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Introduction
Temporomandibular joint ankylosis (TMJA) is an 
uncommon, debilitating condition reported in several 
species. It is characterized by the abnormal mobility of 
one or both temporomandibular joints (TMJs).1,2 This 
condition leads to partial or near-total inability to open 
the mouth. Veterinary patients suffering from this condi-
tion may show an interest in food but have difficulty 
with prehension. Clinical findings include weight loss, 
vocalizing or whining while trying to eat, malocclusion, 
skull malformation, halitosis and unkempt haircoat 
owing to reduced self-grooming.3–6

TMJA results from intra- (true TMJA) and extra-
articular (false TMJA or pseudoankylosis), bony, fibrous 
or fibro-osseous tissue proliferation from traumatic, 
neoplastic or degenerative processes. Diagnosis of TMJA 
is based on the patient’s history, clinical signs and 

diagnostic imaging.2,5,7,8 Although radiographic ortho-
gonal projections of the head have been used for TMJA 
diagnosis, more advanced imaging techniques such as 
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conventional CT and cone beam CT (CBCT) are currently 
considered the gold standard techniques for TMJ bone 
assessment.9–12 In humans, MRI is regarded as a gold 
standard diagnostic imaging technique for evaluating 
the articular disk and the joint surrounding soft tissue. 
Its use and clinical application in the dog and cat have 
not yet been determined.13–15

Surgical removal of the ankylotic tissue through 
condylectomy, gap arthroplasty or wide extra-articular 
osteotomy has been advocated for treating this condition 
in dogs and cats.3,16 However, these surgical techniques 
have been anecdotally associated with intraoperative 
iatrogenic complications such as severe hemorrhage, 
nerve damage and suboptimal abnormal tissue removal. 
Postoperative complications such as inability to blink, 
decreased range of motion of the mandibles and TMJA 
recurrence have also been linked to the techniques 
mentioned above.16–18

Segmental mandibulectomy was previously recom-
mended as a salvage surgical technique for patients 
suffering from TMJA.19,20 A recent study performed in 
cadaver heads of cats determined the mandibular region 
to be ectomized during a segmental mandibulectomy.21 
This research showed that caudal segmental mandibulec-
tomy (CSM), performed between the first molar tooth 
and the angle of the mandible, and middle segmental 
mandibulectomy (MSM), performed between the fourth 
premolar and first molar teeth, could be suitable 

procedures for treating patients with unilateral TMJA. 
CSM and MSM could be considered alternative surgical 
options for patients affected by unilateral TMJA as 
they are less time-consuming, less challenging from 
an anatomical standpoint and safer. As segmental 
mandibulectomies avoid the complex anatomy of the 
base of the skull and the temporomandibular region, 
we hypothesized that these techniques could decrease 
the risk of intraoperative iatrogenic trauma and post-
operative complications associated with surgical proce-
dures involving the TMJ and the base of the skull.21 
Thus, the purpose of this retrospective study was to 
evaluate the CSM and MSM applicability for the treat-
ment of unilateral TMJA in three cats and one cat with 
bilateral TMJA that underwent gap arthroplasty on one 
of the TMJs and CSM on the contralateral mandible.

Case report
Medical and diagnostic imaging records from four cats 
that underwent CSM and MSM to treat TMJA at three 
veterinary dental and oral surgery reference centers 
were retrospectively assessed. Patients that underwent 
condylectomy, gap arthroplasty or wide extra-articular 
osteotomy of the temporomandibular region as the only 
treatment were excluded from this study. Data collected 
from the records for each patient included breed, sex, 
age, physical examination findings, history and type of 
TMJA (intra- vs extra-articular) (Table 1).

