llejmc latman?, Tamapa lMepuh?, BykomaH JokaHosuh'

'YHuBep3uteT y beorpagy, HCTUTYT 3a HyKneapHe Hayke ,BuHua’, Beorpag, Cpbuja;
?YHneep3uTet y beorpagy, Cromatonowwku dakyntet, KnuHuka 3a negujatpujcky v npeBeHTUBHY cTomatonorujy, beorpap, Cpbuja;

YHueep3nTet,A&M Tekcac', Konel ,bejnop’, Nanac, Tekcac, CALl

CAMETAK

YBop/Linmb Cepxa oBe cTyaunje 6vna je npoLieHa eprKacHOCTU
€HAOAOHTCKOT TPeTMaHa TPayMaT/30BaHUX CTaHMX 3yba ca
HEKPOTUYHOM MyJINOM U XPOHUYHWM MepuanvKanHimM fesvjama
nocne feGpuHUTBHe ONTypaLmje MUHePanHUM TPUOKCUAHNM
arperatom (MTA). CodtBep 3a aHanu3y civke Adobe Photoshop
CS kopuwheH je 3a NpoLeHy pereHepauuje.

Mertope [IBageceT 1 ceiaM TpaymMaTU30BaHUX je[JHOKOPEHUX
CTaHyX 3y6a ca HEKPOTVYHOM My/INOM M XPOHWUYHIM Nepuanu-
KanHUM Jie3njama TPeTpaHU Cy HEXMPYPLUKMM NpoLeaypama
nomohy TpMaHTMBUOTCKe NacTe ¥ KanuujyMm-XnapoKcmaa Kao
MHTpaKaHanHor MefukameHTa. [lebrHUTMBHa onTypaLuja 13-
BefeHa je nomohy ProRoot MTA unu MTA* Cerkamed. KoHTpon-
HY nperneaun obaB/beHM cy Tpu, WwecT, 12 1 24 mecela nocne
3aBpLUETKa Jleyetba.
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PesynTtaTtm 1031MTUBaH KNVHUYKM UCXOR 3abenexeH je y 24
(88,9%) cnyuaja, Aok je paguorpadcky ycnex 61o npucyTaH y
26 (96,3%) cnyyaja. CTaTUCTNYKM 3HaYajHO CMarberbe BeNnUrHe
nepvanvKanHux nesmja npumeheHo je y cBm neprioamma (p <
0,001). Huje 6rno ctaTucTMUKM 3HavajHe pasnuke n3mehy asa
TectpaHa MTA maTtepujana (p > 0,05).

3aksbyyak MTA npovi3aBoay cy edUKacHY y ONTypaLmju KOpeH-
CKMX KaHana 1 YMHW ce Aa AONPUHOCE 3HaYajHOM CMatbery
U MOTMNYHOj perpecuju nepuanmkanHmx nesmja y TpeTupaHum
3ybuma. MpriKasaHa meTofoornja Moxe 6UTH NpeAnoxeHa 3a
CBAKOAHEBHY KJIMHNYKY NPaKCy.

KrbyuHe peun: Kanuujym-XuapoKCug; XpOoHYHe nepuanukaiHe
nesuje; nospepe 3yba; MTA
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