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Abstract. Temporomandibular disorders are painful conditions that require precise
injection therapy in selected patients. This pilot cadaveric study was undertaken to
compare the accuracy of temporomandibular joint (TMJ) injection between the
anatomical landmark-based (blind) technique and an ultrasound-guided technique.
TMIJ injections using the blind technique or the ultrasound-guided technique were
performed in 10 non-embalmed cadavers. After dissection, the accuracy of the TMJ
injections was found to be significantly greater for the ultrasound-guided injections
than for the blind technique (blind 55% vs. ultrasound 95%, P = 0.008). For
injections into the upper joint space of the TMJ, the success rate of the injection was
comparable for the two techniques (blind 80% vs. ultrasound 100%, P = 0.474).
However, ultrasound-guided injections into the lower joint space had a much higher
success rate than the blind technique (blind 30% vs. ultrasound 90%, P = 0.020).
The blind technique was associated with a considerable proportion of failed or
inappropriate injections, especially for lower joint space injections. Ultrasound-
guided TMIJ injections were accomplished with a higher accuracy than the
conventional blind technique, especially in the case of injections targeting the lower
joint space of the TMJ.
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Temporomandibular disorders are painful
conditions characterized by intra-articular
positional and/or structural abnormali-
ties'?. The temporomandibular joint
(TMJ) can be affected by various patho-
logical conditions such as abnormal
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dynamics of the disc—condyle complex,
degenerative osteoarthritis, inflammatory
arthritis, and crystal arthropathy®. TMJ
injections using steroids or hyaluronic
acid are commonly used to treat patients
with TMJ disorders”.

The TMI is a synovial joint surrounded
by a fibrous capsule that is divided into
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upper and lower spaces by a fibrocartila-
ginous articular disc’. Thus, the exact
determination of upper and lower joint
spaces is important for the treatment out-
come if an intra-articular injection is nec-
essary. Although TMJ injection is usually
performed using anatomical landmarks,
there is the potential risk of damage to
the collateral ligaments of the disc or the
adjacent soft tissue, especially if multiple
attempts are made®’. Extra-articular
injections can also result in poor clinical
outcomes and unintended complications®.
Moreover, confirmation of the correct nee-
dle placement can sometimes be ambigu-
ous in real clinical practice.

Ultrasound is used widely for larger
joints of the body to visualize the articular
structures and guide intra-articular injec-
tions. However, it has only recently gained
popularity for TMJ injections’. Although
several studies have demonstrated that the
ultrasound-guided approach is safe and
highly efficacious for the treatment of
painful TMJ disorders'™'", the accuracy
of this technique has not been compared
with a conventional blind technique. In
particular, clinical information regarding
ultrasound-guided injections targeting the
lower joint space of the TMJ seems to be
very limited'?. Currently, there is no well-
established approach for performing injec-
tions in the upper and lower joint spaces of
the TMJ using ultrasound, and further-
more, targeted injection into each joint
space has never been performed under
controlled conditions.

This study was performed to determine
whether ultrasound-guided injection tar-
geting the upper and lower joint spaces of
the TMJ using a low volume of dye solu-
tion was possible and to compare this
technique with a conventional blind tech-
nique in an established cadaver model by
anatomical dissection.

Methods

The institutional review board exempted
this study from formal review. All cadavers
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(six male and four female, mean age 79.2
years) utilized in the present study were
legally donated to the Surgical Anatomy
Education Centre at Yonsei University
College of Medicine (YSAEC). The injec-
tion procedures for targeting the upper and
lower joint spaces of the TMJ were con-
ducted on 10 fresh cadavers that were
independently chosen by the scientific staff
of YSAEC.

The cadavers were randomized to re-
ceive either ultrasound-guided injections
or injections using the blind technique to
the TMJ on the right or left side. Hence
one side was allocated to ultrasound-
guided injection and the other side was
allocated to the blind (anatomical
landmark-based) injection. On each side,
the upper and lower joint spaces of the
TMIJ were individually approached using
two different coloured agents. Thus, four
injections were done in a single cadaver
and 40 injections were done in the 10
cadavers (10 sides for the ultrasound-
guided technique and 10 sides for the blind
technique; two spaces — upper and lower
joint spaces — for a single side).

