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Introduction
The term “ankylosis” refers to a stiff joint, and tem-

poromandibular joint (TMJ) ankylosis involves fusion be-
tween the mandibular condyle and glenoid fossa. It can be 
fibrous, fibro-osseous, or osseous in nature, with changes 
occurring sequentially.1 TMJ ankylosis often occurs sec-
ondary to trauma (73.2%), systemic or local infections 

(17%), and unknown causes (7.3%).2 In systemic diseases, 
such as ankylosing spondylitis, the TMJ is involved in ap-
proximately 3-20% of cases, but cases of TMJ ankylosis 

(2-4%) in ankylosing spondylitis are reported sporadical-
ly.3 Infection is the commonest cause in the pediatric age 
group, whereas post-traumatic ankylosis predominates 
in adults.4 The clinical features of TMJ ankylosis vary 
depending on the age of onset, and facial deformities are 

frequently seen in children. This condition often presents 
as difficulty in speech, mouth opening, and mastication. 
Imaging plays a pivotal role in diagnosing TMJ ankylosis 
and in planning surgery. Conventional radiography was 
the mainstay of diagnostic imaging before the advent of 
computed tomography.5 The limitations of conventional 
radiography include poor spatial resolution, inadequate 
assessment of the extent of the ankylotic mass, and the 
need for multiple views of the joint leading to more ra-
diation exposure to the patient.6 MDCT is the current 
imaging modality of choice for an accurate preoperative 
demonstration of the ankylotic mass and other surgically 
important findings.5,7 However, surgically relevant find-
ings on preoperative CT imaging are often inconsistently 
documented in the radiology report, which may result in 
intraoperative complications or inadequate resection. 

The TMJ is a hinge synovial joint formed between the 
mandibular condyle, glenoid fossa, and articular emi-
nence (Fig. 1A). Medially, the TMJ is related to the skull 
base and numerous foramina transmitting vital neurovas-
cular structures. In particular, the foramen ovale and fo-
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ramen spinosum lie medially to the TMJ and transmit the 
mandibular nerve and middle meningeal artery, respec-
tively (Fig. 1B). Posterosuperiorly, the mastoid part of 
the temporal bone is related to the TMJ (Fig. 2A). Other 
surgically important neurovascular bundles related to the 
TMJ include the inferior alveolar neurovascular bundle, 
which lies inferiorly to the TMJ, and the maxillary artery, 
which is located medially to the TMJ (Figs. 2B-D). The 
most widely accepted hypothesis for the pathogenesis 
of TMJ ankylosis is that a fracture leads to activation of 
molecular pathways (e.g., tumor growth factor) and bone 
morphogenic proteins, which subsequently activate osteo-
blasts. Sequentially, fibrosis and ossification of intraar-
ticular hematoma ensue, leading to the formation of an 
ankylotic mass.8,9 

This pictorial review highlights the surgically relevant 
anatomical relationships of the TMJ, the pathogenesis of 
TMJ ankylosis, and a proposed structured CT reporting 
template of TMJ ankylosis.

Case Findings and Structured Reporting Format
The MDCT imaging technique involved supine posi-

tioning of the patient on the CT table. The patient was in-
structed not to swallow or move while scanning the area 
between the inferior orbital margin and tip of chin with a 

closed mouth. The image acquisition protocol at our insti-
tution included a peak kilovoltage of 120 kVp, current of 
75-80 mA, 1-mm collimation, and 1-mm pitch. Sections 
measuring 3 mm in thickness were acquired and recon-
structed into 1-mm-thick sections in the soft tissue window 

(H30s kernel) and in the bone window (H60s kernel). CT 
angiography was performed when appropriate to assess 
the relationship of the internal maxillary artery (IMA) with 
the ankylotic mass. Multiplanar reconstructions were per-
formed in the coronal oblique plane (parallel to the long 
axis of the mandibular condyle) and sagittal oblique plane 

(perpendicular to the long axis of the mandibular condyle). 
Various measurements were made on thick multiplanar 

(MPR), maximum intensity projection (MIP), volume ren-
dering technique (VRT), and panoramic reconstruction im-
ages. 

