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Combined Root Canal Therapiesin Multirooted Teeth with Pulpal Disease

Abstract

The types of pulpal disease found in multirooteztltenay vary from one root canal to the next.
Current endodontic treatment strategies allowHerdptions such as regenerative endodontics,
vital pulp therapy, or conventional root canal tne@nt depending on the disease status of the
pulp in a specific root canal. A combination of gedures was employed in the three teeth in for
this case series based on the assumed pulpal staash canal. The follow-up ranged from 24
to 27 months and in each case the healing respaaseatisfactory. This report illustrates the
use of a combination of treatment procedures, wbashprovide specific treatment benefits in

various clinical situations.
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Significance

Combining endodontic treatment procedures in nagdted teeth allows clinicians to choose

treatment modalities based on the condition ofthlps in specific root canals.

INTRODUCTION



The diagnosis and classification of pulpal disdesechanged over the years and continues to
evolvé.Treatment of teeth with pulpal disease is ofteretam the inflammatory condition of
the pulp (as measured by responses to cold/hotistjmatients’ chief complaints, presence and
extent of pulpal necrosis, and the periapical rgdiphic images combined with clinical testing
responses. While valuable information is obtained by such icih examinations, it is frequent-
ly not sufficient for an accurate determinatiortteé pulpal conditiofr”. It is possible, that treat-
ment based only on routine examination proceduslead to removal of vital pulp tissue that

could otherwise survive after selective eliminatafradjacent diseased tissues.

Expanding examination procedures to include divesttal observation of the pulp through a
dental operating microscope (DOM), provides theaopymity to evaluate parts of the pulp that
can potentially be preserv€dThis has been illustrated by clinical cases oibcerpulp expo-
sures in which the healthy part of the pulp wadewied and preserved following elimination of
diseased tissteand in cases of pulp chamber pulpotofitésCone-beam computed tomogra-
phy (CBCT) is an additional method for obtainingpmntant information prior to treatment plan-
ning as illustrated in the treatment of teeth digpig anatomical anomalies such as dens

evaginatu$'anddens invaginatds,

Teeth in young patients in which both pulpal digeaisd apical pathosis are present can often be
treated with endodontic procedures that preseraéthheradicular pulp tissue resulting in both
apical healing and continued root formaw Accurate diagnostic evaluation of radicular
pulps in some multirooted teeth can be difficulathieve with current examination proce-
dure$®'® This can prevent the opportunity to use treatmeascould preservieeversibly in-

flamed radicular pulps in some canals even if adjaones arareversibly involved’*® With

more precise diagnosis it could be advantageotrsdb canals of multirooted teeth independent-



ly even if tissue conditions vary between can&snservative treatment of teeth with pulpal
disease, in which healthy, reversibly inflamed piigpue can be preserved, the surrounding tooth
structure maintained, and any apical lesions resbiway have advantages over conventional
root canal therapy. In some select cases, can#ianiiected pulp necrosis can be managed by
the technique introduced by Iwaya et’and which subsequently is referred to as regenerati

endodontics treatment (RET)

The three cases presented here demonstrate av@thgeapproach using combined treatment
modalities in teeth with carious pulp exposures iartthl diagnosis of pulp necrosis. The treat-

ments were completed by one of the authors (YT).

CASE REPORTS

Several procedures were similar in all cases. @itkt treatment appointment, the initial pro-
cedure was performed without using local anesth€&he patient would raise his/her hand if
there was any pain or discomfort. The purposedoraval of restorations and caries and necrotic
pulp tissue was to identify any possibly vital tiss. All procedures involving vital tissues were

completed with local anesthesia.

The dental operating microscope (DOM) was usea@laslinical treatment procedures to ensure
maximum ability to identify carious dentin and tisyemnants. In addition, a caries detector dye
(Caries Detector, Kuraray Medical Inc, Osaka, Japas used to help identify and remove cari-

ous dentin.

Casel



A 15-year-old male patient presented with a chaghplaint of pain in the mandibular left first
molar (tooth #19). His medical and dental histoviese noncontributory. A sinus tract was pre-
sent on the buccal tissues and the tooth had esduwraries around a class Il composite restora-
tion. The tooth was painful to percussion and trecsinding tissues were painful to palpation.
All periodontal probings were within normal limg8-3mm). The tooth had normal mobility and

did not respond to pulp vitality testing.

