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Introduction:

Crown fractures that result in pulp exposure occur commonly in veterinary practice. Patients
with fractured teeth may be asymptomatic *, or 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 face, excessive licking and sneezing 2 Therapy 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 these goals. When the
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 tooth loss are possible * 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 a semi-solid material
followed by access restoration. * 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 evaluated. ® The experienced clinician can then make decisions based 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 veterinarians for this
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 ten-year old 4.5 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 performed at age

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 11, and a plague index of I.° A
Stage 4 Class 6 fracture of tooth 104 was present.” The 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 between the maxillary left third incisor (203)
and the maxillary left second incisor (202). Abnormal gingiva can be
seen mesial to tooth 203.

Pre-anesthetic testing included 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,
capillary refill time, pulse and chest auscultation were all within normal limits.

Butorphanol® (1.25 mg IM) was given thirty minutes pre-operatively to aid in pre-emptive and
postoperative pain relief. A twenty-two gauge intravenous catheter® was placed in the right
medial saphenous vein. General anesthesia was induced with ketamine® (22 mg 1V) and valium®
(0.9 mg 1V). The patient was intubated with a 4.0 mm cuffed endotracheal tube’ and the cuff was
inflated gently. The animal was maintained with isoflurane® (2.0-2.5%) and oxygen (2.5 L/min)
using a semi-closed anesthetic delivery system." The patient was placed on a water-circulated
heating pad' and was connected to leads for EKG® monitoring. A warmed balanced electrolyte
solution’ was administered at 10 ml/kg/hr. Temperature, respiration, pulse and capillary refill
time were regularly obtained and recorded by a monitoring technician.

A complete oral examination was performed and abnormalities were noted on the dental
chart. In addition to the changes discovered during the initial oral examination tooth 203 had a
mobility index of two. A periodontal probe* was used to explore the gingiva mesial to tooth 203
revealing a tooth fragment from the buccal aspect of tooth 203. A four millimeter periodontal
pocket was present on the lingual aspect of tooth 203. A dental explorer® could 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 non-vital pulp. The mandibular left first (301) and second
(302) incisors had mobility index of two. ® The mandibular left first molar (309) had three mm
of gingival recession associated with the mesial root. No periodontal pocket or gingivitis was
present.

The oral cavity was thoroughly rinsed with 0.12 % chlorhexidine' solution to decrease the
bacterial load thus protecting the operator, patient and environment from aerosolized bacteria
during cleaning. Complete supragingival and subgingival scaling™ was performed to aid in
elimination of existing plaque and calculus and to decrease the bacterial load in the oral cavity
prior to likely extraction of teeth 203, 301 and 302 and extraction or endodontics of tooth 104.
The teeth were polished using a disposable prophy angle" on a slow speed hand-piece® and
polishing paste®. The oral cavity was rinsed thoroughly with saline followed again by 0.12 %
chlorhexidine' solution.

Dental radiographs® were obtained of the affected areas using the bisecting angle

technique.(Figure 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 portion of the root fragment.
The lucency was superimposed over the roots of teeth 202 and 203. Complete stage 10 fractures

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

(Figure 2)
The fractured 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 patient had a fracture with pulp exposure of tooth 104 and a
fracture of tooth 203 with a radiographic lucency surrounding a fragment from this tooth. Root

fractures were also present in teeth 301 and 302.

Treatment Plan:

The treatment plan included root canal therapy of tooth 104 and extraction of teeth 203, 301
and 302 and their fractured fragments. The radiographic lucency surrounding tooth 203 would
be explored and debrided with the aid of a gingival flap. A gingival 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 bupivicaine" (1.25 mg) using a tuberculin syringe and a 25 gauge 1 inch needle® at
the entrance 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 performed using the dosage and
technique just described. A 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 described. In order to thoroughly debride the radiographically lucent region
associated with the fragment of tooth 203 a 15 Bard Parker blade' mounted on a No. 7 scalpel
handle" was used to make an incision starting at the line angle of the distal aspect of tooth 202
extending five millimeters into the diastema between tooth 203 and the maxillary left canine
tooth (204). From this point a six-millimeter long divergent 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 forcep"”. Granulation tissue was debrided with a
surgical curette® The gingiva was sutured in a simple interrupted pattern using Mayo Hagar
needle holders’ and 5-0 Monocryl® with a P-3 cutting needle.”