The imaging appearance of TMJ ankylosis on CT has 
been variably described depending on age and the duration 
of the injury. Xia et al.10 proposed a classification of TMJ 
ankylosis corresponding to the stages of TMJ ankylosis on 
CT, as follows: stage 1, in which the glenoid fossa and con-
dyle are clearly seen with no bony ankylosis and scattered 
callus can be seen (Fig. 3A); stage 2, in which lateral bony 
ankylosis of the joint is seen and the condyle is displaced 

Fig. 1. Anatomy and relationships of the temporomandibular joint 

(TMJ). A. A sagittal computed tomographic (CT) image of the 
TMJ shows the mandibular condyle and articular fossa. B. An 
axial CT image of the skull base shows the foramen ovale and 
spinosum lying medial to the TMJ and carotid canal and jugular 
foramen posteromedially. GF: glenoid fossa, FO: foramen ovale, 
FS: foramen spinosum, CH: condylar head, CC: carotid canal, JF: 
jugular foramen.

A	 B

Fig. 2. Temporomandibular joint relationships. A. Coronal com-
puted tomographic (CT) image shows the mastoid part of the tem-
poral bone lying posterosuperiorly. B. Coronal CT image shows 
the mandibular foramen (MF), which continues as the inferior al-
veolar nerve canal (IAC) lying inferiorly. Sagittal reformatted CT 

(C) and panoramic (D) images show the course of the IAC.

A	 B

C	 D
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medially, forming pseudoarthrosis with the glenoid fossa 

(Fig. 3B); stage 3, in which there is complete bony anky-
losis with no recognizable condyle and fossa and a radio-
lucent zone is seen in the fused area (Fig. 3C); and stage 4, 
which has extensive bony ankylosis with loss of the radio-
lucent zone (Fig. 3D).

An ankylotic mass is an abnormal chunk of bone bridg-
ing the glenoid fossa and mandibular condyle that may 
variably extend to involve the zygomatic arch, ramus or 

other parts of the mandible, and skull base.11 In addition 
to the ankylotic mass, TMJ ankylosis results in bony and 
structural changes such as distorted mandibular structures 

(micrognathia/retrognathia) along with reduced ramus 
height, a deepened antegonial notch, and an elongated cor-
onoid process.12

The preoperative imaging of TMJ ankylosis consists of 
evaluating the ankylotic mass, its relationship to vital struc-
tures, and the bony changes secondary to ankylosis. Sur-

Fig. 3. Stages of temporomandibular joint ankylosis on computed tomographic images. A. Stage 1: glenoid fossa and condyles are visible 
with no bony ankylosis. B. Stage 2: lateral bony ankylosis of the joint is seen. C. Stage 3: complete bony ankylosis of the joint with a ra-
diolucent line inside (arrow). D. Stage 4: extensive bony ankylosis with no visible radiolucent line.

A	 B	 C	 D

Table 1. Temporomandibular joint ankylosis reporting template

Right Left

  1. Ankylotic mass type (fibrous/bony)
      Stage of ankylosis
  2. Ankylosis mass dimension – 
      i) Mediolateral
      ii) Superoinferior
      iii) Anteroposterior 
  3. Distance of ankylotic mass from internal maxillary artery
  4. Distance from base of ankylotic mass to inferior alveolar nerve canal opening
  5. Distance between lateral pterygoid plate and ankylotic mass
  6. Distance between external auditory canal and ankylotic mass
  7. Glenoid fossa involvement by ankylotic mass (yes/no) 
  8. Ramus dimension 
      i) Length at posterior border of ramus 
      ii) Length in the region of deepest portion of antegonial notch
  9. Coronoid process length
10. Skull base assessment 
      Foramen ovale/spinosum/jugular foramen and mastoid – in close proximity/distant from ankylotic mass
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gical procedures for TMJ ankylosis have been previously 
described in various studies.13-15 The proposed structured 
reporting format includes all the surgically relevant compo-
nents (Table 1) based on the authors’ previous experiences. 
The individual subheadings are discussed below. The type 
of ankylotic mass (fibrous or bony) was assessed and stag-
ing of ankylosis was done as described above.

