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Introduction:

Crown fractures that result in pulp exposure oemmonly in veterinary practice. Patients
with fractured teeth may be asymptomatior they may exhibit one of many different clinical
signs including but not limited to drooling, depression, difficulty chewing or eating, rubbing or
pawing at the facexcessive licking and sneezih@herapy for such fractures should be aimed
at retaining tooth structure and providing a reasonable prognosis for success while utilizing
procedures that are minimally invasive. Endodontic therapy can achieve thesd/goatsthe
pulp cavity is exposed by crown fracture the pulp will eventually undergo necrosis if left
untreated. Progression to periapical abscess, radicular cysts, granulomas, fistulas, osteomyelitis,
pathologic fractures, periodontal disease and tosth dpe possibf® The aim of endodontic
therapy is to treat or prevent these conditions and involves removing the pulp, cleaning and
shaping the root canal, sealing the canal and subsequently filling it with sc@material
followed by access resttion.* Case selection relies heavily on dental radiography. The size of
the pulp cavity, apical continuity, root fractures, occluded canals and alterations in the root
structure should be evaluatéd:he experienced clinician can then make decisiasgd upon
this evaluation regarding the best approach to endodontic therapy.

Traditionally hand instrumentation has been utilized for cleaning and shaping canals in
veterinary medicine. Mechanical filing systems are also now being used by vetesiiarithis
purpose. The following is a case report describing the endodontic treatment of a fractured
maxillary right canine tooth with pulp exposure in a 10 year old Himalayan cat using engine

driven rotary instrumentation.
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History:

A tenyear old4.5 kilogram, male neutered Himalayan cat presented for oral radiography in
November 2001 following the discovery of a fractured maxillary right canine tooth (104) during
an annual physical examination one week prior. Dental cleaning had been perfoaged at

eight. No other relevant history existed.

Diagnostics:

Physical examination of the patient demonstrated that it was within normal limits. Oral
examination revealed a gingivitis index of I, a calculus index of II, and a plaque ind&x2of I.
Stage 4 Class fracture of tooth 104 was presénfhe crown of the maxillary left third incisor
tooth (203) appeared fractured and the space between tooth 203 and the maxillary left second

incisor (202) was widened.(Figure 1)

(Figure 1)
The fractured cusp of the maxillary right canine tooth can be seen. There
is an increase in the diastema betwtbenmaxillary left third inciso(203)

and tre maxillary left second incisq202). Abnormal gingivacan be

seen mesial to tooth 203.

Preanesthetic testinmpcluded a complete blood count, serum chemistry profile, urinalysis,
T4 and EKG. EKG&readings showed a normal sinus rhythm, normal complexes and a heart rate



of 196. CBC, serum chemistry profile and urinalysis were normal. Mucous membrane color,
cagllary refill time, pulse and chest auscultation were all within normal limits.

Butorphandl (1.25 mg IM) was given thirty minutes poperatively to aid in premptive and
postoperative pain relief. A twentwo gauge intravenous cathétems placd in the right
medial saphenous vein. General anesthesia was induced with két@aingy 1V) and valiurh
(0.9 mg IV). The patient was intubated with a 4.0 mm cuffed endotrachebhtubthe cuff was
inflated gently. The animal was maintained witHlis@ané (2.0-2.5%) and oxygen (2.5 L/min)
using a semtlosed anesthetic delivery syst8nThe patient was placed on a watérculated
heating padand was connected to leads for EK@onitoring. A warmed balanced electrolyte
solutiod was administeredt 10 ml/kg/hr. Temperature, respiration, pulse and capillary refill
time were regularly obtained and recorded by a monitdealgnician.

A complete oral examination was performed and abnormalities were noted on the dental
chart. In addition to #changes discovered during the initial oral examination tooth 203 had a
mobility index of two.2 A periodontal probewas used to explore the gingiva mesial to tooth 203
revealing a tooth fragment from the buccal aspect of tooth 203. A four millimeiedqeal
pocket was present on the lingual aspect of tooth 203. A dental eXloutt be placed into
the pulp cavity at the fracture site of tooth 104. Black debris was present at the tip of the
explorer upon removal indicating a neital pulp. Themandibular left first (301) and second
(302 incisorshad mobility index of two® The mandiblar left first molar (309) had threem
of gingival recession associated with the mesial root. No periodontal pocket or gingivitis was
present.

