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Management of failed stainless
steel implants in the
oromaxillofacial region of dogs
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Management of complications of fracture fixation in the oromaxillofacial (OMF)
region may present a diagnostic and therapeutic challenge. While titanium
and stainless steel implants have been utilized in successful fracture fixation
in the OMF region, the use of titanium implants is preferred due to the superior
intrinsic properties of titanium. Nonetheless, stainless steel materials are still
used due to their availability and familiarity. In the present methods report, we
describe our approach to the management of failed stainless steel plates and
screws used to treat traumatic injuries in the OMF region. Furthermore, we
exemplify our approach with five dogs that exhibited complications of stainless
steel implants in the OMF region and their subsequent management. In those
cases, all failed implants were removed. Reconstruction with a combination of
recombinant human bone morphogenetic protein-2 (rhBMP-2) and titanium
implants was utilized in two cases while a mandibulectomy was performed
in one case. Three cases required removal of the stainless-steel implant with
no additional surgical therapy. We conclude that the success of treatment
of failed stainless steel implants depends on the use of advanced imaging
findings, appropriate antimicrobial therapy, as well as potentially regenerative
reconstructive surgery.

KEYWORDS

plate exposure, osteomyelitis, infection, malocclusion, reconstruction, rh-bone
morphogenetic protein-2, titanium, stainless steel

Introduction

Fractures of the oromaxillofacial (OMF) region present distinct challenges for precise
diagnosis and proper fixation techniques given the unique anatomic characteristics of
the skull. Maxillofacial fractures result in substantial pain, compromised function, and
disfigurement. The most common causes of maxillofacial trauma in the dog include
animal bites, vehicular accidents, and blunt force trauma but many result from an
unknown etiology (1). The most common locations in the OMF region that are subject
to fracture include the maxillary bone and mandibular body (1-3).

Open reduction and internal fixation (ORIF) is one method of fracture fixation in
the OMF region and involves the placement of metallic plates and screws to stabilize
the fracture fragments. Factors such as fracture morphology, dog anatomy, capacity for
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healing, and choice of materials play a role in the success or
failure of ORIF (4, 5). Hardware for rigid fixation is available
in two principal materials: stainless steel and titanium. For
fractures of the OMF region, titanium plates and screws are
preferred as they offer superior biocompatibility, corrosion
resistance, and osteointegration compared with stainless steel
(6, 7). The titanium also has an elastic modulus closer to that
of bone and is less likely to result in stress shielding of a
fracture (8). Furthermore, in the mandible, there is relatively
thin soft-tissue coverage over the bone, and erosion of the
mucosa overlying stainless steel plates has been documented in
mandibular fixation in dogs (9). Results of studies comparing
infection resistance between titanium and stainless steel in areas
other than the OMF region have been mixed with some studies
showing superior infection resistance of titanium and others
showing no significant difference between the two materials (10—
12). Titanium plates can be manufactured as a lower profile
miniplate system that still offers relatively high strength per unit
of material weight (8). Nonetheless, it appears that stainless steel
plates are still used in OMF fracture fixation in the veterinary
setting likely due to the lower cost and wider familiarity of
stainless steel materials (7).

Improper use of techniques for OMF fracture fixation
may result in fixation failure, non-union, malunion, infection,
and implant exposure. Currently, there are no universally
accepted human or veterinary protocols for the treatment of
exposed hardware in the OMF region. However, in dogs, it
is recommended that if the dog is reporting symptoms or
displaying signs such as tenderness or pain of the region
of injury, fracture instability, fever, or signs of systemic
inflammation the infected implant should be removed. Infected
tissues should then be debrided, and more effective rigid
fixation should be implemented. If the dog shows evidence
of appropriate bone healing, remains non-painful, and does
not show biochemical evidence of inflammation, then it is not
recommended to remove the implant (13, 14). These criteria as
reported in human medical studies often prove to be difficult
to apply to dogs as complications in people are typically self-
reported and follow-up is often limited in dogs.

This methods paper aims to describe the presentation,
diagnostic work-up, and management of failed stainless-steel
plates and screws that were used for OMF fracture management
and exemplify our approach with five clinical cases.