The preoperative periapical (PA) radiograph (Figl#¢ suggested possible bony changes in the
furcation and apical areas. The preoperative caaerbcomputed tomography (CBCT) examina-
tion, however, showed in the sagittal view a lavgay lesion associated with the distal root and
smaller one around the apical area of the mestdl(Figure 1B). The axial CBCT view showed
single canals in each root and an absence of buodiadal bone adjacent to the distal root (Fig-
ure 1C). The buccal sinus tract probably passeditr the area showing no bone. Both the axial
and sagittal views showed that the canal in thialdieot had a larger diameter than that in the

mesial root.

Based on the clinical examination and radiograptterpretation, the diagnosis for tooth #19

was pulp necrosis and a chronic apical abscesselAninary treatment plan was presented and

accepted. An attempt would be made_for RET fordis&al canal along with conventional root
canal therapy (RCT) for the mesial canal. The tnest plan could be modified if, after access-

ing the pulp chamber, the pulpal conditions in¢hrals were different than expected.

The first step in the treatment was to remove tmposite restoration without the use of local
anesthesia. The DOM was used throughout the proeedtter removal of the restoration, the

pulp chamber was exposed, showing the pulp tigsbe hecrotic and partially liquefied. With a



#6 carbide bur and copious water spray, all cartmrgin was removed, augmented with caries
detector dye. The distal wall was built up with ded composite resin (Clearfil Majesty, Ku-
raray Noritake Dental Inc., Okayama, Japan.) bederdgal dam isolation and subsequent treat-
ment steps. A spoon excavator along with copiaugaition with 5.25% sodium hypochlorite
(NaOCl) were used to debride the pulp chamber. Bwtdistal and the mesial root canal orific-
es were easily located. The tissues in the distt® appeared necrotic and a #10 endodontic
file was easily passed through to the apical ogewnirthout resistance and it provoked no painful
sensation, confirming the presence of pulp necrdsie working length was determined with an
electronic apex locator and apical gauging withiNTfiles showed the diameter at the working
length to be more than 0.7 mm, indicative of annoggex. In contrast, when a file was intro-
duced into the mesial canal, it provoked a pais@uisation in the coronal part of the canal, indi-
cating presence of vital tissue. The preliminaeatment plan was modified to combine vital

pulp therapy (VPT) in the mesial canal and REThmdistal canal.

Mandibular nerve block anesthesia was administer#d2% mepivacaine without a vasocon-
strictor (Nagase Medicals Co. Ltd., Itami, Japdie distal root canal was debrided with a #70
K-file, irrigated with 5.25% NaOCI, and dried wigaper points. This was followed by saline
and 17% EDTA irrigations and drying with coarse grgpoints. A #25 K-file was used to pierce
the periapical tissues to promote bleeding intoctingal to a level about 3 mm below the ce-
mentoenamel junction (CEJ). After waiting approxietya 10 minutes, blood coagulation was
observed (Figure 1D). A scaffold of CollaCote (ZiemBiomet Dental, Warsaw, IN, USA) was
placed on the clot followed by a 3 mm thick layénoneral trioxide aggregate (MTA) (Gray
ProRoot MTA, (Dentsply Tulsa Dental, Tulsa, OK)n#oist cotton pellet was then placed over

the MTA plug and the distal access area was s&atbduinbonded Clearfil Photocore (Kuraray



Co. Ltd, Osaka, Japan). The inflamed and necrissues from the coronal part of the mesial ca-
nal were removed with a water-cooled high-speeddaliamond bur followed by flooding the
chamber with 5.25% NaOCI for 10 minutes, and af@id minutes, to control hemorrhaging
and obtain hemostasis. MTA was placed over the gseghpulp tissue, slightly compressed and
shaped with a moist cotton pellet to create a umflayer. Another moist cotton pellet was

placed over unset MTA and covered with unbonde@u@ld’hotocore.

The patient was asymptomatic when he returned afterweek. Following dental dam isolation,
the temporary seal and cotton pellet were rema&dzbnded composite restoration was placed
after checking the MTA for proper setting (Figui€)1The 3-month follow-up axial CBCT view
revealed advancing remineralization of the bonydsf(Figure 1F). At the 18-month recall vis-
its, the sagittal and axial 18-month CBCT imagagyfes 1G and 1H) showed progressive heal-
ing of the periapical lesions, evidence of apidasare and re-establishment of the cortical plate.
A two-year radiographic review shows normal sugpgrbone and absence of pathosis (Figure

11). The tooth was asymptomatic, and respondedlth beat, and electric pulp tests.

Case?2

A 43-year-old female patient presented with a cbaghplaint of pain in the maxillary right first

molar (tooth #3). Her medical history was noncdmittory. A sinus tract was noted buccal to the
tooth which had a distal-occlusal composite resimmalt showed a class 2 mobility along with a
5-8 mm circumferential osseous defect and did espond to pulp vitality tests. Percussion and

soft tissue palpation elicited discomfort.