The extraction of teeth 301 and 302 were begun following extraction of tooth 203. A 15 Bard
Parker blade' mounted on a No. 7 scalpel handle" was used to make an incision starting at the
mesial line angle of tooth 401 extending to the mesial line angle of tooth 301. From this point a
five-millimeter long divergent releasing incision was made. An EX-9" periosteal elevator was
used to reflect the flap apically. Teeth 301 and 302 and their fractured fragments were extracted
with a root forcep”. The gingiva was sutured as previously described.

The area surrounding 104 was again thoroughly rinsed with 0.12 % chlorhexidine' solution. A
sterile surgical glove® was used as a dental dam to protect the surrounding oral tissue from the
caustic compounds used during the endodontic procedure, to increase visibility and to aid in
maintaining a clean surgical field.® Sterile surgical gloves®™ were worn by the operator.

The crown of tooth 104 was reduced to remove unsound tooth structure, to improve visibility
and to eliminate the possibility of debris carriage into the canal during the procedure.® Removal

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



size 15 Hedstrom (H) file® was compared to a radiograph to 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 canal. *° The file was placed in
the canal and advanced to the endodontic 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 ISO size 15 file to facilitate the
introduction of subsequent files. ** This was chosen over a Gates-Glidden 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 I1SO size 15 H file. When the file fit easily to working
length the canal was lavaged with 1% sodium hypochlorite.” Higher concentrations have been
used in human dentistry however they do not enhance the elimination of bacteria over the 1%
concentration and are more detrimental to tissue. ** Subsequent instrumentation was completed
using a cordless mechanical handpiece™ and nickel-titanium rotary files,*® according to

manufacturer’s recommendations starting with ISO size 20.



Each file was coated with an endodontic chelating agent™ prior 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 each. *3

Completion of filing with each size 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 1SO 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 40. This file is termed the
Master Apical Rotary (MAR). Starting with an 1SO size 42 Y file a one, two, three and four
millimeter step-back technique was used to complete the apical preparation using sequentially
larger file sizes at four to eight pecks each.. The midroot instrumentation was completed in a
similar manner until an 1SO size 70 file naturally stepped back into the flared coronal portion of
the canal. At this point the canal was recapitulated using an I1SO size 40 file to ensure no debris
was retained at the apex and complete debridement was achieved.** The canal was flushed again
with 1% sodium hypochlorite.* followed by thorough lavage with sterile saline. The canal was
then dried with sterile paper points.®¢ A size 40 gutta percha point™ was grasped with college
pliers" nineteen millimeters from its apex and sterilized by immersing it in 5.25% sodium
hypochlorite® for one minute. **> A trial placement of the master gutta percha cone into the canal
demonstrated tug-back 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 gutta percha 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 technique. *°



(Figure 4)
The master gutta percha cone is placed following final canal
preparation to confirm tug-back and radiographically good
canal accommaodation from crown to apex.

Following radiographic confirmation of adequate fit the master gutta percha cone was used to
fill the canal with sealant). To mix the sealant, equal volume units of Paste A and Paste B were
placed on a glass slab according to manufacturer’s recommendations. A metal spatula was then
used to mix the pastes to a homogeneous consistency. The master 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 canal was adequately filled as evidenced by overflow of the
sealant!. At this point the master gutta percha cone was coated again with sealant and
reintroduced into the canal to the apex again confirming adequate tug-back. A radiograph was
taken and confirmed adequate obturation. Vertical compaction of the master cone with an
endodontic pluggerwas then performed to create a dense three-dimensional obturation.

