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ABSTRACT

Purpose: The aim of this study was to analyze three-dimensional images of the arterial supply to the temporo-
mandibular joint.

Materialsand Methods: Ten patients(five men and five women, mean age 36 years) without signs or symptoms of
temporomandibular disorders, who underwent contrast-enhanced computed tomographic (CT) scanning with
intravenous contrast, were studied. The direct volume rendering technique of CT images was used, and a data set of
images to visualize the vasculature of the human temporomandibular joint in three dimensions was created. After
elaboration of the data through post-processing, the arterial supply of the temporomandibular joint was studied.
Results: The analysis revealed the superficial temporal artery, the anterior tympanic artery, the deep temporal
artery, the auricular posterior artery, the transverse facial artery, the middle meningeal artery, and the maxillary
artery with their branches as the main arterial sources for the lateral and medial temporomandibular joint.
Conclusion: The direct volume rendering technique was found to be successful in the assessment of the arterial
supply to the temporomandibular joint. The superficial temporal artery and maxillary artery ran along the lateral
and medial sides of the condylar neck, suggesting that these arteries are at increased risk during soft-tissue pro-
cedures such as an elective arthroplasty of the temporomandibular joint. (Imaging Sci Dent 2013; 43 : 37-44)
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I ntroduction

The temporomandibular joint (TMJ) is a diarthrodial
joint consisting of the mandibular condyle, squamous por-
tion of the temporal bone, fibrous capsule with reinforce-
ment, and accessory ligaments such as the sphenomandi-
bular, stylomandibular, and pterygomandibular ligaments,
and the synovial membrane.*

The blood supply to the TMJ is circumferential. Every
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vessel within aradius of some three centimeters contributes
branches to the joint capsule and contributes one or two
branchesto it.? The blood vessels to the TMJ mainly origi-
nate from the superficial temporal artery (STA, about 3.8
mm in diameter) and the maxillary artery (MA, about 3.2
mm in diameter).?

The MA is classified according to its relationship with
the lateral pterygoid muscle and zygomatic arch. The super-
ficial MA islocated laterally to the lateral pterygoid muscle
and with a distance between zygomatic arch and maxillary
artery of >20mm. The deep MA is media to the latera
pterygoid and with a distance between zygomatic arch and
maxillary artery of >20mm (Fig. 1).*

Other vessels which supply the TMJ have been describ-
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ed: these are small branches of the externa carotid artery
(ECA, the auricular posterior artery 1.7 mm in diameter
and the ascending pharyngeal artery > 1 mm in diameter),
and of the facial or the ascending palatine artery.®

In the retrodiskal tissue (RT), which is responsible for
the nutrition of the TMJ, are present the branches of the
maxillary artery (posterior auricular, anterior tympanic
(ATA), and meningeal media arteries) and the temporo-
mandibular veins, as well as the auriculotempora and pos-
terior auricular nerves.”

Information on the vasculature of the TMJ is crucial in
surgical interventions, and it may help clarify the pathol-
ogy of the TMJ.*™ The aim of this study was to visualize,
analyze, and review the current understanding of the arte-
rial supply of the TMJ.

Materials and M ethods

We reviewed the cervicocranial arteries of 10 patients
without signs or symptoms of temporomandibular disorder
(TMD) (five men and five women, age range from 25 to
46 years, mean 36 years) who underwent contrast-enhanc-
ed computed tomographic (CT) scanning in the period
from October 2008 to January 2009, at Santa Teresa Clinic,
Bagheria, Palermo.

A standardized TMD examination was executed in all
of the patients: joint pain, crepitation, and uncoordinated
movements of the head of the mandibular condyle during
opening or closing of the mouth were investigated by lat-
eral and posterior palpation of each TMJ with both index
fingers. Subjects were included if they had a temporoman-
dibular index (TMI) reference value of <0.08+0.10, and
an intensity of jaw pain <5 (with 1 indicating mild pain
and 5 moderate pain).****

All of the subjects gave written informed consent before
beginning the study. The Medical Ethics Committee of the
Policlinico G. Martino approved the study protocol, which
conformed to the principles of the Declaration of Helsinki
for human subject research.