The oralcavity was thoroughly rinsed with 0.12 % chlorhexids®ution to decrease the
bacterial load thus protecting the operator, patient and environment from aerosolized bacteria
during cleaning. Complete supragingival and subgingival s¢alirg performedo aid in
elimination of existing plaque and calculus and to decrease the bacterial load in the oral cavity
prior to likely extraction of teln 203 301 and 302nd extraction or endodontics of tooth 104.
The teeth were polished using a disposable prapigle' on a slow speed hamece and
polishing pasté The oral cavity was rinsed thoroughly with saline followed again by 0.12 %
chlorhexidinésolution.

Dental radiograptfisvere obtained of the affected aseming the bisecting angle

techniquglFigure 2) No abnormalities other than the fractured cusp were seen on tooth 104.



The fractured fragment from tooth 203 could be seen in the interradicular space between tooth
202 and tooth 203. A lucency was present surrounding the apical portiarobtHragment.
The lucency was superimposed over the roots of teeth 202 an€C2@%lete stage 10 fractures

of teeth 301 and 302 were present just coronal to the level of alveolar crestal bone.
‘.1 i

(Figure 2)
The fracturd fragment from tooth 203 can be seen between tooth 202
and tooth 203. A lucency was present surrounding the apical portion of
the root fragment.

Diagnosis:
The owner was notified that the patidiaid a fracture with pulp exposure of tooth 104 and a
fracture of tooth 203 with a radiographic lucency surrounding a fragment from this Radi.

fractures were also present in teeth 301 and 302.

Treatment Plan:

The treatment plan incled rootcanal therapy of toothO# and extraction of tée 203 301
and 302 and thefractured fragmest The radiographic lucensurrounding tooth 20&ould
be explored and debrided with the aid of a gingival flagyingival flap would be used to aid in
retrieval of the root tips of teeth 301 and 302.



Treatment:

The patient was placed in dorsal recumbency. A left infraorbital nerve block was performed
by injecting bupivicaing(1.25 mg) using a tuberculin syringe and a 25 gauge 1 inch naedle
theentrance to the left infraorbital canal and holding digital pressure over the area for sixty
seconds. Aspiration to confirm that the needle was not placed intravascularly was performed
prior to injection. A right infraorbital nerve block was also perfed using the dosage and
technique just describedh left mental nerve block was performed by injecting an identical
volume of bupivicaine at the entrance of the left middle mental nerve taking the same
precautions describedn order to thoroughly dele the radiographically lucent region
associaté with the fragment of tooth 2G815 Bard Parker blabi@mounted on a No. 7 scalpel
handl¢ was used to make an incision starting at the line angle of the distal aspect of tooth 202
extending five millimeterito the diastema between tooth 203 and the maxillary left canine
tooth (204). From this point a sirillimeter longdivergent releasing incision was made. An
EX-9' periosteal elevator was used to reflect the flap apically. Tooth 203 and its fractured
fragment were easily extracted with a root fofce@ranulation tissue was debrided with a
surgical curette The gingiva was sutured in a simple interrupted pattern using Mayo Hagar
needle holdefsand 50 Monocryf with a R3 cutting needlé.

Theextraction of teeth 301 and 302 were begun following extraction of tooth 203. A 15 Bard
Parker blademounted on a No. 7 scalpel harldlas used to make an incision starting at the
mesial line angle of tooth 401 extending to the mesial line angle thf 30d.. From this point a
five-millimeter longdivergent releasing incision was made. An-8Xperiosteal elevator was
used taeflect the flap apically. Teeth 301 and 302 and thaatured fragmestwereextracted
with a root forcefl. The gingiva wasuturedas previously described.

The area surrounding 104 was again thoroughly rinsed with 0.12 % chlorhesadirion. A
sterile surgical glov8was used as a dental dam to protect the surrounding oral tissue from the
caustic compounds usedrthg the endodontic procedure, to increase visibility and to aid in
maintaining a clean surgical field Sterile surgical glové& were worn by the operator.

The crown of tooth 104 was reduced to remove unsound tooth structure, to improvieyvisibil
and to eliminate the possibility of debris carriage into the canal during tbedure® Removall

of diseased tooth was sufficient to allow direct access through the fracture site. A sterile ISO



size 15 Hedstrom (H) fif8 was compared to a radiogha determine the approximate working
length. An endodontic stop was placed sixteen millimeters from the file tip which was
radiographically two millimeters short of the apical extent of the c&dhahe file was placed in

the canal and advanced to #relodontic stop then gently advanced further until slight resistance
was detected. A radiograph was taken and confirmed a working length of eighteen millimeters.
(Figure 3)

( Figure 3)
An ISO #15 H file is placed to confirm a working length of 18 millimeters