Table 1 Demographic data, history and diagnosis

Cat Breed Sex Age 
(months)

Weight 
(kg)

Clinical findings
at physical examination

History Diagnosis

1 DSH MC 36 4.1 Malocclusion, severe 
gingivitis, halitosis, mandibular 
deformation, dental fractures 
and inability to open the mouth 
(RM = 10 mm approximately)

Hit by a car; left 
compressive 
temporomandibular 
fracture at 29 
months of age

Left intra-
articular TMJA

2 DSH F 10 2.5 Malocclusion, severe 
mandibular asymmetry, severe 
gingivitis and stomatitis, 
halitosis, foreign body, low 
weight, unkempt hair coat, 
inability to open the mouth 
(RM = 7 mm approximately)

Bite trauma from 
another cat at first 
month of age

Right intra- 
and extra-
articular TMJA

3 DSH M 39 3.5 Malocclusion, mandibular 
deformation, severe gingivitis, 
missing teeth, halitosis, low 
weight, unkempt hair coat, 
inability to open the mouth 
(RM = 7 mm approximately)

Unknown Bilateral TMJA

4 DSH M 8 2.8 Severe gingivitis, progressive 
inability to open the mouth  
after mandibular trauma  
(RM = 10 mm approximately)

Left caudal 
mandibular fracture

Left extra- and 
intra-articular 
TMJA

DSH = domestic shorthair; MC = male castrated; RM = range of vertical mandibular motion; TMJA = temporomandibular joint ankylosis; 
F = female; M = male
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All patients in this study underwent general anes-
thesia for both the diagnostic imaging and surgical 
procedures. Before the anesthetic events, a comprehen-
sive physical examination was performed, and com-
plete blood count and chemistry panel were obtained. 
Blood tests for the four cats were within the reference 
intervals. Physical examinations were performed by a 
board-certified dentist (cats 1 and 2) or a Brazilian veteri-
nary dental and oral surgery specialist (cats 3 and 4). 
A board-certified anesthesiologist or veterinarian with 
special interest in anesthesia established the anesthesia 
protocols according to each patient’s clinical status. Three 
cats underwent general anesthesia twice (cats 2, 3 and 4), 
first for diagnostic imaging and then for the surgical 
procedure. Owing to financial restrictions, one cat had 
the same anesthetic event for diagnostic imaging and 
surgery (cat 1). Two cats had a temporary tracheotomy 
performed as previously described in the literature for 
general anesthesia. One patient (cat 3) underwent a 
temporary tracheotomy twice, the first for the CT scan and 
the second for the surgical procedure. Table 2 summa-
rizes the anesthetic and postoperative pain-management 
protocols used in the cases of this study.

Case 1
A 36-month-old male castrated domestic shorthair 
(DSH) cat was presented to the Dentistry and Oral 
Surgery Service at the School of Veterinary Medicine of 
the University of Pennsylvania (DOSS-UPENN) for 
inability to open the mouth, halitosis and malocclusion. 
The patient had a history of motor vehicular trauma 8 
months prior to presentation to DOSS-UPENN. On 
physical examination, the maximum range of vertical 
mandibular motion was about 1 cm. The left eye was 
absent owing to previous enucleation, and skeletal 
asymmetry at the left temporomandibular region was 
noted on palpation.

CT scan, intraoral assessment and surgical proce-
dure were performed during the same anesthetic event. 
Tomographic images revealed an old comminuted mal-
union fracture of the left coronoid process and ipsilateral 
TMJ. Although bone proliferation was not observed, 
fibrous tissue was suspected (Figure 1). After confirming 
that the pathological process presented at the left TMJ 
region was consistent with TMJA, it was decided to 
perform a MSM.

MSM: intraoral approach As described in a previous 
study,21 a full-thickness mucoperiosteal flap between 
the mandibular fourth premolar and first molar teeth 
was made. Sharp dissection with periosteal elevators 
separated the gingival and mucoperiosteal tissues 
from the ventrolateral surface of the mandibular body. 
The osteotomy was accomplished with a #700L carbide 
bur in a sterile high-speed dental handpiece, cooled by Ta
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irrigation with lactated Ringer’s solution. It was started 
on the buccoventral surface and extended to the lingual 
aspect of the mandible. The rostral osteotomy was made 
at the mandibular fourth premolar’s furcation. The bone 
was cut partially around the mandibular canal to avoid 
iatrogenic trauma to the inferior alveolar neurovascular 
bundle. Minnesota and Senn tissue retractors were used 
during the osteotomy to avoid iatrogenic trauma to the 
adjacent sublingual and buccal soft tissues.