The examinations were performed with a four-channel
CT scanner (Mx8000 Quad, Philips Medica Systems, Be<t,
the Netherlands). The volume acquisition was performed
during administration of 90mL of iodinated non-ionic con-
trast agent at a concentration of 370 mg/mL through an
antecubital vein, with an 18-gauge needle cannula using
an automatic injector (Envision, Medrad, Pittsburgh, PA,
USA) at aflow rate of 4mL/s. To obtain optimal enhance-
ment of the arteries, the delay time between beginning the
contrast agent administration and scan acquisition was cal-

culated with the bolus test technique by measuring the en-
hancement curve at one of the common carotid arteries.
Optimizing arterial enhancement with the bolus test techni-
gue, we deliberately overlooked the venous district, thus
avoiding possible interference with the images.

The acquisition volume was set in the caudocranial direc-
tion from C7 to the sdllaturcica. The scan parameters were
250 mAs, 120kV, collimation 40 x 0.625 mm, pitch 0.67,
gantry rotation time 0.5 seconds, and acquisition time 10
seconds. For the rendering process, we used VolView 2.0
graphics software (Kitware Inc. Clifton Park, NY, USA).
The direct volume rendering system made use of specific
algorithms to transform conventional two-dimensional
magnetic resonance imaging sets of dices transparent vol-
ume data set images and enabled visualization of data from
various imaging modalities(e.g. CT, MR, functiona MRI,
and confocal microscopy) interfaced with various hard-
ware and software systems.

The CT images were compared to the anatomic tables.
The arterial branch on the CT images was categorized as
traceable (2 points), recognizable only for a short trace (1
point), or unrecognizable (0 point). The total score for each
artery was divided by 20 and multiplied by 100 to arrive
at adepiction rate for each artery.™

Results

Applying volume rendering techniques, the three-dimen-
sional images of the temporomandibular region were obta-
ined. Shading features were used to simulate an external
light source. This was performed to give additional depth
cues and surface texture to the image, offering amore real -
istic view of the anatomic structures.

In particular, the use of these procedures permitted visu-
alization of bone and vascular structures contemporarily.
In this way, the arteries and their branches were identified,
based on a comparison with anatomical tables of the human
TM‘13,15-17

In this study, most of the patients demonstrated the fol-
lowing features. Observing the temporomandibular region
posteriorly (Fig. 1), it was possible to find the ECA (a) cur-
ving somewhat anteriorly and then inclining dorsally to
the space behind the neck of the mandible, where it divid-
ed into the IMA (b) and STA (c); from the STA arose small
diverging arteries(e). In thisimage, it was possible to iden-
tify the transverse facial artery (TFA), a branch of the STA,
which disappeared into the parotid gland (d) and the mid-
dle meningeal artery (f), a branch of the mandibular por-
tion of the MA.



Rotating the image and then observing the left TMJ(Fig.
2), it was possible to find the same vascular organization.
In addition, on this side, the inferior dental artery (IDA, f),
abranch of the mandibular portion of the IMA, was visible
until it disappeared behind the mandibular ramus and the
anterior tympanic artery (ATA, h), branch of the IMA,
which passed behind the TMJ to enter the tympanic cavity.

Modifying the parameters and magnifying the region of
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Fig. 1. Posterior view of computerized
tomography rendering of the temporo-
mandibular joint of a 30-year-old heal-
thy female. The external carotid artery
(a), theinternal maxillary artery (b), the
superficial tempord artery (c), the trans-
verse facia artery (d), with their small
diverging arteries(€), the middle men-
ingeal artery (g), the retrodiscal tissue
(i), the ramus(l) and the condyle(m)

Fig. 2. Posterior and lateral view of
computerized tomography rendering of
the temporomandibular joint of a 30-
year-old healthy female. The externa
carotid artery (a), the internal maxillary
artery (b), the superficia temporal art-
ery (c), the transverse facial artery (d),
the inferior dental artery (f), the middle
meningeal artery (g), the anterior tym-
panic artery (h), the retrodiscal tissue
(i), the ramus () and the condyle (m),
the temporal posterior artery (t)

the mandibular condyle, it was possible to better observe
the relations of these vessels with bone structures (Fig. 3).
In particular, the ECA (@), the IMA (b), and the TFA (c),
with their small diverging branches(d), a small portion of
the IDA (e), the middle meningeal artery (MMA, f), and
finally the ATA (g) were observed.

Removing the ramus of the mandible, al of the vessels
of the region behind the ramus were visible. In particular,
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the entire extension of the IMA was observable with its
branches(Fig. 4A). Here, the IMA (b), IDA (e), MMA (f),
ATA (g), masseteric artery (MA), pterygoid artery (PA),
sphenopaatine artery (SA), and deep temporal artery (DTA)
were found. A schema of the IMA, with its branches, was
aso identified in order to demonstrate the fidelity of our
study by 3D volume rendering (Figs. 4 and 5).