Materials and methods

Diagnostic techniques

Dogs that were presented for exposure to a stainless steel
plate following an attempt to repair a mandibular fracture
underwent pre-anesthetic complete blood count and serum
chemistry panel. Under general anesthesia, dogs were then
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imaged with either conventional computed tomography (CT)
(HiSpeed FX/i or LightSpeed16, GE Healthcare, Waukesha, WI)
and/or cone-beam computed tomography (CBCT) (NewTom
5G CBCT Scanner, NewTom, Verona, Italy). In selected cases,
a pre-contrast and post-contrast CT scan was acquired using
intravenous iopamidol (Isovue 370, Bracco Diagnostics, Monroe
Township, NJ, USA). All DICOM files from each study were
viewed using specialized software (Invivo5, Anatomage, San
Jose, CA). Each case was viewed on medical flat-grade flat panel
monitors (ASUS PB278Q 27-inch, ASUSTeK Computer Inc.,
Taipei, Taiwan).

Surgical technique

Stainless steel orthopedic plate removal was performed with
a surgical technique varying with the location of the implant.
For dogs with exposed orthopedic plates on the mandible, an
extraoral approach was used. The ventral mandible was clipped
and aseptically prepared. A skin incision was made over the
body of the affected mandible. For bilaterally affected dogs,
separate skin incisions were made to approach each mandible.
The soft tissues were bluntly and sharply dissected until the
ventral aspect of the mandible was visualized. The rostral parts
of the digastricus muscle and the facial vein were identified.
The orthopedic plate and screws were exposed and the screws
were removed using an appropriate screwdriver (i.e., depending
on the screw head type). Explanted hardware was submitted
for culture and sensitivity testing. Swabs of the surgical site
were also submitted for culture and sensitivity testing. The
surgical site was flushed copiously with 0.9% sterile saline.
Extraoral incisions are closed routinely in two layers of 4-0
, Ethicon, Somerville, NJ, USA)
and one layer of 3-0 nylon (Ethilon

poliglecaprone 25 (Monocryl
, Ethicon, Somerville, NJ,
USA). Intraoral incisions were closed in a single layer using
4-0 poliglecaprone 25 (Monocryl ™, Ethicon, Somerville, NJ,
USA). Areas of intraoral hardware exposure were debrided of
any diseased soft tissue and closed in a single layer with 4-0
, Ethicon, Somerville, NJ, USA).

Teeth in the region of the implant placement were evaluated

poligecaprone 25 (Monocryl

radiographically or by CT or CBCT for pathology such as
periodontitis, endodontal disease, or iatrogenic trauma. Affected
teeth were extracted if indicated.

Cases of non-union fractures were recommended a second
reconstructive procedure using a previously published protocol
(15). Approximately 4 weeks after failed implant removal,
pharyngotomy intubation was performed to facilitate placement
of a temporary maxillomandibular fixation (MMF). A 28-G
stainless steel wire was placed around the available maxillary
and mandibular canine teeth to fixate the maxilla and mandible
in normocclusion to act as a temporary MMF. The mandibles
were approached through two separate skin incisions using an
extraoral approach as previously described. A 2.0-mm locking
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titanium miniplate or 2.4-mm locking reconstruction plate
(Synthes® Maxillofacial, Paoli, PA) was adapted to each fracture
site while avoiding tooth root damage. The plate was then
secured to the bone with a minimum of 2 (dogs weighing
<15kg) or 3 (dogs weighing >15kg) locking 3-mm titanium
screws in each segment of the fracture. The fracture site was
then lavaged with sterile saline. Measurements of the defect were
obtained to determine the amount of compression-resistant
matrix (CRM - MasterGraft Matrix, Medtronic, Memphis, TN).
The CRM was infused with a 50% solution of recombinant
human bone morphogenetic protein-2 (thBMP-2) (Medtronic,
Memphis, TN) and soaked for 10 min. The infused CRM was
placed at the fracture site and the surrounding soft tissue
envelope was closed around the plate and CRM. The wire used
in the MMF was removed using wire-cutting forceps.

Case reports

The record database of the University of California—Davis
School of Veterinary Medicine William R. Pritchard Veterinary
Medical Teaching Hospital—was searched for stainless steel
implant failure cases in dogs presenting from 1st January 2011
to 1st January 2022. To be included for data collection, the
orthopedic implants had to be originally placed to treat a
traumatic injury in the OMF region and had follow-up surgical
treatment. Minimum diagnostic work-up included complete
blood count (CBC), serum biochemistry panel, and advanced
imaging in the form of CBCT or conventional CT. Data
including dog age at the time of presentation, sex, neuter status,
breed, and known systemic co-morbidities were recorded.
Fracture characteristics such as the mechanism of the initial
trauma, presence of periodontal disease before and after implant
failure, configuration and location of the fracture, and type
of implant used in initial fixation were recorded. Diagnostic
testing performed upon the discovery of compromised implant
including imaging and culture and sensitivity testing was
recorded. Treatments including, whether the implant was
surgically removed, types of antibiotics prescribed, type of pain
medication prescribed, and any ancillary treatments were also
recorded. Additional surgical procedures to further treat the
original injury were recorded. Follow-up, as written in the initial
record, was noted.