Measurements of the ankylotic mass were made in the 
anteroposterior, mediolateral, and superoinferior dimen-
sions, which helped in assessing the complete removal of 
the ankylotic mass and in estimating the amount of autoge-
nous and alloplastic material required for interpositional 
gap arthroplasty.7 The mediolateral dimension was mea-
sured on an axial section, and the maximum dimension of 
the ankylotic mass was measured (Fig. 4A). The superoin-
ferior dimension was best evaluated in the coronal plane 

(Fig. 4B). The anteroposterior dimension was measured in 
the sagittal plane (Fig. 4C).

The distance of the IMA from the ankylotic mass is sur-
gically relevant. The IMA is the terminal branch of exter-
nal carotid artery, and courses between the ramus of the 
mandible and sphenomandibular ligament and reaches the 
pterygopalatine fossa, coursing either superficial or deep 
to the lateral pterygoid muscle. Along its course between 
the ramus and sphenomandibular ligament, it lies in a 
close relationship to the ankylotic mass and can be injured 
intraoperatively, leading to torrential bleeding. Hence, CT 
angiography was necessary to assess the distance of IMA 

from the ankylotic mass to avoid intraoperative injury; 
this measurement was made in the coronal plane (Fig. 5).

The distance of the inferior alveolar nerve canal (IAC) 
from the base of ankylotic mass was measured. The IAC 
begins from the mandibular foramen, located in the ramus 
of the mandible below the sigmoid notch on the medial as-
pect. The inferior alveolar nerve, artery, and vein traverse 

Fig. 4. Measurement of ankylotic mass dimensions. A. The mediolateral dimension is measured in the axial plane (arrows). B. The super-
oinferior dimension is measured in the coronal plane (arrows). C. The anteroposterior dimension is measured in the sagittal plane (arrows). 
Maximum intensity projection images are used to delineate the margins.

A	 B	 C

Fig. 5. Relationship of an ankylotic mass to the surrounding vital 
structures. A. Computed tomographic (CT) angiography shows a 
measurement of the distance of the ankylotic mass (arrow) from 
the internal maxillary artery (arrow). B. An axial CT image shows 
that the ankylotic mass is abutting the internal maxillary artery (ar-
row).

A	 B
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through it and exit at the mental foramen. The basic tenet 
of osteoarthrectomy is to create a 1.5- to 2-cm bony gap for 
the treatment of TMJ ankylosis. This frequently meant that 
plating the osteotomy near the lingula, where the inferior 
alveolar nerve enters the mandible, would cause intraoper-
ative bleeding and sensory damage to the inferior alveolar 
nerve. This was mostly seen in cases with a very short ra-
mus of the mandible. It is advisable for the surgeon to have 
prior information about the distance of the lingula for infe-
rior osteotomy. IAC can be damaged intraoperatively when 
an ankylotic mass adjoins the IAC, leading to neurovascu-
lar injury. Distance from the inferior margin of the ankylot-

ic mass to the IAC was best evaluated in the coronal plane 

(Fig. 6).
In some cases, termed as skull base fibrosis, the anky-

lotic mass fuses with the lateral pterygoid plate and ade-
quate mouth opening cannot be restored unless the fusion 
is released.12 Therefore, the distance of the ankylotic mass 
from the lateral pterygoid plate was measured in the cor-
onal plane as the minimum distance between the medial 
margin of the ankylotic mass and the lateral pterygoid 
plate (Fig. 7).

The external auditory canal (EAC) is S-shaped, first 
curving posterosuperiorly and then anteroinferiorly. It is 

Fig. 6. Relationship of ankylotic masses to the mandibular foramen and inferior alveolar nerve canal. The distance of the ankylotic mass 
from the inferior alveolar nerve canal is measured in the coronal plane. A. A case of early fibrous ankylosis. B and C. The advanced stage 
of ankylosis shows reduced distance.