Preoperative PA radiographic examination demorestrabmbined periapical and periodontal
lesions (Figure 2A). The preoperative CBCT shoveedd periapical lesions communicating

with the periodontal lesions around all 3 rootssagittal, coronal, and axial views (Figures 2B,
C, D). The axial view showed 2 canals in the masichl (MB) root and single canals in the
distobuccal (DB) and palatal roots. The canal enghlatal root appeared larger than those in the
other roots and displayed a wide apical openinige CBCT also revealed cortical bone loss
around the coronal one third of each root, indigagndodontic-periodontal involvement. Based
on the above findings, the clinical endodontic diagjs was pulpal necrosis and chronic apical
abscess. The periodontal diagnosis was moderatdvenced periodontitis. The patient accepted
and approved the preliminary plan_of RET treatnodrthe palatal canal and conventional RCT
of the other canals. After pulp chamber access,finations to the treatment plan could be

made if unanticipated pulpal conditions in the ¢ama&re encountered.

The first treatment procedure was to remove thepomite restoration under dental dam isola-
tion and without the use of local anesthetic. A D@ used throughout the procedure. The pa-
tient would raise her hand if she felt any discamdéo pain during the procedure. After removal
of the restoration and the roof of the pulp chamttex chamber appeared to be empty except for
a few tissue fragments. Augmented by caries detégt guidance and using a #6 carbide bur
with water coolant, all the carious dentin was reetband the pulp chamber was debrided with
5.25 % NaOCl irrigation. All four root canals wesgplored with a #10 K-file and no vital tissue
was detected. As noted above, the wide apical agesfithe palatal canal indicated a possible

RET procedure for that canal.



Two cartridges of 2% mepivacaine without a vasotrarter was injected for local anesthesia
and the working lengths of all four canals weralkshed with an electronic apex locator (Root
ZX 11, J. Morita Corp, Tokyo, Japan). The MB, MBAdDB canals were cleaned and prepared
with NiTi files to size 30/.06 taper (Vortex Blugentsply Tulsa Dental Specialties, Johnson
City, TN, USA) and 5.25% NaOClI irrigation. The palecanal was debrided using a #60 K-file
and 5.25% NaOCl irrigation. All the canals wereedrwith paper points followed with a rinse
with saline solution, then dried and re-irrigateithwi 7% EDTA and again dried with paper
points. A #20 K-file was used to penetrate the @issues and stimulate bleeding into the pala-
tal canal (Figure 2E) resulting in clot formatiomdn below the CEJ (Figure 2F). A cotton pellet
was placed on the blood clot and the pellet waptearily covered with Cavit (3M, St. Paul,

MN, USA). The buccal canals were then obturatedgu§ray ProRoot MTA with a combination
of a modified Auger technique combined with endditoplugger compactidfi. The Cavit and
cotton pellet were removed from the orifice of faatal canal and a fitted CollaCote pellet scaf-
fold was placed over the blood clot (Figure 2G)ayer approximately 3 mm thick of MTA was
placed over the scaffold (Figures 2H, I). The MTAsxcovered with a moist cotton pellet and

the access cavity was closed with unbonded Phad€agure J).

On the next visit one week later, the Photocoreptaary and cotton pellet were removed under
dental dam isolation. The MTA had cured (FigurealdJl a bonded composite restoration was
placed over the set MTA. A 3-month radiographictoginrshowed evidence of healing of the per-
iapical lesions (Figures 2L, M, N, O). At the 26mth control visit, both the CBCT and the PA

radiographs showed continued improvement of thegukcular alveolar bone and evidence of



palatal canal apical narrowing and remineralizatiatih re-establishment of the cortical plate
(Figures 2P, Q, R, S). The tooth was asymptomaticpesented with minimal (1+) mobility

and all periodontal probings were within normalitsx(2-3 mm).

Case3

A 19-year-old male patient presented with a chaghplaint of tenderness to chewing on the
maxillary left second molar (tooth #15). The patieas in good health with no contributory
medical conditions. The periodontal probings weferAm and the tooth mobility was normal
(Class 1). While the tooth was not sensitive ta@pssion, it did give a mild response to cold test-
ing. The preoperative radiograph showed a radioluaesa associated with the palatal root apex
and the MO composite restoration in close proxirtotthe mesial pulp horn appeared to be de-
fective (Figure 3A). CBCT sagittal imaging confeththe presence of secondary caries in the
composite/dentin interface (Figure 3B). Also notexte a large radiolucency associated with the
DB root apex and a smaller apical lesion at the fdi@ apex (Figure 3C). A lesion apically to

the palatal root was observed on the coronal viggufe 3D). The preoperative clinical diagno-
sis was pulpal necrosis and chronic apical peribti®enThe patient accepted a preliminary
treatment plan of RCT and also the possibilityreatment change if the pulpal condition was

different than initial expectations.