A dental elevator was inserted into the osteotomy 
line and carefully rotated to break any remaining 
bony attachments around the mandibular canal without 

causing damage to the inferior alveolar neurovascular 
bundle. Next, the bundle was ligated at the rostral aspect 
of the mandibular segment and transected. A caudal 
osteotomy was made at the distal margin of the first 
molar tooth in a similar fashion to that already described 
to expose, ligate and transect the neurovascular bundle. 
After excision of the mandibular segment, the remaining 
mesial root of the fourth premolar tooth was extracted 
using a dental elevator. Sharp edges at the osteotomy 
sites of the remaining mandible were smoothed with a 
sterile #22 round diamond bur in a high-speed hand-
piece while irrigating with lactated Ringer’s solution. 

Figure 1 (a,b) CT transversal reconstructions using bone algorithm, (c) excised anatomical specimen and (d) postoperative 
malocclusion of a 36-month-old male domestic shorthair castrated cat affected by left intra-articular temporomandibular 
joint ankylosis. (a) Misshapen left condylar process (arrowheads) and thickening of the petrous part of the temporal bone 
(asterisk). Right coronoid process (rcp). (b) Bone tissue proliferation at the left ramus of the mandible (arrowheads). Note 
how the abnormal mineralized tissue extends to the lateral skull surface (arrow). Thickened abnormal left zygomatic arch 
(asterisk). Normal right zygomatic arch (za). (c) Mandibular segment removed during the middle segmental mandibulectomy. 
Left mandibular four premolar (308) and first molar teeth (309). (d) Immediate postoperative left mandibular drift. The right 
mandibular canine tooth occludes at the hard palate mucosa
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The mucoperiosteal flap was intraorally sutured in a 
simple interrupted pattern with 4-0 absorbable mono-
filament suture material (poliglecaprone 25).

Case 2
A 10-month-old female DSH cat was presented to the 
DOSS-UPENN for inability to open the mouth, severe 

halitosis, poor body condition and mandibular deforma-
tion. The patient had sustained bite trauma from another 
cat at 2 months of age. On physical examination, the 
patient was bright and alert. Unkempt hair coat and low 
body weight (2.5 kg), severe mandibular asymmetry 
and mandibular shifting to the right were observed. 
Severe gingivitis and stomatitis were noted due to hair 

Figure 2 (a) Lateral view of the head, (b,c) CT transversal reconstructions using bone algorithm and (d) three-dimensional 
printing model of a 10-month-old female domestic shorthair cat affected by unilateral (right) intra- and extra-articular 
temporomandibular joint ankylosis (TMJA). (a) Mandibular distoclusion (arrow) and sialorrhea. (b) Right mandibular drift. 
Left mandible (Lm), mandibular symphysis (arrowhead) and palatoverted 107. (c) Irregular bone proliferation at the right 
temporomandibular joint (arrowheads). Note how the right coronoid process (rcp) is fused to the ankylotic tissue. Even though 
the left condylar process appears mildly sclerotic (cp), the joint space is still present (arrow). Zygomatic process of the 
temporal bone (asterisk). (d) Mandibular drifting and asymmetry (arrow). Note how the mandible affected by TMJA appears 
shorter (m) than the contralateral mandible
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impaction and food accumulation in the right maxillary 
and mandibular vestibular sulci. The rest of the physical 
examination was unremarkable.

CT scan images revealed a misshapen right TMJ 
with absence of the joint space and bone proliferation 
between the caudal aspect of the mandibular ramus and 
the TMJ. A three-dimensional printed model was used 
to demonstrate to the pet owner the severe mandibular 
asymmetry and malocclusion. After diagnosing right 
intra- and extra-articular TMJA, the patient underwent 
MSM using a combined buccotomy–intraoral approach 
(Figures 2 and 3).

MSM: combined buccotomy–intraoral approach A com-
bined buccotomy–intraoral approach was performed to 
expose the mandibular segment between the fourth pre-
molar and first molar teeth. For the buccotomy, the skin 
around the commissure was clipped, prepared asepti-
cally and draped, while the oral cavity was rinsed 
with 0.12% chlorhexidine solution. A rostrocaudal full-
thickness skin–oral mucosa incision from the lip com-
missure was made, followed by blunt tissue dissection. 
The rostral aspect of the masseter muscle was retracted 
to expose the portion of the mandible that would be 
removed.