Case 1l

A 13-year-old male castrated Lhasa Apso weighing 8.3 kg
was presented for bilateral non-union caudal mandibular
fractures. The dog had a history of iatrogenic mandibular
fractures during a dental procedure 3 months before the
presentation. The right mandibular fracture was repaired with
a stainless steel plate and seven stainless steel screws and
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cerclage wire. The left mandibular fracture was repaired with
an orthopedic pin and cerclage wire. One month after the initial
repair, the dog demonstrated signs of severe oral pain. A recheck
examination revealed a gingival defect with bone exposure
on the right mandible in the region of the previous fracture.
Culture from the gingival defect revealed a mixed bacterial
population with susceptibility to amoxicillin/clavulanic acid.
Skull radiographs 29 days later revealed no evidence of bone
healing and the dog was referred to University of California—
Davis for further management.

On initial presentation, the dog appeared stable but
underconditioned with a cloth muzzle in place. An oral
examination revealed a mandibular drift and an open bite.
Bilateral mucogingival defects with bone exposure were
apparent with several visually absent teeth. In addition, an
oronasal fistula associated with the region of previously
extracted left maxillary second premolar tooth was noted.
Preoperative blood work demonstrated a mild neutropenia with
a regenerative left shift and a slight hypoglycemia and a mild
increase in creatine kinase.

Skull CT with and without contrast revealed bilateral
mandibular fractures at the level of the right and left mandibular
first molar tooth. The caudal aspect of the stainless steel
orthopedic plate on the right side was laterally displaced with
noticeable bone loss around the four most caudal screws. The left
mandible exhibited a metallic pin traversing both cortices of the
caudal left mandible with associated cerclage wires (Figure 1).

The dog underwent removal of all orthopedic implants on
both mandibles as described earlier. Extractions of the right
mandibular second and third premolar teeth, left mandibular
second and fourth premolar teeth, and left and right mandibular
first molar teeth were performed due to severe periodontal
disease. The culture and sensitivity of the removed implants and
bone revealed a mixed bacterial population with some species
displaying resistance to several antibiotic classes (Table 1). The
dog was discharged from the hospital on amoxicillin/clavulanic
acid (22.6 mg/kg two times a day), meloxicam (0.1 mg/kg
once a day for 5 days), tramadol (3 mg/kg two times a day
for 7-10 days), famotidine (0.6 mg/kg two times a day for 3
days), and chlorhexidine oral rinse after meals and kept in a
soft muzzle until definitive repair. Based on the results of the
culture and sensitivity tests, the antibiotic therapy was changed
to doxycycline (Table 1).

One month later, the dog returned for mandibular
reconstruction with titanium locking mini-plates and rhBMP-
2 as outlined earlier (Figure 2). The dog was hospitalized for an
additional day following surgery and discharged on meloxicam
(0.1 mg/kg once a day for 5 days), tramadol (1.6-3.2 mg/kg
three times a day for 5-7 days), amoxicillin/clavulanic acid (24.0
mg/kg two times a day for 14 days), and chlorhexidine gluconate
oral rinse (two times a day after meals). A follow-up call 7 days
after surgery revealed that the dog was recovering clinically well.
Further follow-up was performed and intraoral radiographs
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FIGURE 1
Case 1 images before definitive surgery. (A) Intraoral view of right mandibular stainless-steel plate on presentation. (B) Three-dimensional bone
algorithm CBCT rendering of ventral view of mandibles before removal of a failed implant. (C) Three-dimensional tooth algorithm CBCT
rendering of ventral view of mandibles before the removal of a failed implant. (D) Three-dimensional bone algorithm CBCT rendering of ventral
view of mandibles indicating bilateral non-union fractures.

FIGURE 2
Case 1 intraoperative and postoperative images. (A) Intraoperative image showing placement of bilateral titanium miniplates before closure.
Three-dimensional bone algorithm CBCT rendering immediately postoperatively of (B) right lateral view and (C) left lateral view of the skull after
placement of titanium miniplates.

FIGURE 3
Case 1 follow-up intraoral radiographs of (A) right and (B) left mandible 3 months post-op showing appropriate bone healing of both fracture

sites
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revealed appropriate healing of the fractures (Figure 3). The
owner reported that the dog lived for 4 more years exhibiting
a good quality of life and no observed pain or discomfort.