The treatment was initiated without local anesthatid under dental dam isolation and a DOM.
After removing the composite restoration, carioastth was removed using a #6 carbide bur

with water coolant using caries detector dye guida@ high-speed diamond bur was used for



exposing the pulp chamber and removing the nectissoes. Exploratory insertion of a # 10 K-
file into the four canals verified necrotic tissnghe DB and palatal canals. The patient, howev-
er, felt pain in the MB/MB2 canals when the #10il¢-feached the middle third of the canals,
which induced hemorrhaging and indicated potenti@Versibly inflamed tissues remaining
(Figures 3E, F). The canal length was measuredetaitea of remaining vital pulp tissues with

the same #10 K-file.

Next, local anesthetic was administered with twdrciyes of 2% mepivacaine without vaso-
constrictor. NiTi files from a size 15/.06 taperasize 40/.06 taper were placed to the level of
surviving pulp tissues and rotated to remove therlging necrotic/inflammatory tissues in the
MB/MB2 canals; 5.25% NaOCI was used to irrigatesthoanals. The canals were soaked in
5.25% NaOCI for 10 minutes and rinsed with saliol@ton. A size 15 K file was then used to
penetrate the vital pulp tissues and induce blegtdira level 4 mm below the CEJ (Figures 3G,
H). A few minutes after clot formation, RetroMTAI(BATA, South Korea) was placed over the
area, gently compacted, and shaped with a moiircpellet to establish a uniform thickness of
approximately 4 mm (Figure 3I). A moist cottonlpelvas placed directly over the MTA and

covered with unbonded Clearfil Photocore.

The DB and palatal canals were negotiated and wgrkingths established with the electronic
apex locator. The canals were irrigated with 5.2B180Cl and prepared to working length with
NiTi files. Then both canals were rinsed with salsolution, dried and re-irrigated with 17%
EDTA. A #25/.03 taper file, one size smaller thlha apical diameter, was used together with

mixed RetroMTA, and placed to the working lengtl &urned counterclockwise (reverse) while

10



connected to an apex locator compacting the MT@A thé canals using a push and pull motion
(Figure 3J). The cavity floor was cleared of exdd3A with a two-way syringe and Cavit
placed over a wet cotton pellet as the provisioestioration. One week later, local anesthetic
was administered with two cartridges of 2% mepivaeavithout a vasoconstrictor and the tooth
was isolated with dental dam. The Cavit and Photaere removed and RetroMTA hardening
was confirmed in the obturated canals and pulpotsiteg. The crown was restored with bonded

composite resin.

The 6-month CBCT and PA radiographic control shovesdineralization of the periapical areas
(Figures 3K, L, M). The patient was asymptomatid #re electronic pulp testing elicited a posi-
tive response. The 2-year radiographic view shoavedbsence of periapical lesions and CBCT
scans in two planes confirmed restitution of suppgrbone and absence of periapical lesions.
The patient was asymptomatic and the tooth had alamobility (Class 1) and periodontal

probings within normal limits (2-3mm) (Figures 3@, P ).

DISCUSSION

Bacterial invasion of the dental pulp through caigea compartmentalized process resulting in a
peripheral area of liquefactive pulp tissue witbjagent inflamed tissue next to healthy tis-
sues®* Anatomically, the pulpal conditions can vary frone tcoronal to the radicular areas
and are dependent on the extent and location ¢éhalcntrusion, the time of exposure, and the

innate and adaptive defense mechanéfisBased on the various pulpal conditions in a tooth,
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treatment can be modified to take advantage of sadhtions and combine treatment proce-

dures in a multirooted tooth.

The treatment provided for the three cases wadlb@mséhe modified clinical diagnosis that
could be made by direct observation of the pulpaditions in each of the root canals after re-

moval of caries and necrotic tissues, and the jodiscuse of CBCT. Presence or absence of vital

tissues was confirmed with the use of an endodditgiccontrol of bleeding was used as a guide
to differentiate between reversible or irreversimlgpal inflammatiofi"*° . Use of the DOM was

both essential in evaluating pulpal tissues andéourate placement of dental materials.