The rest of the procedure, including flap design, 
osteotomy, breaking of remaining bony attachments and 
ligature of the inferior alveolar neurovascular bundle, 
was carried out as described for case 1. The intraoral 
mucoperiosteal flap was sutured to the sublingual mucosa 
with a 5-0 absorbable monofilament suture (poligle-
caprone 25) in a simple interrupted pattern. Tissue 
apposition at the commissure incision was made first 
at the oral mucosa using the same suture material and 
technique. The second- and third-layer closures were 
performed with continuous subcutaneous and subcutic-
ular suture patterns, respectively. The skin was sutured 
with 4-0 non-absorbable monofilament material (nylon) 
in a cruciate pattern.

Case 3
A 39-month-old male DSH cat presented to a veterinary 
dentistry and oral surgery referral centre in Brazil 
(Smile4pets) for evaluation of an inability to open the 
mouth and malocclusion. The patient exhibited severe 
halitosis, gingivitis, dental calculus and several missing 
teeth on physical examination. CT showed bilateral bone 
proliferation along the caudal portion of the zygomatic 
arches, coronoid processes and both TMJs. Bone prolifera-
tion was observed extending from the region of the angle 
of the left mandible to the pterygoid bone (Figure 4).

Gap arthroplasty of the right TMJ was performed as 
described in the literature,16 while wide excision at the 
left TMJ region was elected. No intra- or postoperative 
complications were reported to the gap arthroplasty 
performed on the right side. However, owing to the 

intraoperative challenge after initiating the removal of 
the abnormal tissue that extended near the left ventro-
lateral aspect of the skull, a CSM was considered as a 
subjectively safer surgical option to remove the ankylotic 
tissue at the left TMJ region. Inferior alveolar neuro-
vascular bundle laceration and Horner’s syndrome 
occurred during the intra- and postoperative periods, 
respectively. Persistent inability to blink the left eye was 
present up to 3 months postoperatively.

CSM As described in a previous study,21 after hair clip-
ping, aseptic preparation and draping of the surgical 
region, a 3.5 cm long full-thickness skin incision at the 
ventrocaudal border of the mandibular body was per-
formed. This incision allowed exposure of the ventral 
margin of the mandible between the first molar tooth 
and the rostral aspect of the mandibular foramen. The 
buccal and lingual soft tissues were raised dorsally with 
a periosteal elevator to reach the level of the gingiva.

Mandibular osteotomies were made at the first molar 
tooth furcation and the rostral aspect of the mandibular 
foramen using a #700L carbide bur in a sterile high-
speed dental handpiece irrigated with lactated Ringer’s 
solution. Breaking of remaining bony attachments and 
ligature and transection of the inferior alveolar neuro-
vascular bundle rostrally and caudally were made as 
described earlier. After excision of the mandibular 
segment, the remaining distal root of the first molar 
tooth was extracted using a dental elevator. Sharp 
edges at the osteotomy sites of the remaining mandible 
were smoothed with a sterile round diamond bur 
under irrigation.

The wound was briefly irrigated with chlorhexidine 
0.12% and then thoroughly rinsed with lactated Ringer’s 
solution. Sublingual and buccal soft tissue apposition 
was achieved with 4-0 monofilament absorbable suture 
material (poliglecaprone 25) in a simple interrupted 
suture pattern. Subcuticular continuous, subcutaneous 
continuous and cruciate suture patterns were used for 
skin apposition. The gingival tissue was intraorally 
sutured in a simple interrupted pattern with 5-0 absorb-
able monofilament suture material (poliglecaprone 25).