The coronal portion of the canal was flared using the 1SO size 15 fileilitatadhe
introduction of subsequent fileS. This was chosen over a Ga@§dden drill due to the small
size of the coronal access site to avoid the removal of excessive tooth structure. Canal
debridement was begun using the same ISO size 15 HAflen the file fit easily to working
length the canal was lavaged with 1% sodium hypochl@riteligher concentrations have been
used in human dentistry however they do not enhance the elimination of bacteria over the 1%
concentration and are more detgintal to tissue"* Subsequent instrumentation was completed
using a cordless mechanical handpiéead nickeltitanium rotary file€® according to

manufacturer’”s recommendations starting wi

t h



Each file was coated with an endodortthelating agefitprior to introduction into the canal.
Chelating agents aid in canal preparation by acting as an instrument lubricant and by softening
dentin and emulsifying soft tissue to aid in removal of e&ch.

Completion of filing with eachize was determined when a light pecking motion was
required to reach working length in less than 12 pecks. One peck is described as a down cut and
a slight withdrawal. Following cleaning with each file the canal was lavaged with 1% sodium
hypochlorite™ Each subsequent file size was increased in half file size increments proceeding
with ISO 22.5, ISO 25 and so on until at least 12 pecks are required to reach working length.
The file that required at least 12 pecks for tooth 104 was ISO size 40il@ssérmed the
Master Apical Rotary (MAR). Starting with an ISO size 42 ¥ file a one, two, three and four
millimeter stepback technique was used to complete the apical preparation using sequentially
larger file sizes at four to eight pecks each.. ifindroot instrumentatiowas completed in a
similar manner until an 1ISO size 70 file naturally stepped back into the flared coronal portion of
the canal. At this point the canal was recapitulated using an 1SO size 40 file to ensure no debris
was retainedtahe apex and complete debridement was achi¥v@the canal was flushed again
with 1% sodium hypochlorit&.followed by thorough lavage with sterile saline. The canal was
then dried with sterile paper poirfs. A size 40 gutta percha poffitvas graped with college
pliers' nineteen millimeters from its apex and sterilized by immersing it in 5.25% sodium
hypochlorit&® for one minute™ A trial placement of the master gutta percha cone into the canal
demonstrated tuback indicating good fit:® One millimeter remained between the crown and
the endodontic stop indicating that the tip of the gutta percha cone had reached the apex. A
radiograph was taken and confirmed placement of the gutta percha cone at the apex. (Figure 4)
A single cone guttaercha technique was chosen as the method of canal obturation due to
adequate canal filling at the trial fit, ease and efficiency in placement thus decreasing anesthesia

time, and the lack of shrinkage of the core material when using this techifique.



(Figure 4)
The master gutta percha cdaeplaced following final canal
prepaation to confirm tugback andadiographically good
canal accommodation from crown to apex

Following radiographic confirmation of adequate fit the master gutta percha cone was used to
fill the canal with sealaft To mix the sealantgeal volume units of Paste A and Paste B were
pl aced on a gl ass sl ab ac cions.dAimetgl spatua wasatiren f act u
used to mix the pastes to a homogeneous consistdieymaster gutta percha cone was then
dipped in the sealant and placed in the canal to the apex to completely fill the canal. This was
repeated three times until the edwas adequately filled as evidenced by overflow of the
sealarlt. At this point the master gutta percha cone was coated again with sealant and
reintroduced into the canal to the apex again confirming adequabatieg A radiograph was
taken and confined adequate obturation. Vertical compaction of the master cone with an
endodontic pluggé&fwas then performed to create a dense tHieensional obturation.

A heated endodontic sprealiaras used to cut off the gutta percha cone that extended
beyond the crown tip. Vertical compaction was then repeated. Alcohol soaked cotton pellets
were used to clean excess sealant from the access area. A radiograph was taken to confirm good

obturation prior to the final restoration. (Figure 5)



(Figure 5)
A radiograph was taken to confirm good obturation of the
entire canal prior to access site restoration.

The regoration was begun by creating an undercut in the dentin using a #330 pear shaped
bur™™ to ensure mecharal retention of the composité.Care was taken to ensure that only
dentin was cut leaving no unsupported enamel rods that could have resultsdinthes
restoration’ The access site was again rinsed with sterile saline and dried with paper points.
Next a 37% phosphoricacidgeévas appl i ed for 15 seconds accorl
recommendations to selectively remove the enamel smeaiittayeter to create
micromechanical retention for the better adherence of the restorative materials.(18) The access
site was rinsed thoroughly with saline then blotted with a paper point and left moist. A thin layer
of primef° wasplaced on the enamelcdentin and gently dried with a hair dryer for 5 seconds
in order to assure an dilee air source. A thin layer of adhesRas then placed and then light
cured for 10 seconds. The final compoSitesinwas applied in two separate twuillimeter
layers and each light cur&dor 40 seconds. No more than two millimeters of composite was
placed at one time to ensure adequate light penetration for curing. The margin was examined to
ensure proper fill and the restoration was contoured with a white $ut®, smoothed with a
finishing dis¢ and then polished using composite polishing mat&tishe final layer of
sealant’ was then applied to ensure a marginal seal and prevent microleakage. A radiograph was
taken to confirm an adequate final reat@nand document extraction of tooth 2@3gure 6)