A	 B	 C

A	 B	 C

Fig. 7. Relationship of ankylotic masses to the lateral pterygoid plate. The distance between the lateral pterygoid plate and medial margin 
of ankylotic mass is measured in the coronal plane. A. Early stage of ankylosis. B and C. Advanced stage of ankylosis, showing ankylotic 
masses in close proximity to the lateral pterygoid plate in the advanced stage of ankylosis.
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fibrocartilaginous in the lateral one-third and bony in the 
medial two-thirds. Its anterior wall and floor are formed by 
the tympanic part of the temporal bone, and it is related to 
the TMJ anteriorly. Damage to the EAC may occur if the 
surgeon is mistakenly guided or the ankylotic mass is in the 
vicinity of the EAC (Fig. 8). In addition, the aggressive use 
of instrumentation such as a chisel and a hammer can cause 
trauma to the related areas. The surgeon should have pre-
operative anatomic guidance when approaching an area of 
ankylosis that extends adjacent to the EAC.16 The distance 
between the ankylotic mass and the anterior wall of the ex-
ternal auditory canal was measured in the sagittal plane.

The glenoid fossa, which consists of the squamous part 
of the temporal bone, forms the cranial component of the 
TMJ. When the ankylosis involves the glenoid fossa, as 
in stages 3 and 4, intraoperative iatrogenic perforation 
through the glenoid fossa into the middle cranial fossa can 
occur (Figs. 3C and D). This may lead to dural tear, cere-
brospinal fluid leak, and exposure of the temporal lobe, for 
which a neurosurgical consultation is necessary.16 It may 
also result in unrecognized extradural hemorrhage from the 
middle meningeal artery. Glenoid fossa involvement was 
mentioned as part of the staging of ankylosis.

An assessment of the mandibular ramus and coronoid 
process is essential for surgical planning. TMJ ankylosis 
is associated with a reduced vertical height of the ramus 
secondary to arrested growth. Therefore, it is crucial to 
measure the ramus height when assessing the extent of 

shortening. The ramus height was measured in the sagittal 
plane on thick multiplanar images displaying the entire ra-
mus along the posterior margin of ramus and in the region 
of the deepest antegonial notch (Fig. 9A). 

When the coronoid process projects superiorly beyond 
the inferior margin of the zygomatic arch, it is termed an 
enlarged coronoid process.17 An enlarged coronoid process 
leads to restricted mouth opening. Therefore, coronoid pro-

A	 B

Fig. 8. Relationship of an ankylotic mass to the external auditory canal. The distance between the ankylotic mass (arrow) and the anterior 
wall of the external auditory canal (arrow) is measured in the sagittal plane. (A) Normal temporomandibular joint (TMJ). The circle shows 
the measurement in a normal TMJ. (B) An ankylosed TMJ with the ankylotic mass closely abutting the external auditory canal, as shown 
by the circle in B. CH: condylar head, EAC: external auditory canal.

Fig. 9. Measurement of the height of the ramus and coronoid 
process. A. Sagittal reformatted image shows a measurement of 
the vertical height of the ramus along its posterior margin (white 
arrows) and in the region of the deepest antegonial notch (black 
arrows). B. Sagittal reformatted image shows a measurement of 
coronoid process length, corresponding to the distance from the tip 
of the coronoid process to the mandibular incisura.

A	 B
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cess length is measured to assess the need for coronoidec-
tomy. This measurement was made in the sagittal plane, as 
the vertical distance from the tip of the coronoid process to 
the mandibular incisura (Fig. 9B).

A preoperative assessment of the skull base is required 
to avoid intraoperative injury. As mentioned above, skull 
base bones such as the sphenoid and temporal bones have a 

close anatomic relationship with the TMJ and transmit vital 
neurovascular structures via various foramina. When the 
ankylotic mass is in close relation with the foramen ova-
le, foramen spinosum, jugular foramen, and carotid canal; 
there is a risk of intraoperative injury to these structures 
during resection of an ankylotic mass (Fig. 10). In addition, 
the extent of bony fusion with the mastoid is estimated to 
evaluate the magnitude of drilling required to release the 
ankylotic mass (Fig. 11). There is an increased risk of dural 
perforation and iatrogenic brain injury when the skull base 
thickness is less than 3 mm.18 The relationships of the neu-
ral foramen were evaluated on axial sections and mastoid 
involvement was assessed on coronal sections.