Case 4
Patient 4 was an 8-month-old male DSH cat diagnosed 
with left intra- and extra-articular TMJA after a previ-
ous bilateral mandibular fracture. The initial surgical 
approach at the referring veterinarian included a wire 
cerclage placed at the mandibular symphysis to treat 
a symphyseal separation and a taped muzzle to treat 
fractures at the left TMJ and right caudal mandibular 
body. While the mandibular symphysis and caudal 
portion of the right mandible had healed after 4 weeks, 
the range of mouth opening gradually decreased. The 
patient was referred after 2 months from the initial 
trauma to a veterinary dentistry and oral surgery facility 
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Figure 3 Middle segmental mandibulectomy (MSM): combined buccotomy–intraoral approach. (a) A rostrocaudal 1–2 cm 
length full-thickness skin–oral mucosa incision was made at the right labial commissure (asterisk) using a scalpel blade #15 
(dashed line), (b) followed by sharp and blunt dissection with Metzenbaum scissors of the masseter muscle (ma). (c) The 
masseter muscle is retracted to expose the portion of the mandible (m) between the fourth premolar (408) and first molar (409) 
teeth. Osteotomy was performed through the furcation area of 408 and the distal margin of 409. (d) Rotation of a dental elevator 
inside the osteotomy (asterisk) allowed separation of the remaining bony attachments, thus preserving the inferior alveolar 
neurovascular bundle. (e) Ligature and transection of the inferior alveolar neurovascular bundle (arrowhead).  
(f) The same technique as in (d) to separate the mandibular segment at its caudal margin, followed by ligature and transection  
of the neurovascular structures (arrowhead). (g) Mandibular gap after removal of the mandibular segment (dashed lines).  
(h) Immediate postoperative range of motion. The skin is sutured with non-absorbable suture material in a cruciate pattern
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Figure 4 (a) Dorsoventral head radiograph, (b–d) CT bone window multiplanar and (e) three-dimensional volumetric 
reconstructions of a 36-month-old domestic shorthair cat suffering from bilateral intra- and extra-articular temporomandibular 
joint ankylosis. (a) Abnormal bilateral condylar process conformation (asterisks) with absence of the articular space 
(arrowheads). Overlapping bone structures in the temporomandibular joint (TMJ) regions do not allow evaluation of the actual 
extent of ankylotic tissue. Right coronoid process (rcp) and maloccluded right maxillary canine tooth (104). (b) Transversal 
reconstruction at the level of the eye globe. Bilateral malformation of the rostral aspect of the mandibles. The left mandible 
(Lm) appears more dorsally positioned than the right mandible. Mandibular symphysis (arrowhead). Periodontitis and tooth 
resorption of 208 (tr-p). (c) Transversal reconstruction shows fusion between the zygomatic process of the temporal bones 
(asterisks) and the caudal surface of the ramus of the mandibles (arrows). Note the thickening of the right angular process 
(ap) and bone proliferation at the ventromedial region of the left mandible (arrowhead). (d) Right TMJ sagittal reconstruction 
showing total obliteration of the joint space (arrowheads) and absence of distinct anatomical structures of the TMJ, such as 
the mandibular head of the condylar process of the mandible and mandibular fossa and retroarticular process of the temporal 
bone (asterisk). Right coronoid process (arrow). (e) Note the irregular bone proliferation at the ventromedial aspect of the 
caudal region of the mandible (asterisk) and bilateral shortening of the mandibular bodies causing malocclusion (m)



Villamizar-Martinez et al 9

Figure 5 (a) Pre- and (b) postoperative vertical range of mandibular motion and CT transversal reconstructions using 
bone algorithm of an 8-month-old male domestic shorthair cat affected by unilateral (left) intra- and extra-articular 
temporomandibular joint ankylosis. (a) The teeth were scaled and the mouth rinsed with chlorhexidine gluconate 0.12%. 
Note the generalized gingivitis, moderate mandibular distoversion (arrow) and decreased vertical range of mandibular 
motion. (b) Postoperative vertical range of mandibular motion. (c) Irregular bone proliferation affecting the left mandibular 
ramus (arrowheads). Note the hypoattenuating irregular area (arrow) between the misshapen ramus of the mandible and the 
zygomatic process of the temporal bone (asterisk), suggesting that the bone proliferation was fractured during forceful opening 
of the mouth. The angular process of the right mandible (ap) appears projected to the lateral aspect of the ramus of the 
mandible, which could confirm the history of a caudal mandibular fracture. (d) Ankylotic tissue affects the left TMJ. Notice the 
hypoattenuating irregular space (arrow) between the mandibular fossa (asterisks) and condylar process of the mandible (cp), 
suggesting a pseudo-joint formation after forceful opening of the mouth. Right TMJ space (arrowhead)

in Brazil (Odontovet) for further evaluation, diagnostic 
imaging and surgical procedure.