Case 2

An 8-year-old female spayed miniature poodle weighing
5.1 kg was presented for exposure to a stainless steel orthopedic
plate used to repair a left mandibular fracture. The initial
fracture repair occurred 3 years before adoption by the current
owner and the cause of the initial trauma was unknown. The
dog was presented to the referring veterinarian for routine
periodontal treatment and examination revealed the increased
lateral movement of the mandible with pain. Anesthetized oral
examination and radiographs revealed bone loss and a draining
tract at the site of the plate and a screw penetrating the
lingual mucosa.

On presentation, the dog appeared cardiovascularly stable.
An oral examination revealed mandibular drift to the left with
multiple missing teeth. A CBCT and intraoral radiographs
revealed an ~15-mm defect extending from the distal root of
the left mandibular third premolar tooth to the mesial aspect
of the absent left mandibular first molar tooth with evidence
of remodeling. A stainless steel plate was noted in the left
mandible with one screw apical to the mesial root of the left
mandibular third premolar tooth and two screws penetrating the
intermandibular space (Figure 4).

The dog underwent removal of the implant as previously
described. The left mandibular first, second, and third premolar
teeth and left mandibular second molar teeth were extracted.
Culture and sensitivity testing of the removed hardware revealed
bacterial species showing no resistance to common antibiotics
(Table 1). The dog was discharged from the hospital on

10.3389/fvets.2022.992730

amoxicillin/clavulanic acid (18.4 mg/kg two times a day for 7
days), buprenorphine (0.018 mg/kg three times a day for 3-
5 days), gabapentin (5 mg/kg 2-3 times a day for 5-7 days),
and amoxicillin/clavulanic acid (18.4 mg/kg two times a day for
7 days).

A recheck examination and suture removal occurred 2 weeks
later and the dog lost ~700 g (13.7% of body weight) since the
initial presentation. Mandibular drift to the left was still present
and the external surgical incision and extraction sites were
healed. A recheck CBCT scan at 6 weeks was recommended.

The owner elected to return the dog for a recheck only 4
months later and a CBCT revealed a slightly larger defect of the
left mandible. The dog was doing clinically well and had regained
the previous weight. An insufficient amount of bone was present
to pursue reconstruction with a titanium locking mini-plate and
rhBMP-2. The client elected to perform a left unilateral rostral
mandibulectomy extending from the left mandibular canine
tooth to the mandibular symphysis. Extraction of additional
teeth displaying severe periodontal disease was also performed.
The dog was discharged on meloxicam (0.08 mg/kg once a
day for 5 days) and gabapentin (5-10 mg/kg 2-3 times a
day). Recheck after 2 weeks demonstrated appropriate healing
and improved comfort. Mild mandibular drift to the left was
persistent as well as mild attrition of the right maxillary canine
tooth and right mandibular canine tooth.

Case 3

A 10-month-old intact male pug weighing 7.2kg was
presented for evaluation of a failed repair of bilateral mandibular
fractures. Three weeks before presentation, the dog was attacked
by a larger dog and sustained bilateral mandibular fractures.
Following CT evaluation, the left mandible was repaired with
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FIGURE 4

Case 2 images before definitive surgical treatment. (A) Intraoperative image showing an approach to left mandible revealing stainless steel plate
with loose screws. (B) Three-dimensional bone algorithm CBCT rendering of ventral view of mandibles before removal of a failed implant. (C)
Three-dimensional tooth algorithm CBCT rendering of ventral view of mandibles before removal of a failed implant.
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a stainless steel orthopedic plate. During the initial surgery,
a portion of the drill bit broke off and was later located
on radiographs within the mandibular canal of the caudal
fracture segment. The right mandibular fracture appeared
comminuted and rigid fixation was not attempted on the right
side. The teeth associated with the fracture were extracted
and a circummandibular cerclage wire was placed. On follow-
up examinations, the dog appeared painful and the mandible
appeared unstable.

Upon presentation, the dog appeared stable but mildly
dehydrated. The dog had a previously placed percutaneous
endoscopic gastrostomy (PEG) tube in place. An oral
examination revealed intraoral left mandibular bone and a
stainless-steel implant exposure. A preoperative CBCT showed
a left caudal mandibular fracture with an overlying fractured
metallic plate as well as a comminuted fracture of the right
mandible and the junction of the body and ramus. Additionally,
there was a complete fracture through the neck of the left
mandibular condylar process and a parasymphyseal fracture
extending through the alveolar bone of the left mandibular
canine tooth. The dog underwent removal of the left mandibular
plate using the approach and techniques described earlier. The
previous circummandibular wire appeared to be loose and
was replaced. The left mandibular third and fourth premolar
teeth and right mandibular first and third molar teeth were
extracted due to severe periodontal disease. A postoperative
radiograph revealed complete removal of the implants and the
absence of the reported drill bit fragment. Postoperative CBCT
demonstrated appropriate removal of the bone plate and screws.