By observation of our image, it was clear that most of
the vascular supply appeared to come from the lateral and
medial aspects of the condylar head. The posterior disc
attachment region was greatly vascularized, while the

Fig. 3. Posterior view of computerized
tomography rendering of the temporo-
mandibular joint of a 30-year-old heal-
thy female. The external carotid artery
(a), theinternal maxillary artery (b), the
transverse facial artery (d) with their
small diverging arteries(e), the inferior
dental artery (f), the middle meningeal
artery (g), the anterior timpanic artery
(h), the retrodiscal tissue (i), the ramus
() and the condyle(m)

Fig. 4. Computerized tomography ren-
dering of the left temporomandibular
joint of a 28-year-old healthy male (A)
and diagram (B) show the branches of
maxillary artery. The externa carotid
artery (8), the internal maxillary artery
(b), the inferior dental artery (f), the
middle meningeal artery (g), the condyle
(m), the masseteric artery (n), the ptery-
goid artery (o), the sphenopalatine art-
ery (p), the sphenopalatine foramen (),
the deep temporal artery (v)

intermediate zone and the anterior disc attachment region
wererelatively devoid of vessels.

Besides the ECA, the arterial supply to the retrodiscal
tissue (RT), the STA, the IMA, the IDA, and the MMA
were seen in all cases(depiction rates all 100%). The TFA,
the MA, the ATA, and the condylar branches of the STA
were found in several but not &l cases(depiction rates 70%,
100%, 60%, and 50%, respectively). The analysis of the
depiction rates showed that the direct volume rendering
technique consistently depicted larger arteries and the zone
with a higher degree of vascular supply, but also arteries
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Fig. 5. Lateral angiograms(A) and diagrams(B and C) of the internal maxillary artery and the superficial temporal artery arising from the
external carotid artery. The external carotid artery (a), the internal maxillary artery (b), the superficial temporal artery (c), the transverse
facial artery (d), the inferior dental artery (), the masseteric artery (n), the pterygoid artery (o), the sphenopalatine artery (p), the occipital
artery (r), the auricular posterior artery (s), the temporal posterior artery (t), the deep temporal anterior artery (u), the deep temporal artery

v)

Table 1. Depiction rate of arteries in the temporomandibular joint

Arteries Depiction rate (%)
External Carotid Artery 100
Internal Maxillary Artery 100
Superficial Temporal Artery 100
Retrodiscal Tissue 100
Middle Meningeal Artery 100
Inferior Dental Artery 100
Transverse Facia Artery 70
Masseteric Artery 60
Anterior Tympanic Artery 60
Condylar branches of the Superficia Tempora Artery 50

with athin diameter (Table 1).

Discussion

The knowledge of the blood supply around the TMJ is
necessary in order to clarify how the blood supply works
in the pathogenesis of TMD. Three-dimensional volume
rendering has been used for evaluation of other arteries
such as the cervicocrania arteries, intracranial aneurysms,
and pulmonary artery.’®*® However, these arteries have a
larger size than those of the TMJ.

This study showed that three-dimensional volume render-
ing of computed tomography angiography can successful-
ly be used to delineate the vascular anatomy of the TMJ
region in good detail.

By this technique, it could be observed that the lateral

and ventral region of the articulation was mainly vascular-
ized by the STA and its branches. The anterior region was
vascularized by the posterior DTA, the medial region by
the ATA and medial meningeal arteries.”*%

The study by Wasicky and Pretterklieber reveaed that
while the left ATA originated as a singular vessel from
either the MA or the STA with almost equal frequencies
(44.7 and 45.9%, respectively), the right ATA predomi-
nantly branched from the MA (77.8% of cases).” Mérida
Velasco et al, in 18 adult cadavers, described the ATA as
one of the main arteries of the RT and found that it is an
ever-present artery.™ Even though Takagi et al found that
MR angiography depicted the ATA in only 25% of patients,
probably because the artery was very thinin caiber, in our
study, the three-dimensional volume rendering of comput-
ed tomography angiography depicted the ATA in 60% of
patients.®

Clinical relevance of the arterial supply of the TMJ

The circulatory systems of the TMJ can be compromis-
ed by trauma, disease, changes of the head and neck posi-
tion, and muscle spasm.