Ultrasound-guided technique

All cadavers were placed in the supine
position with appropriate head rotation to
access the injection site. All injections
were performed by a single experienced
anaesthesiologist specialized in regional
anaesthesia and pain medicine (SHK). A
TE7 ultrasound unit (Mindray Bio-Medi-
cal Electronics, Shenzhen, China) and an
L20-5 s high frequency (5-20 MHz) line-
ar probe with 3.2-cm aperture (Mindray
Bio-Medical  Electronics, Shenzhen,
China) were used, and all injections were
performed with a 50-mm, 22-gauge nee-
dle. Pre-scanning using both the transverse
and longitudinal views was done to sono-
graphically identify the TMJ space be-
tween the articular tubercle of the

temporal bone and mandibular condyle
in the pre-auricular region. For each
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cadaver, possible passive jaw movement
was also used to confirm the targeted TMJ
location during real-time ultrasound imag-
ing. The injection procedure was per-
formed in the closed-mouth position.
For each injection, the probe was posi-
tioned longitudinally on the targeted TMJ
and the structures were imaged in the
coronal plane. For the injection targeting
the upper joint space, an in-plane tech-
nique under real-time ultrasound guidance
was used to advance the needle towards
the glenoid fossa in a caudal-to-cephalic
direction until contact was made with the
bone (Fig. 1A). Similarly, for the injection
targeting the lower joint space, an in-plane
technique was used to advance the needle
towards the expected top of the mandibu-
lar condyle in a caudal-to-cephalic direc-
tion until contact was made with the bone
(Fig. 1B). A schematic diagram of the
injections using the ultrasound-guided ap-
proach is given in Fig. 1C. In both joint
injections, the needle was retracted slight-
ly after confirming bony contact. Correct
needle placement was verified by injecting
0.5 ml of normal saline: the spread of the
injectate into the targeted joint space,
without resistance being encountered,
could be seen on the real-time ultrasound
image. Sonographic images were recorded
digitally for all cadavers.

Anatomical landmark-based technique
(blind technique)

The anatomical landmark-based (blind)
technique in this study was performed
according to a method described previous-
ly in the literature'*'*. All injections were
performed by a single experienced oral
and maxillofacial surgeon (YHC). The
expected needle entry point was approxi-
mately 10 mm anterior to the tragus. For
each cadaver, anatomical landmarks were
identified using careful palpation and pas-
sive jaw movement. Then, anatomical
structures surrounding the TMJ were
briefly marked using a marking pen on
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Fig. 1. Ultrasound images demonstrating needle placement during (A) upper joint and (B) lower joint injections in the temporomandibular joint.

(C) Schematic diagram.
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the skin. A 50-mm, 22-gauge needle was
used for all injections and the injection
was performed in the closed-mouth posi-
tion. For injection into the upper joint
space, the tip of the needle was directed
towards the glenoid fossa anteriorly, su-
periorly, and medially. For injection into
the lower joint space, the needle was
directed towards the lateral pole of the
condylar head, and the tip of the needle
was moved to the posterior slope of the
condylar head. When expected bony con-
tact was made, the needle was retracted
slightly. Normal saline (0.5 ml) was
injected and aspirated to confirm the intra-
capsular position of the needle without
difficulty.

Dye solution composition and injection

The dye solution used to confirm the
localization of the injection consisted of
a 0.2-ml mixture of 0.1 ml latex solution
and 0.1 ml acrylic dye. This mixture was
used in every injection regardless of the
technique used and the space injected
(upper and lower, right and left). Red
dye was used for the upper joint space
and blue dye was used for the lower joint
space to distinguish the targeted location
of the injected dye solution. After con-
firming the correct needle tip placement
for all injections, 0.2 ml of dye was
injected into each upper and lower joint
space of the TMJ. During the whole pro-
cedure, any difficulty identifying the sono-
graphic or surface anatomy and any
injection-related technical problems were
recorded.

Anatomical dissection procedure

Anatomists (HMY and JO) were blinded
to the injection techniques. The exact
same dissection protocol was followed
for all cadavers, and dissection was initi-
ated no longer than 1 hour after injection.
For the purpose of this study, an injection
was considered successful when the two
dyes were separately situated in the upper
and lower joint spaces of the TMJ with no
mixing. In the pre-auricular area including
the TM1J region, the skin was stripped off.
The subcutaneous tissue including the su-
perficial musculoaponeurotic  system
(SMAS) and the parotid gland overlaying
the TMJ was removed. After the lateral
ligament and fibrous capsule had been
revealed, extracapsular spread of the dye
was evaluated. The capsule was partially
removed to investigate the upper and low-
er joint spaces. Intracapsular spread of the
dye was determined within both joint
spaces. Additionally, any spread of the

dye into the infratemporal fossa including
the lateral pterygoid muscle was also eval-
uated. Photographs were taken to record
the spread of the dye, and the localization
of the dye was meticulously noted.

Statistical analysis

The primary endpoint of this study was the
accuracy of the locations of the TMJ
injections in the upper and lower joint
spaces with each technique. A X2 test
was used to compare the success rate of
injections between the blind and ultra-
sound-guided injection techniques. Data
were analyzed using IBM SPSS Statistics
version 23.0 (IBM Corp., Armonk, NY,
USA). A P-value of <0.05 was considered
statistically significant.