Since the suggested treatment for the teeth indladsmbination of procedures rather than the

conventional single procedure for a given tootlas important to use CBCT to enhance the

ability to diagnose, evaluate, treat and moniterghtients. The benefit to the patients of a posi-

tive outcome from this unusual combination of tnest procedures, necessitated employing the

CBCT even with a small increase in total ioniziadiation. In the future as more experience

with the treatment combination described, the auE® can be monitored using conventional

radiographs with less radiation expolre

Combining treatment procedures for a multirootestiipas exemplified in case #1, illustrates
how two different procedures could be applied basethe pulpal condition in each root c&fal

In the mesial canal the pulp tissues were vital r@versibly inflamed, so vital pulp therapy was
applicable. In the distal canal the content waisdfactive necrotic tissue, so RET was an option.

Complete canal debridment with NaOCI disinfectioasvprovided in RET using caries detector

12



dye staining with normal hemorrhaging and clot fation confirmed under the DOM. This may

suggests that long-term intracanal medications meaye required in every case if meticulous

canal debridment is observedgladiographic follow-up indicate that both the diagis and treat-

ment choices were sound (Figures 1G, &)

In case #2, the canals in the two buccal rooteweanaged with RCT and filled with MTA,
while RET was the selected treatment for the pbdataal because the large apical opeffify
The outcome was apparent from the observed thiogerfithe root canal walls. In case #3, the
combined treatment consisted of conventional RGTHe DB and palatal canals and vital pulp

therapy for the MB canals. The incorporation offptissue assessment under the DOM, removal

of necrotic tissues, NaOCI| hemostasis and the planeof bioceramic materials with bonded

restorations contributed to predictable outcomedlithree cases.

CONCLUSION

Combining treatment approaches for multirootedht@edvides the opportunity to select proce-
dures that may have specific benefits, such astaiaing pulp vitality where possible. Treat-
ment that combines different therapies may ultitgaienefit the patient and increase tooth sur-
vival.
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FIGURE 3

Figure 1. (A) Preoperative radiograph shows degjpgs lesion on the distal aspect of the man-
dibular left first molar (tooth #19). (B) Preoptva CBCT sagittal view shows large periapical

19



lesion around the distal root and smaller one &pacthe mesial root. (C) Preoperative axial
view shows absence of buccal cortical bone proxtm#ie distal root (arrow). (D) Vital pulp
exposure in the mesial canal (right) and blood icidhe distal canal (left). (E) Postoperative ra-
diograph after MTA placement. (F) Three-month falap CBCT axial view shows reminerali-
zation of the bony defects. (G,H) Eighteen-montktpperative CBCT sagittal/axial views show
resolution of the periapical lesions and new bonné pretreatment buccal cortical defect. (1)
Two-year radiographic review.

Figure 2. (A) Preoperative radiograph shows pecepgesions around the maxillary right first
molar (tooth #3). (B-D) CBCT sagittal, coronal amdal views show an open apex in the palatal
root, extensive periapical pathosis, loss of sujipgibone and presence of four canals. (E,F)
Necrotic pulp tissues, induced bleeding (arrows) lalood clot formation in palatal canal. (G-I)
CollaCote placed over the blood clot followed by Mplacement. (J) Postoperative radiograph
shows MTA plug as part of regenerative endodongiatinent of palatal canal, and MTA obtura-
tion of MB1, MB2, and DB canals. (K) Set MTA in anal orifices. (L) Three-month
radiographic recall. (M-O) Three-month CBCT corpsagittal, and axial views show emerging
resolution of the periapical lesions and advancgigrmation of supporting bone. (P) Twenty-
seven month radiographic recall showing new ceraastoration. (Q-S) Twenty-seven month
CBCT coronal, sagittal, and axial views reveal hatson of the periapical lesions and refor-
mation of furcation bone.

Figure 3. (A) Preoperative radiograph of maxilleft molar (tooth #15) with a periapical
radiolucent region. (B) Preoperative sagittal GBshows close proximity of restoration to the
mesial pulp horn (arrow). (C,D) Preoperative sabdnd coronal view of distobuccal and pala-
tal root radiolucencies (arrows). (E) Initial vi@fcoronal necrotic tissues in MB canals and (F)
hemorrhaging after No. 10 file insertion. (G) 5.28P40CI 5-minute immersion and (H) vital
pulp tissues detected in the MB canal after hermsastél) Clinical photograph of RetroMTA
placement. (J) Postoperative radiograph showingdsiial pulpotomy and obturation of DB and
P canals. (K) Six-month radiographic control sh@negressive remineralization of apical le-
sion. (L, M) Six-month sagittal and coronal CBG&ws showing remineralization of buccal
and palatal periapical lesions (arrows). (N) Twatryeadiographic recall. (O,P) Two-year sagittal
and coronal CBCT views showing advanced resolufahe periapical lesions.
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