The dog was discharged from the hospital on meloxicam
(0.09 mg/kg via PEG tube once a day for 10 days), gabapentin
(5-10 mg/kg via PEG tube two times a day for 5-7 days),
Tramadol (3.5-7 mg/kg via PEG tube two times a day),
amoxicillin/clavulanic acid (17.3 mg/kg two times a day for
14 days), and trazodone (3.5-7 mg/kg two times a day). The
owners were instructed to keep the dog in a soft muzzle and
Elizabethan collar.

At the 1-week recheck, the intraoral surgical site over the
left mandible exhibited dehiscence and the area was left for
second intention healing. A culture swab of the exposed area
was obtained and the dog was then placed on clindamycin (10.4
mg/kg once a day) and chlorhexidine gluconate mouthwash
two times a day. Aerobic and anaerobic culture and sensitivity
testing revealed a mixed bacterial population including E. coli
that showed resistance to multiple antimicrobial drugs (Table 1).
The dog was continued on clindamycin.

The dog returned approximately 4 weeks after the initial
presentation for the repair of the fractures using rigid fixation
of the left and right mandibles via titanium locking miniplates
with rthBMP-2 placement. At the 2-week recheck, the dog
appeared to be doing well with no signs of complications. At
the 5-week recheck, the dog exhibited infection and dehiscence
of the left mandibular surgical site with purulent discharge.
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Skull radiographs revealed evidence of screw loosening as
characterized by lucency around one of the screws and
two other screws no longer flush with the plate. The left
mandibular titanium plate was removed with the screws and
boney sequestra. Unhealthy bone was debrided. Screws and
bony sequestra were submitted for culture and sensitivity
testing which revealed a multidrug-resistant E. coli and also
Enterococcus faecalis that was susceptible to most antibiotics
(Table 1). The dog was prescribed meloxicam (0.1 mg/kg once
a day for 10 days), gabapentin (5.5-10 mg/kg two times a day),
tramadol (3.3-6.6 mg/kg two times a day), enrofloxacin (9.3
mg/kg once a day for 28 days), and metronidazole (10.2 mg/kg
two times a day for 28 days). Following culture and sensitivity
results, amoxicillin/clavulanic acid (13.7 mg/kg two times a day
for 42 days) was added, and metronidazole was discontinued.

The dog was presented 3 weeks after the removal
of the left mandibular titanium implant. Recheck CBCT
revealed a widening fracture gap of the left mandible (20 mm
compared with 15 mm previously). Clinically, the dog appeared
comfortable and functionally was doing well. The right mandible
appeared similar to previous imaging with no complete osseous
bridging. The amoxicillin/clavulanic acid and enrofloxacin were
continued as previously prescribed. Further follow-up was
performed elsewhere. Dental radiographs revealed a stable
right mandibular fracture repair. Additionally, the dog showed
evidence of an atrophic non-union of the left mandible. No
additional surgical therapy thus far has been pursued for the
mandibular fracture.

Case 4

A 5-year-old spayed female Boston terrier dog weighing
8.9kg was presented for mandibular plate exposure. Four
months before the presentation, the dog underwent surgical
repair of a left caudal mandibular fracture due to a dog bite.
Subsequent recheck appointments with referring veterinarian
noted malodorous oral discharge and a draining tract in
the region of the fracture repair site. Aerobic and anaerobic
cultures revealed a mixed bacterial population and the dog was
prescribed clindamycin and amoxicillin/clavulanic acid. The dog
had no other known systemic diseases at the time of diagnosis.

On presentation to the referral service, the dog appeared
cardiovascularly stable. An oral examination revealed an
exposed stainless steel plate of the left caudal mandible without
palpable mandibular instability. A CBCT showed a non-
displaced fracture of the left caudal mandible extending from the
left mandibular first molar tooth to the angle of the mandible
with incomplete osseous bridging. The metallic plate bridging
the fracture gap remained in place with the most rostral screw
traversing the mesial root of the left mandibular first molar
tooth and the third screw contacting the distal root of the left
mandibular first molar tooth. The most caudal screw appeared to
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be placed below the ventral aspect of the left mandible. Moderate
generalized vertical and horizontal bone loss was associated with
the remaining dentition.