The mouth was rinsed with the air/water syringe and a digital image taken of the final restoration

and extraction site.(Figure 7) Ketoprof®{9 mg SQ) was administered for pain contfd£°

Ketoprofed™ is approved for use in Europe and Canada (19) and has proven to be effective for

postoperative pain relief? 2!
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(Figure 9
The final radiograph shows complete obturatibthe canal and
good access site restoration.

(Figure 7)
The finalrestoration of tooth 104 and the surgicaraation site
for tooth 203 and its fractured fragment are pictured here.



Post-Operative Care:

The patient was placed on a blanket in recovery and carefully monitored. At the first sign of
swallowing the endotracheal tubeas deflated and removed. The patient was monitored until
sternal recumbency was achieved. Prior to discharge, the IV cAthaseremoved and a light
pressure bandage placed over the catheter site to aid in hemostasjzoféat” was dispensed
in a flavored oral suspension with instructions to give 4.5 mg every tviemtyours for three
days starting twentfour hours posbperative *° ?° The owners were instructed to discontinue

administration if vomiting occurred.

Long Term Follow Up:
An appointment was made for two weeks posto examine the extraction and restoration
sites. The day following discharge the owner was contacted by phone for-tgldlowhe patient
had eaten the evening of the surgery mamgroblems were detected.
The patient returned for a tweeek follow up examination. Complete healing of the
extraction site was present with no change in the restoration. An appointment was made for six
months later for radiographic evaluatiofthe root canal procedure. A toothpaSteas
di spensed and the owner was instructed to bru
The patient returned six months posigiive Radiography showed no changes associated
with the root cangbrocedure. An appointment was made for twelve mgmbissoperativéor
radiographic evaluation of the root canal procedure and complete dental prophylaxis. The
appointment was delayed to seventeeonths postogrativeper owner request. Radiography
shovedno evidence of periapical pattogy. (Figure 8) No clinical signs were noted by the
owner. There were no gross changes visible on either@ie maxillary right third incisor
(103)had a mobility index of tw8. Radiographs revealetstage 10 figture just coronal to the
alveolar crest. Extraction was performed in a manner similar to that described for tooth 203.
Postoperative radiographs documented complete extracdigmgivitis index of |, a calculus
index of I, and a plaque index of was observed and recorded. Again a complete
supragingival and subgingival scalthgas performed. An appointment was made for one year
to repeat the prophylaxis and radiography of 104 to confirm the success of the procedure.

Radiographs taken fifteen mihs postoperative showed no evidence of root pathology.



(Figure 8)
A radiograph was taken fifteenonths following the initial root
canal therapy. No abnormalities were seen.

Discussion:

Historically attempts to use steel files with engine driven rotary instruments for root canal
instrumentation have faile®® The introduction of NickeTitanium (NiTi) files haveed to the
development of safe and effective rotary file syst&hisiTi provides the flexibility needed to
maneuver curved canals without causing file stress leading to fractiite flexibility also
provides safety from the possibility of canal watrations which were problems previou¥ly.

The use of engine driven systems generally requires hand instrumentation to complete the
apical canal preparation due to lack of adequate file'8ize engine driven rotary system used
in this case &s been shown to be the only system to provide file sizes that can properly prep the
apical canal in teeth with slightly curved root canl€omparisons show apical preparations
whose diameters exceed that achievable with hand instrumentatiorf’akaheantages over
hand instrumentation include better canal sHafg, 2* less transportatiotf, %, ?*and cleaner
canals® Engine driven rotary instrumentation is not without problems. File separation is still an
issue®2*% However with carefl attention to manufacturers recommendati$hand
familiarization with the equipment and technique used (24) instrument fracture can be

minimized.'® %



Postoperative radiograp of extraction sites ardeal. Radiographs of the mandibular

extraction sites were not taken due to neglect stemming from time issues and not lack of intent.

In retrospect, thouglshould beconcentrateénd time takemo complete radiography of

extraction sites.
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