The aforementioned measurements were performed 
bilaterally, even if the other side was normal, in order to 
enable comparisons with the ankylosed site.

Discussion
TMJ ankylosis refers to fibrous or bony fusion between 

the mandibular condyle and the glenoid fossa. It usually 
presents with progressive difficulty in mouth opening and 
facial deformity. Trauma, infection, and systemic diseases 
such as ankylosing spondylitis or rheumatoid arthritis are 
the common underlying etiologies.19 The etiopathogenesis 
of the development of ankylosis in cases of trauma is com-
plex, with hypoxia and a pro-coagulant or hypofibrinolytic 

Fig. 10. Skull base assessment. (A) Early stage of temporomandibular joint (TMJ) ankylosis, wherein there is separation of the ankylotic 
mass (white double arrow) from the foramen ovale (white arrow), foramen spinosum (black arrow), and jugular foramen (star) in early/mild 
TMJ ankylosis. B. Advanced stage of TMJ ankylosis showing involvement of the ankylotic mass with the foramen spinosum (black arrow) 
and foramen ovale (white arrow). C. Another case of advanced stage of TMJ ankylosis in which an ankylotic mass is seen in close proximi-
ty (star) to the carotid canal (white arrow) and jugular foramen (black arrow).

A	 B	 C

Fig. 11. Skull base assessment. Mastoid involvement is assessed 
on a coronal section. A. Mild/early stage of ankylosis in which the 
mastoid is not involved. B. Advanced stage of ankylosis in which 
the mastoid is involved with the ankylotic mass (arrow).

A	 B
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state playing a key role in stimulation of chondrogenesis or 
osteogenesis.20 As previously explained, TMJ ankylosis is 
classified into 4 stages (stages 1-4) depending on the degree 
of bony ankylosis. The commonly performed surgical pro-
cedures for TMJ ankylosis include osteoarthrectomy of the 
ankylosis with adequate gap creation.21-23 This is followed 
by ramus-condyle unit reconstruction.9,24 Additionally, 
coronoidectomy and fat grafting are performed to increase 
mouth opening and to reduce heterotopic bone formation, 
respectively.13-15

The authors have observed that a detailed preoperative 
assessment is of significant value prior to surgery. This can 
easily be done using MDCT, which can accurately assess 
the extent of an ankylotic mass and its relationship to adja-
cent vascular and bony structures. The various multiplanar 
reconstructions provide a complete evaluation of the joint 
and surrounding key anatomic landmarks. Structured ra-
diological reporting of TMJ ankylosis is essential for pre-
operative planning to reduce the risk of intraoperative com-
plications or inadequate resection. This includes an assess-
ment of the extent of fibrous or bony ankylosis and staging 
according to the classification proposed by Xia et al.10 
Measurement of the ankylotic mass on MDCT provides an 
estimate of the amount of material required for interposi-
tional gap arthroplasty. Vascular injury to the IMA can be 
avoided by knowing the distance between the ankylotic 
mass and the IMA. Similarly, the distance of the ankylotic 
mass and key anatomic structures in the vicinity, such as 
the IAC, lateral pterygoid plate, glenoid fossa, and external 
auditory canal, can be depicted on the reconstructed imag-
es. This is essential for planning the surgical incision and 
can serve as a preoperative anatomic guide.

The length of the mandibular ramus and the coronoid 
process is also measured. Coronoidectomy is required in 
cases of an elongated coronoid process, the length of which 
can be easily measured on a preoperative scan. A skull base 
thickness less than 3 mm predisposes to dural perforation 
and brain injury. The magnitude of bone drilling varies 
with the extent of bony fusion with the mastoids, which can 
be easily assessed on the reformatted images. A detailed 
view of the condylar head, glenoid fossa, sphenoid bone, 
and temporal bone, along with the skull base foramina, can 
help in the safe resection of the ankylotic mass without any 
intraoperative damage to these key structures.

In conclusion, MDCT can provide an accurate assess-
ment of the extent of an ankylotic mass, its relationship 
to adjacent vital structures, and other bony abnormalities. 
Structured reporting of TMJ ankylosis is essential to pro-
vide a roadmap for operating surgeons.

Conflicts of Interest: None
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