Results

The key sonographic landmarks were
readily identified in the bony and articular
structures of the TMJ in the pre-auricular
region of all cadavers. The anatomical
landmarks for the blind technique were
mostly identified using careful palpation
and passive jaw movement; however the
expected TMJ locations on both sides of
two of the cadavers were somewhat am-
biguous.

The comparison of the accuracy of the
two techniques is summarized in Table 1.
For the upper joint space injections, the
ultrasound-guided injections were more
accurate than the blind technique injec-
tions, but the success rate was statistically
similar (blind 80% vs. ultrasound 100%,
P =0.474). For the lower joint space
injections, however, ultrasound-guided
injections resulted in a much higher suc-
cess rate (blind 30% vs. ultrasound 90%,
P =0.020). Overall, the accuracy of TMJ
injections, including both upper and lower
joint injections, was significantly greater
with the ultrasound-guided technique than
with the blind technique (blind 55% vs.
ultrasound 95%, P = 0.008).

In one ultrasound-guided injection, blue
dye from the lower joint space injection
was situated in the upper joint space. In
this case, the lower joint space of the TMJ

was atypically small in size. With the
exception of this joint, all other injections
using ultrasound showed clearly separated
dye locations that targeted the upper or
lower space of the TMJ (Fig. 2).

In contrast, there were many failed or
inappropriate injections in the blind tech-
nique cases, especially with regard to the
lower joint space. In the two failed cases
of upper joint space injection, the red dye
was situated within the lower joint space,
contrary to the target. There were seven
failed cases with the blind technique when
targeting the lower joint space, where
there was no intracapsular spread of the
injected dye. In two cases, the dye targeted
at the lower joint space was situated ante-
rior to the condylar neck, superficial to the
lateral pterygoid muscle (blue dye in
Fig. 3A). Mostly, the dye was observed
lateral and posterior to the condylar pro-
cess and posterior ramus (Fig. 3B, C). The
dye was located between the posterior
border of the mandible and parotid gland.
Even intramuscular spread of the dye was
observed in one lower joint injection. A
schematic diagram of the locations is
shown in Fig. 3D.

Discussion

In this cadaveric study, ultrasound-guided
TMIJ injection showed higher accuracy
than the conventional blind technique
for targeting injections at the joint spaces.
Also, ultrasound-guided injection target-
ing the lower joint space of the TMJ
showed consistently reliable results, while
the lower joint space injections using the
blind technique were less reliable.
Although ultrasound has some potential
advantages over other imaging modalities
for evaluating TMJ disorders"> '®, the re-
liability of ultrasound is not yet fully
established™. This limited use of ultra-
sound in TMJ disorders may result from
technical difficulties identifying detailed
pathological changes in small structures
and the operator-dependent nature of ul-
trasound. Indeed, the main weakness of
ultrasound is the limited imaging capacity
in the superior and medial part of the
condyle and disc in the TMJ’. These

Table 1. Comparison of the accuracy of temporomandibular joint injections using the blind
technique and the ultrasound-guided technique, as confirmed by anatomical dissection.

Success/total (%, 95% CI)

P-value
Blind technique US-guided technique
Upper joint space 8/10 (80%, 0.442-0.964) 10/10 (100%, 0.655-1.000) 0.474
Lower joint space 3/10 (30%, 0.080-0.646) 9/10 (90%, 0.541-0.994) 0.020
Total 11/20 (55%, 0.320-0.761) 19/20 (95%, 0.730-0.997) 0.008

CI, confidence interval; US, ultrasound.
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Fig. 2. Successful injections when using the ultrasound-guided approach. The two dyes could be identified after removal of (A) the lateral
ligament. (B) The red dye was identified in the upper joint space above the disc; (C) the blue dye was identified in the lower joint space below the

disc. (D) Schematic diagram.

structures are hidden by acoustic shadow-
ing in the zygomatic bone'”. However, for
the purpose of intra-articular injection of
the TMJ, the application of ultrasound was
found to be quite easy and reliable in this
study. Needle advancement under ultra-
sound guidance towards the glenoid fossa
and the tip of the condyle head was
achieved easily in all cases. This approach
targets the lateral recess of each joint
space of the TMIJ, and their expected
locations could be readily identified on
the ultrasound images. Considering that
the two joint spaces are clearly demarcat-
ed by a disc and its collateral ligaments,
the real-time ultrasound image of the
injectate filling the targeted joint space
could also clearly verify injectate admin-
istration within the space (Supplementa-
ry Material). In living subjects, dynamic
movement of the condylar head with real-
time ultrasound imaging could help easily
identify the exact location of the TMJ and
visualize the vascular structures around
the TMJ before the procedure.