The dog underwent removal of the left mandibular plate
and screws using the methods described earlier. The left
mandibular first molar tooth was extracted due to iatrogenic
damage from the previously placed screws. Six other teeth were
extracted due to severe periodontitis and external inflammatory
resorption. Culture and sensitivity testing of the plate and screws
revealed a mixed bacterial population displaying resistance to
multiple antibiotic classes ( ). The dog was prescribed
amoxicillin/clavulanic acid (14.2 mg/kg two times a day for 14
days), carprofen (1.4 mg/kg two times a day for 5-7 days), and
gabapentin (11.3 mg/kg two times a day).

The dog was presented at the 1-week recheck and appeared
clinically normal with appropriately healing surgical sites.

10.3389/fvets.2022.992730

After receiving the results of the culture and sensitivity
testing, the amoxicillin/clavulanic acid was discontinued and
chloramphenicol (28.4 mg/kg PO three times a day for 14 days)
was started. The dog exhibited appropriate occlusion for the
breed, good healing of the surgical site, and continued to do well
at the 2-week recheck.

Case 5

A 9-year-old spayed female American Eskimo dog weighing
6.2kg was presented for left mandibular stainless steel plate
exposure. Approximately 1.5 years earlier, the dog underwent
surgical repair of a left mandibular fracture due to a dog
bite. During a routine periodontal treatment with the referring
veterinarian, the plate was noted to be exposed. The client had

FIGURE 5

Case 5 images before and after implant removal. (A) Preoperative image showing intraoral left mandibular stainless steel plate exposure
Three-dimensional bone algorithm CBCT rendering of (B) ventral view and (C) left lateral view of skull before removal of the exposed implant.
(D) Three-dimensional bone algorithm CBCT rendering of the left lateral view of the skull at 6 weeks after implant removal.
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TABLE 1 Summary of antibiotic culture results, susceptibility testing, and initial and final antibiotic therapy.

Case number Bacterial isolates Resistance

Initial antibiotic therapy Final antibiotic therapy

1 Enterobacter cloacae Amoxicillin-clavulanate
Ampicillin

Cefazolin Cefpodoxime
Cephalexin
Actinobacter spp. Cefazolin
Enterococcus faecium Amoxicillin-clavulanate
Erythromycin
Penicillin

Rifampin

Escherichia coli

2 Pasteurella canis
3 Escherichia coli Amoxicillin-clavulanate
Ampicillin
Cefazolin
Cefpodoxime
Cephalexin
Enterococcus faecalis™ Erythromycin
Rifampin
4 Escherichia coli Ampicillin
Enterococcus spp. Amoxicillin-clavulanate,
Ampicillin, Penicillin,
Erythromycin
Staphylococcus spp. Amoxicillin-clavulanate,

Ampicillin, Cefazolin, Cefovecin,

Cefpodoxime, Cephalothin,

Imipenem, Oxacillin, Penicillin

Pseudomonas aeruginosa

5 Neisseria spp. Cefazolin

Amoxicillin clavulanate, Cefazolin

Amoxicillin-clavulanate Amoxicillin- clavulanate

Doxycycline

Amoxicillin-clavulanate
Amoxicillin-clavulanate Clindamycin
Clindamycin Metronidazole
Enrofloxacin

Amoxicillin-clavulanate™

Amoxicillin-clavulanate Chloramphenicol

Amoxicillin-clavulanate Amoxicillin-clavulanate
Marbofloxacin

Doxycyline

Amoxicillin-clavulanate Amoxicllin-clavulanate

T Antibiotics added after re-check revealed symptomatic titanium plate exposure.
" Bacteria isolated from a second culture obtained during recheck.
* Antibiotic added after results of second culture and sensitivity testing were available.

not noticed any overt pain but the dog seemed to be more careful
when eating food.

The dog was cardiovascularly stable on a general physical
exam. An oral examination revealed a stainless steel plate visible
intraorally along the lateral aspect of the left mandible. The
mandible felt stable on palpation. CBCT scan revealed that the
plate was present along the lateral aspect of the left mandible
and horizontal and vertical bone loss was associated with the left
mandibular first, second, and third molar teeth. The margins of
the previous fracture were ill-defined with evidence of osseous
bridging (Figures 5A-C). A periapical lucency was associated
with the mesial root of the left mandibular first molar tooth.