CT showed a severely misshapen left TMJ with 
irregular bone proliferation, causing fusion of the caudal 
aspect of the coronoid process to the joint. Although the 
left TMJ space was present, it appeared distorted. Other 
CT abnormalities confirmed previous trauma to the 
mandibles (Figure 5). A CSM was elected, as described 
for case 3.

All cats in this case series report showed immedi-
ate postoperative ability to eat a soft diet. No assisted 
feeding was needed, such as syringe feeding or an 

esophageal tube. All cats also gained weight, recovered 
their grooming habits and the ability to bite during 
playing. Diagnostic imaging and surgical techniques, 
intra- and postoperative complications, and follow-up 
for the patients of this study are summarized in Table 3.

Discussion
The authors of the present study previously evaluated 
the feasibility of segmental mandibulectomy for the 
treatment of unilateral TMJA in a cadaver cat model.21 
Rostral segmental mandibulectomies, CSMs and MSMs 
were compared, demonstrating significantly improved 
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recovery of mouth opening when CSMs and MSMs 
were performed (90.4% and 81.9% recovery, respec-
tively) compared with only 50.4% improvement with 
rostral segmental mandibulectomy.21 To our knowledge, 
the present case series regarding the use of CSMs and 
MSMs for the treatment of unilateral TMJA is the first of 
its kind in client-owned cats.

The etiology of TMJA in dogs and cats can vary, but 
the consensus in the literature is that trauma is the lead-
ing cause.1,2,4,6,20 Young patients in particular have a ten-
dency to develop rapidly progressing unilateral or 
bilateral TMJA after trauma. This is possibly due to the 
intense healing capacity of damaged bone tissue at a 
young age, which leads to exuberant fibrous and bone 
tissue formation in the TMJ region. Surgical excision of 
the abnormal proliferative tissue has been recommended 
for TMJA treatment. However, this technique can be 
associated with intra- and postoperative complications. 
Iatrogenic trauma of neurovascular structures such as 
the maxillary artery or facial nerve branches could lead 
to severe intraoperative hemorrhage and postoperative 
neurological deficiencies, respectively.8,16,22

The immediate postoperative left-eye Horner’s syn-
drome and persistent inability to blink in case 3 could be 
associated with iatrogenic trauma during the initial 
attempt to surgically remove ankylotic tissue in the left 
TMJ region. Horner’s syndrome has previously been 
linked to damage of the efferent sympathetic nervous 
system of the eye during TMJ trauma, while damage of 
the auriculopalpebral nerve – a branch of the facial nerve 
– could be the reason for the blinking deficiency.23 Both 
Horner’s syndrome and blinking disorders associated 
with surgical procedures at the temporoauricular 
region are usually temporary. However, temporary or 
persistent conditions may require additional care, such 
as application of artificial eye drops to prevent corneal 
ulcers.

Intraoperative iatrogenic trauma to the left inferior 
alveolar neurovascular bundle was reported in case 3. 
Such injury can occur during the osteotomy of the 
mandible, manipulation of the mandibular segment, 
and during and after ligation and transection of the 
neurovascular bundle. Even though the use of a sterile 
high-speed dental handpiece is not contraindicated for 

Table 3 Diagnostic imaging, surgical technique, and intra- and postoperative complications

Cat Diagnostic 
imaging

Diagnosis Surgical 
technique

Intraoperative 
complication and 
treatment

Immediate 
postoperative 
RM

Follow-up – 
postoperative 
complications

1 Skull 
radiographs 
and CT scan

Left  
intra-articular 
TMJA

Left MSM 
308–309
(AMSr = 10 mm)

Mandibular drift 
and malocclusion 
(selective dental 
extractions, 
odontoplasty  
304, 404)

NR 4-week recheck: 
persistent 
mandibular drift and 
malocclusion; ability 
to open the mouth 
stable. Weight = 4.4 kg