In the present study, the blind technique
for TMJ injection was associated with
failed identification of the exact location
of the targeted joint space. The lateral
ligament is an intrinsic ligament continu-
ous with the fibrous capsule of the TMJ
and it attaches tightly to the condyle and
neck of the mandible'’. Hence, extracap-
sular spread of the injected agent does not
seem to be effective for administration. A
recent case report showed successful ul-
trasound-guided TMJ injection after an
initial failed blind technique in a patient
with lateral displacement of the mandibu-
lar condyle”. Other authors reported
lipoatrophy and depigmentation at the in-
jection site following steroid injection into
the TMJ, indicating a suspected extracap-
sular injection in an elderly patient’'. In
this study, as expected, multiple needle
manipulations were frequently required
for correct needle placement using the
blind technique. Meanwhile, the ultra-
sound approach resulted in the most suc-
cessful TMJ injections without multiple

attempts. Previous studies by the present
authors’ group have reported the detailed
anatomical location of facial nerves and
superficial temporal arteries in close prox-
imity to the TMJ, which could potentially
be damaged during an inaccurately placed
injection”>*. Therefore, ultrasound-guid-
ed injections should be considered in order
to achieve high accuracy and efficacy and
to minimize complications, especially in
patients whose TMIJs are expected to be
difficult to approach.

Of note, a high success rate of lower
joint space injection using ultrasound
over the blind technique was consistently
observed in this study. The TMJ cavity
actually consists of two separate joint
capsules: tight fibres attach to the disc
surrounding the lower part of the joint,
and loose fibres attach to the temporal
bone surrounding the upper part of the
joint'?. The lower joint space has a nar-
row cavity with a smaller amount of
synovial fluid than the upper space. In
addition, the lower lamina of the disc is
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Fig. 3. Failed injections when using anatomical landmarks based on the blind approach. The dyes injected into the lower joint space were situated
(A) anterior, (B) lateral, or (C) posterior to the condylar head. (D) Schematic diagram. The arrowhead in image B indicates the facial nerve trunk.
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composed of stiff fibrous tissue lacking
elastic fibres'®. As the capsular fibres
enclosing the lower joint space are very
tight, only rotation can be allowed within
the lower joint space, whereas sliding can
be done within the upper space'®. Also,
despite different morphologies of the
condyle, the condylar head is mostly
convex or round in shape in contrast to
the concave shape of the glenoid fossa.
Given these anatomical features of the
lower joint space, the proper needle tra-
jectory and depth in the targeted lower
joint space may be difficult to predict
when using the blind technique. Indeed,
we could not be fully sure when the
needle was in the correct place in the
lower joint space using the blind tech-
nique, even though we followed the
recommended method with careful
anatomical consideration.

Despite the technical difficulty of low-
er joint space injections, some studies
have reported promising results. Lower
joint space injections or both upper and
lower joint injections using steroids or
hyaluronic acid have shown better clini-
cal efficacy than upper joint injection
alone in TMJ disorders'*. Also, the injec-
tion of hyaluronic acid into the lower
joint space has been shown to promote
condylar reparative remodelling and
improve jaw function in patients with
TM]J osteoarthritis with anterior disc dis-
placement without reduction'®. The con-
dylar cartilage is a viscoelastic tissue;
histologically, it consists of different
functional zones including the prolifer-
ative zone’*. Abnormal remodelling of
the subchondral bone, inflammation,
and chondrocyte apoptosis at the condy-
lar head seem to be the main mechanisms
that contribute to the degeneration of
osteoarthritic cartilage”. This means that
the administration of therapeutic agent
into the lower joint space would be bene-
ficial in patients with mandibular condy-
lar pathologies”. Therefore, based on the
present study results, the clinical efficacy
of lower or double joint space injection
for TMJ disorders should be evaluated
using an ultrasound-guided approach in
controlled studies.

This study has several limitations. The
sample size was relatively small. Consid-
ering the cadaveric nature of this study,
tissue integrity and joint movement would
inevitably differ from those of living sub-
jects. Thus, the technique used for blind
injection in the present cadaveric study
may not represent the one used in patients.
The success rate of the blind technique
may therefore have been somewhat under-
rated in this study. However, it is believed

that these differences were unlikely to
affect the accuracy of the ultrasound-
guided injections. The interventional
procedures using ultrasound may be sig-
nificantly related to the physician’s expe-
rience and skill. As a single experienced
physician performed all ultrasound-guid-
ed injections in this study, further study is
needed to determine the generalizability
of the results.

In conclusion, this study demonstrated
that the ultrasound-guided approach has the
potential to enhance accuracy and safety
over the blind technique for TMJ injection
in a cadaveric model, especially when tar-
geting the lower joint space. Further studies
with a larger number of cadavers should be
performed to confirm the results of this
investigation. Also, evidence of improved
clinical outcomes of the ultrasound-guided
approach for TMJ injection should be in-
vestigated using controlled trials in patients
with TMJ disorders.
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this article can be found, in the online
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