A heated endodontic spreader was 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 restoration was begun by creating an undercut in the dentin using a #330 pear shaped
bur™ to ensure mechanical retention of the composite.’” Care was taken to ensure that only
dentin was cut leaving no unsupported enamel rods that could have resulted in loss of the
restoration.'” The access site was again rinsed with sterile saline and dried with paper points.
Next a 37% phosphoric acid gel™ was applied for 15 seconds according to manufacturer’s
recommendations to selectively remove the enamel smear layer in order 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 primer® was placed on the enamel and dentin and gently dried with a hair dryer for 5 seconds
in order to assure an oil-free air source. A thin layer of adhesive™ was then placed and then light
cured™ for 10 seconds. The final composite™ resin was applied in two separate two-millimeter
layers and each light cured® for 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 stone bur®, smoothed with a

IUU

finishing disc" and then polished using composite polishing material.™ The final layer of
sealant” was then applied to ensure a marginal seal and prevent microleakage. A radiograph was

taken to confirm an adequate final restoration and document extraction of tooth 203.(Figure 6)



The mouth was rinsed with the air/water syringe and a digital image taken of the final restoration
and extraction site.(Figure 7) Ketoprofen"" (9 mg SQ) was administered for pain control. **°

Ketoprofen™" is approved for use in Europe and Canada (19) and has proven to be effective for
f. 1921

postoperative pain relie
EATus greme

(Figure 6)
The final radiograph shows complete obturation of the canal and
good access site restoration.

(Figure 7)
The final restoration of tooth 104 and the surgical extraction 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 tube® was deflated and removed. The patient was monitored until
sternal recumbency was achieved. Prior to discharge, the IV catheter® was removed and a light
pressure bandage placed over the catheter site to aid in hemostasis. Ketoprofen"" was dispensed
in a flavored oral suspension with instructions to give 4.5 mg every twenty-four hours for three
days starting twenty-four hours post-operative. **?° The owners were instructed to discontinue

administration if vomiting occurred.

Long Term Follow Up:

An appointment was made for two weeks post-op to examine the extraction and restoration
sites. The day following discharge the owner was contacted by phone for follow-up. The patient
had eaten the evening of the surgery and no problems were detected.

The patient returned for a two-week 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 evaluation of the root canal procedure. A toothpaste™” was
dispensed and the owner was instructed to brush the pet’s teeth daily for the life of the pet.

The patient returned six months postoperative. Radiography showed no changes associated
with the root canal procedure. An appointment was made for twelve months postoperative for
radiographic evaluation of the root canal procedure and complete dental prophylaxis. The
appointment was delayed to seventeen months postoperative per owner request. Radiography
showed no evidence of periapical pathology. (Figure 8) No clinical signs were noted by the
owner. There were no gross changes visible on either site. The maxillary right third incisor
(103) had a mobility index of two.? Radiographs revealed a stage 10 fracture just coronal to the
alveolar crest. Extraction was performed in a manner similar to that described for tooth 203.
Postoperative radiographs documented complete extraction. A gingivitis index of I, a calculus
index of 11, and a plaque index of 1 ® was observed and recorded. Again a complete
supragingival and subgingival scaling™ was 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 months postoperative showed no evidence of root pathology.



(Figure 8)
A radiograph was taken fifteen months 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 failed. *® The introduction of Nickel-Titanium (NiTi) files have led to the
development of safe and effective rotary file systems.'® NiTi provides the flexibility needed to
maneuver curved canals without causing file stress leading to fracture. *® The flexibility also
provides safety from the possibility of canal wall perforations which were problems previously.*®

The use of engine driven systems generally requires hand instrumentation to complete the
apical canal preparation due to lack of adequate file size.'® The engine driven rotary system used
in this case has been shown to be the only system to provide file sizes that can properly prep the
apical canal in teeth with slightly curved root canals. ¥ Comparisons show apical preparations
whose diameters exceed that achievable with hand instrumentation alone.?? Advantages over
hand instrumentation include better canal shape %%, 2*, 2 less transportation 2, 2, **and cleaner
canals.”? Engine driven rotary instrumentation is not without problems. File separation is still an
issue. *8242% However with careful attention to manufacturers recommendations %) and
familiarization with the equipment and technique used (24) instrument fracture can be

minimized. 823



Postoperative radiographs of extraction sites are ideal. Radiographs of the mandibular
extraction sites were not taken due to neglect stemming from time issues and not lack of intent.
In retrospect, thought should be concentrated and time taken to complete radiography of

extraction sites.
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