2 CT scan and 
3D printing

Right  
intra- and 
extra-articular 
TMJA

Right MSM 
408–409
(AMSr = 10 mm)

Mandibular drift 
and malocclusion 
(selective dental 
extractions of 
maloccluded teeth)

27 mm 
approximately

48-week recheck: 
persistent mandibular 
drift, postoperative  
RM stable. 
Weight = 3.6 kg

3 Skull 
radiographs 
and CT scan

Bilateral 
TMJA

Left CSM 
(caudal margin 
of 309 – rostral 
region MF)
(AMSr = 13 mm); 
gap arthroplasty 
of the right TMJ

Iatrogenic 
laceration of the 
left inferior alveolar 
neurovascular 
bundle (temporary 
compression 
and double 
circumferential 
ligature); full-mouth 
extractions owing to 
severe periodontitis

38 mm 
approximately

Immediate 
postoperative left eye 
(Horner’s syndrome); 
12-week recheck: 
persistent inability  
to blink the left eye
56-week recheck: 
mandibular drift; 
postoperative  
RM stable 
Weight = 4.3 kg

4 Skull 
radiographs 
and CT scan

Left intra- and 
extra-articular 
TMJA

Left CSM 
(caudal margin 
of 309 – rostral 
region MF)
(AMSr = 14 mm)

Mandibular drift  
and malocclusion

30 mm 
approximately

152-week recheck 
(mild mandibular 
drift); postoperative  
RM stable. 
Weight = 4.5 kg

RM = range of motion; TMJA = temporomandibular joint ankylosis; MSM = middle segmental mandibulectomy; AMSr = approximated mandibular 
segment removed; NR = not reported; 3D = three-dimensional; CSM = caudal segmental mandibulectomy; MF = mandibular foramen; 
TMJ = temporomandibular joint
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maxillofacial surgery, soft tissue can become entrapped 
in the spinning burs when not used properly and 
carefully.24–26 Piezoelectric devices may reduce the 
trauma to underlying soft tissue structures during 
maxillofacial osteotomies and have been recommended 
for ankylotic tissue removal in the TMJ region during 
gap arthroplasty and wide excision. This technology 
may reduce the risk of iatrogenic trauma compared 
with a carbide bur, osteotome or mallet.27

Although one (25%) of four cats in the current report 
presented with an intraoperative complication associ-
ated with the CSM, this percentage is not likely to reflect 
the possible intraoperative complications owing to the 
low number of patients described in this report. Further 
studies with more patients are necessary to objectively 
determine possible complications such as sublingual 
tissue trauma while performing a segmental mandibulec-
tomy, as described in this study.

In line with previous reports, all cats in the present 
study showed mandibular drift as the main postopera-
tive complication. Mandibular drifting and resulting soft 
tissue trauma from malocclusion are frequent complica-
tions in veterinary patients that underwent segmental, 
subtotal or total mandibulectomy.6,16,28,29 Even though 
the pre-existing mandibular asymmetry resulting from 
the TMJ trauma and ankylosis may worsen the post-
operative mandibular displacement, factors such as the 
masticatory muscle action of the intact mandible and 
soft tissue retraction during the healing process at the 
mandibulectomy site may contribute to the drifting 
effect.29,30 Mandibular drift and malocclusion may 
make it difficult, or even prevent, proper prehension and 
mastication of food. Although elastic power chain place-
ment has been reported to prevent mandibular drift 
after mandibulectomy in veterinary patients,31 selective 
dental extractions and odontoplasty of maloccluding 
teeth, as demonstrated in the cases of the present study, 
are suitable techniques to solve the negative effects of 
mandibular drifting.