Trauma and post-surgical complications

Surgery of the TMJ(disc repair procedures, menisectomy
with implant, condylotomy, condylectomy, arthroscopy,
and other procedures) is an effective treatment for structu-
ra disorders, and there are severa general surgical indica-
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tions (documented refractory internal derangements, pain
and dysfunction of such magnitude). Some of these pro-
cedures require open surgery with full mandibular condyle
exposure vialarge skin incisions(disc repair, menisectomy,
bone reduction procedures), and some are performed per-
cutaneously, with access to the mandibular condyle via
multiple limited skin incisions (arthroscopy). The bleeding
and vascular injuries associated with trauma to the carotid
artery and itsterminal branches, the STA, and the IMA are
common complications.?*

There have been a few reported cases of injury to the
MA during intraoral vertical ramus ostectomies, subcondy-
lar and condylar fractures, and TMJ surgery.? Those cases
were associated with aggressive surgical techniques and
necessitated ligation of the ECA to control hemorrhage.

Holmlund and Hellsing demonstrated the close proximi-
ty of an arthroscopy puncture site to the STA and vein.®
The close proximity of the MMA to the media capsule
could increase the risk of hemorrhage during TMJ surgery
(for example, in eminectomy, condylectomy, or during
release of joint ankylosis).?” Branches of the IMA may be
damaged during extensive maxillary fractures(Le Fort |
and I) or repair.

Temporomandibular disorders

The retroarticular region is very important to cushion
from mechanical stress and to protect the tympanic wall.
A posterior condylar position, often related to the anterior
displacement of the joint disk, reduces the posterior intra-
articular space and represents a compression on the bila-
minar zone.”®%

The symptomatology in this scenario can be expressed
as pain of TMJ, limited movement or locking of the jaw,
radiating pain in the face, neck or shoulders, painful click-
ing, popping, or grating sounds in the jaw joint when open-
ing or closing the mouth, tinnitus, vertigo, and otalgia.
Heffez and Jordan found a statistically significant associa
tion between superficial vascular changes (avascularity) in
the RT and progressive anterior displacement of the TMJ
disk.®

Vascular lesions

In the head and neck region, arteriovenous malforma
tions and arteriovenous fistulas are uncommon but pose
serious therapeutic challenges. Most of the acquired arteri-
ovenous fistula cases involve the internal carotid artery and
are more often secondary to blunt, penetrating injury and

surgical procedures. The development of an arteriovenous
fistula between the MA and the venous malformation has
sometimes been reported after Le Fort | osteotomy.* Pseu-
doaneurysm and arteriovenous malformation of the STA
and vein have also been described after arthroscopy.®

Aneurysms

Aneurysms of the head vessels must be recognized as
potential complications in the long-term follow-up of
incidental trauma and iatrogenic injury. The branches of
the ECA are protected from trauma in most regions of the
head and neck by bone and soft tissue. However, in speci-
fic areas, the vessels emerge from their protective buffer,
consequently leaving them particularly vulnerable to trau-
matic injury. Such areas are encountered as the vessels
approach the surface and cross bony structures. For exam-
ple, the STA traverses the zygomatic arch after it exits from
the parotid gland, leaving the artery relatively unprotected.®

Conner et a revealed that, of the 386 reported cases of
traumatic pseudoaneurysm of the face and temple, 85%
were found in the STA, 7% were in the IMA, and 8% were
in the facial artery.* Cases of pseudoaneurysm of the IMA
secondary to trauma have been reported.®*

STA pseudoaneurysms due to iatrogenic injury have
been reported to occur after cyst removal, TMJ excision,
or arthroplast.*” The post-traumatic development of an an-
eurysm can lead to expansion under arterial pressure and
potential rupture. Often, there is a delay between the initial
injury and the development of the aneurysm, ranging from
weeks to years.®

In conclusion, a number of imaging techniques have been
used to assess the TMJs. The most prevalent alteration
involving the TMJs are dysfunctional conditions (internal
derangement) and non-dysfunctional diseases (arthritis,
infections, coronoid process hyperplasia, secondary neo-
plastic process, fractures, synovial chondromatosis, and
avascular necrosis of the mandibular condyle).

Computed tomography and magnetic resonance imaging
are important in the diagnosis of diseases of this region
because they present a higher diagnostic accuracy as com-
pared with conventional radiology, considering their high-
er anatomical resolution.

The three-dimensional volume rendering of computed
tomography angiography is a promising non-invasive dia-
gnostic tool for evauate the vascular anatomy of the TMJs,
and widens the frontiers for the further understanding of
TMJ disorders as related to vascular abnormality, in addi-
tion to the planning of surgical procedures.
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