The dog underwent removal of the left mandibular stainless-
steel plate using the methods described above. The left
mandibular first, second, and third molar teeth were extracted
due to periapical lucency and severe attachment loss. A culture
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swab of the stainless-steel plate submitted for aerobic and
anaerobic culture and sensitivity testing revealed a mixed
bacterial population with Neisseria spp. showing resistance to
cefazolin (Table 1). The dog was prescribed carprofen (2.0 mg/kg
two times a day for 7 days), gabapentin (8.0 mg/kg two times a
day), and amoxicillin/clavulanic acid (15.1 mg/kg two times a
day for 42 days). The dog was also placed in a soft nylon muzzle
for 2 weeks postoperatively.

At the 2-week recheck, the dog appeared to be eating
and drinking normally and comfortably. The surgical sites
appeared appropriately healed and the muzzle was removed.
At the 6-week recheck, the dog underwent a recheck CBCT
(Figure 5D). The dog exhibited mild drifting of the mandible to
the right, without causing soft tissue trauma, but the mandible
was palpably stable. The previous fracture site exhibited
further remodeling including filling of the previous screw holes

frontiersin.org


https://doi.org/10.3389/fvets.2022.992730
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Evenhuis et al.

and emptying alveoli with new bone. No further treatment
was recommended.

Discussion

In this methods paper, we describe our approach to the
management of failed stainless steel implants in the OMF region
and exemplify with reports on our experience with 5 dogs.
We demonstrated that exposed stainless steel implants in the
OMEF region require a step-wise approach that begins with
clinical evaluation, advanced diagnostic imaging, and surgical
management to restore dog comfort and function. Affected
dogs typically present with evidence of oral pain and infection,
delayed or lack of healing, and/or inability to prehend food.
Removal of exposed and infected implants is required as well
as obtaining diagnostic samples for culture and sensitivity
to inform precise antibiotic therapy. For chronic non-union
fractures, reconstruction using a titanium locking miniplate
together with rhBMP-2 infused on CRM may be considered. If
there is evidence of appropriate bone healing with no deficits in
the ability of the dog to eat and drink unassisted, removal of the
exposed implant and antibiotic therapy may suffice.

While it is difficult to assert the cause of stainless steel
implant failure in these cases, proper surgical technique and
choice of materials may prevent undue consequences. Previous
studies in human and veterinary medicine have explored the
use of stainless steel implants in the OMF region. While both
materials have been successful in the treatment of fractures in
the OMF region, titanium plates were demonstrated to be more
corrosion resistant (16). Additionally, in one study, two-third of
dogs exhibited erosion of intraoral soft tissue covering a stainless
steel plate and 61% of stainless steel screws caused trauma
to adjacent teeth with the use of stainless steel ORIF systems
following experimental osteotomy (9). Similar complications
such as implant exposure and trauma to adjacent teeth have been
reported with the utilization of titanium maxillofacial plates
and rh-BMP following oral mass resection or facial trauma. In
some cases, exposed titanium implants required removal and in
other cases removal of the implant was avoided (17, 18). One
case report observed implant exposure, sequestrum formation,
implant breakage, and impaction of a permanent tooth when
titanium maxillofacial plates were used to treat mandibular
fractures in a juvenile dog (19). In Case 3, the removal of
a titanium miniplate was performed following the dehiscence
of overlying soft tissue. It is unknown how material choice
contributed implant failure in Case 3 but mechanisms of failure
are likely multifactorial and may include implant choice, surgical
technique, aftercare, patient biomechanics, and the anatomic
changes from the previous surgery. Therefore, titanium implants
used in the maxillofacial region may be subject to similar
complications to stainless steel materials although rates of
complications have not been reported in veterinary species at
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this juncture. Nonetheless, titanium implants offer superior
biocompatibility and osteointegration and are manufactured in
low-profile systems that are ideal for the OMF region (6, 7, 16).

Titanium implants have a rough microsurface that supports
direct osteointegration when compared with the electropolished
stainless steel (EPSS) that is most commonly used in orthopedic
implants. Furthermore, titanium owes its superior corrosion
resistance to the formation of a thicker metal oxide layer
(5-6nm) compared with EPSS (2-3nm). Additionally, the
equilibrium of a titanium oxide layer is more quickly re-
established when it is disrupted compared with a chromium
oxide layer. The titanium also has a lower modulus of elasticity
when compared with EPSS and its modulus of elasticity is closer
to that of bone (7). While a lower modulus of elasticity may
not be advantageous in weight-bearing bones, our experience
demonstrates that it is acceptable in the maxillofacial region
where structures are subject to comparatively lighter loads and
may allow for enough load bearing of native bone to facilitate
normal bone healing. We can comfortably say that in this
case series, all of the plates used for initial fracture fixation
were stainless steel plates from various manufacturers, and it is
possible that the plate macrostructure contributed to impaired
healing (20, 21).