The four cases in the present study did not show 
postoperative loss of vertical range of mandibular 
motion or TMJA recurrence. Recurrence of this condi-
tion has previously been reported as a postoperative 
complication after gap arthroplasty or wide excision to 
remove ankylotic tissue at the TMJ. This complication 
has been related to the inability to remove all abnormal 
fibrous and bone tissue owing to the proximity of vital 
neurovascular structures.4,16

Although radiographic images can be used in the 
initial screening of patients affected by TMJA, CT and 
CBTC are undoubtedly the gold standard techniques in 
determining affected anatomical structures, assessing 
the extent and quality of abnormal tissue and for surgi-
cal treatment planning.10,12,32–34 The main limitations of 
plain radiography include overlap of bone structures 

and low image resolution vs CT and CBCT images. Bone 
and fibrous tissue proliferation at the TMJ region may 
also make it difficult to identify the joint space and the 
relationship between the articular surfaces, which could 
underestimate the actual extent of TMJA during the 
radiographic assessment.

The mandibular segment removed ranged between 
10 and 14 mm, which is similar to what has been reported 
in a previous similar study during MSM and CSM in 
cadavers. The results from the cats in the present report 
suggest the amount of mandibular bone removed 
during the segmental mandibulectomies was sufficient 
to avoid bone regeneration at the surgical site. Excision 
of smaller mandibular segments could lead to bone con-
solidation at the mandibulectomy site and subsequent 
TMJA recurrence.

Three patients in the present study were re-evaluated 
at 48, 56 and 152 weeks, respectively, and the postopera-
tive range of mouth opening remained unchanged. Cat 1 
also presented a stable postoperative range of vertical 
mandibular motion; however, long-term follow-up data 
for this patient were not available. Long-term follow-up 
performed in cats 2, 3 and 4 indicated that the segmen-
tal mandibulectomy was a suitable surgical procedure 
to treat cats affected by unilateral TMJA. However, 
this assumption should be confirmed in a further study 
enrolling more cats suffering from this condition. Longer-
term follow-up is required to ensure TMJA remission, 
particularly in older patients where bone callus formation 
may be slower.

Segmental mandibulectomy was previously sug-
gested for the treatment of cats with unilateral TMJA.21 
However, one cat affected by bilateral TMJA in the pre-
sent study underwent gap arthroplasty on the right TMJ 
and CSM on the left side. This patient did not show an 
inability to eat or drink during the postoperative period. 
If both sides had undergone segmental mandibulectomy, 
the patient could have developed a constant inability to 
close the mouth and swallow food during the post-
operative period. The fact this patient maintained both 
mandibles in a good position during swallowing could 
be attributed to the masticatory muscle action in the 
caudal portion of the mandible that was not subjected to 
segmental mandibulectomy. The pterygoid, temporal and 
masseter muscles appear to maintain the mandibular 
movements necessary for swallowing food and water.

Although segmental mandibulectomies represented a 
viable treatment option in three cats affected by unilat-
eral TMJA and one cat with bilateral TMJA undergoing 
gap arthroplasty for one of its affected TMJs, additional 
studies are necessary to prove the feasibility of these pro-
cedures in patients undergoing bilateral MSM or CSM. 
The segmental removal of the middle or caudal portion 
of the mandibular body, as suggested here and in a 
previous study,21 may be less technically challenging 
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and time-consuming when compared with the more 
invasive surgical techniques that require removal of 
large portions of fibrous and bony tissue in the TMJ 
region.

Limitations of this study include the small sample 
size and lack of advanced diagnostic images such as 
CT and CBCT during follow-up. Although the surgical 
outcome of the few client-owned cases reported here is 
consistent with what has been suggested in a previous 
cadaver study,21 it would be desirable to have tomo-
graphic imaging (CBCT or CT) several months or years 
after segmental mandibulectomy. This would allow for 
better assessment of the quality of tissue at the segmen-
tal mandibulectomy site, status of the ankylotic tissue 
that remained at the affected TMJ, mandibular drift-
induced pathological changes at the contralateral TMJ, 
occurrence of masticatory muscle atrophy, ability to 
open and close the mouth and overall quality of life 
(weight increment, play biting and ability to groom 
themselves).

Conclusions
Mandibular drift and malocclusion were the most 
common postoperative side effects of the segmental 
mandibulectomies discussed in this study. The CSM and 
MSM proved to be safe, feasible and effective surgical 
procedures to treat cats with unilateral TMJA. They 
could be considered an alternative surgical technique to 
surgical excision of ankylotic tissue at the TMJ. All cats 
in this study achieved a good quality of life after the 
segmental mandibulectomies.
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