The placement location of the implant and screws are also
an important factor in the success of fracture fixation. For
example, two out of five cases presented here demonstrated
trauma to adjacent teeth due to screw placement. Trauma
to the adjacent tooth roots may result in pulpitis and pulp
necrosis, which can progress to the formation of periapical
pathology and periodontal disease as noted in the above
cases. Ultimately, this may compromise rigid fixation, healing,
and comfort. Prospective studies comparing outcomes of
titanium vs. stainless steel materials are required to truly
examine how differences in materials translate to differences
in outcomes. Although no formal studies have been conducted
in veterinary medicine to compare the use of stainless steel
and titanium materials, titanium is the preferred metal for
the treatment of maxillofacial injuries in human patients due
to its biocompatibility, osteointegration, and biomechanical
properties (22, 23). The mechanism of implant failure in these
cases is likely multifactorial and may represent the culmination
of choice of surgical materials, surgical technique, fracture
morphology, and aftercare (5).

Dogs in this report underwent variable surgical therapy,
ranging from removal of the exposed implant with no additional
surgical therapy to the reconstruction of non-union fractures
with a locking titanium miniplate combined with rhBMP-
2 infused on a CRM. Two dogs required removal of the
implant and extraction of diseased teeth as the main surgical
intervention. No additional fixation was required as enough
bone healing had occurred to stabilize the fracture fragments.
However, it is possible that if inflammation was not treated
and bone loss progressed, bone healing would have eventually
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been compromised. The decision to proceed with the usage
of a titanium plate with or without thBMP-2 is dependent on
subsequent progress examination and re-imaging. If the patient
exhibits evidence of fracture fragment stability and pain-free
function, additional surgical procedures may not be necessary.
One dog underwent a unilateral rostral mandibulectomy in
response to continued osteomyelitis, bone resorption, and
mandibular non-union. For this dog, insufficient bone remained
to place a titanium plate and thBMP-2. The mandibulectomy
surgery served to debride infected bone associated with the
previous fixation.

Reconstruction techniques using rhBMP-2 as used in Case 1
and Case 3 are indicated in dogs that have a chronic (>6 weeks)
critical size defect (i.e., 15mm without intact periosteum or a
bone defect that is unlikely to heal during the patient lifetime)
that is showing no evidence of healing and has associated
malocclusion (15). For mandibular reconstruction using the
reported technique, dogs should have enough bone remaining
to allow the placement of a minimum of two locking screws on
each side of the bone fragment (15, 17). Regenerative techniques
as described in the current manuscript are not ideal in dogs that
have a stable bone callus with incomplete healing or in dogs with
concern of pathologic fracture due to an underlying neoplastic
process. The need for repeated anesthetic episodes in the context
of dog co-morbidities, owner compliance, and the likelihood of
follow-up should also be considered during case selection.

Removal of the exposed and failed implants is the most
essential step in allowing the bone and soft tissue to heal. In
addition, obtaining culture and sensitivity in conjunction with
implant removal is recommended as was performed in all cases
in this report. All but one case exhibited bacterial species with
resistance to at least one antibiotic class which underscores the
importance of culture and sensitivity testing. However, culture
and sensitivity testing should be evaluated critically in the
context of the dogs response to therapy as an escalation of
therapy may not be warranted if the dog is responding well.
Ultimately, the antibiotic choice should be efficacious, targeted,
and adhere to the principles of antimicrobial stewardship so
as not to precipitate further antibiotic resistance (24). Local
therapy including chlorhexidine gluconate rinse may also be
a sensible addition to a postoperative regimen. However,
resistance to chlorhexidine local therapy in the oral cavity is
a rising concern in human and veterinary dentistry (25). In
the above cases, the influence of culture and sensitivity testing
and subsequent antibiotic choice on the outcome is difficult
to assess without controlled studies. Nonetheless, addressing
the underlying mechanisms of abnormal bacterial colonization
(i.e, the non-healing injury and/or exposed hardware) are
paramount as infection will not resolve with systemic antibiotic
administration alone.

In this case series, we outline the medical and surgical
management stainless ~ steel and

of exposed implants
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demonstrate our experience in five cases. Stainless steel
implant complications can present in a variety of forms and
thus treatment may vary greatly. Removal of the compromised
implant is recommended as the material properties of stainless
steel and the configuration of the implant likely contributed to
complications (5). Reconstruction of non-healing defects with
rhBMP-2 may be pursued, but case selection must be precise
to increase the chance of success. Finally, antibiotic choice and
follow-up including repeat CT are recommended to ensure
proper healing and return to function.
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