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Abstract. Disc displacement is a common disorder affecting the temporomandibular
joint. According to previous publications, the displaced disc can be categorized into
pure anterior displacement and rotational displacement (anteromedial and
anterolateral). However, the technique of arthroscopy treatment has only been
reported for patients with pure anterior disc displacement. In this study, an
arthroscopic discopexy for rotational anterior disc displacement was developed and
its effectiveness evaluated over 24 months of follow-up. A total of 532 patients (749
joints) with rotational anterior disc displacement, admitted to Shanghai Ninth
People’s Hospital between January 2011 and December 2015, were included. The
success rate was based on clinical parameters (visual analogue scale (VAS) for pain,
maximum inter-incisal opening (MIO), and complications) and radiographic data.
The clinical and radiographic data were collected preoperatively and at 1, 6, 12, and
24 months postoperative. The VAS score decreased to 0.73 £ 1.43 following
surgery (P < 0.001). A significant improvement in MIO (34.73 £ 6.28 mm) was
also detected (P < 0.001). Magnetic resonance imaging showed discs repositioned
in both sagittal and coronal images for 714 of the 749 joints, giving a success rate of
95.3%. This study reports an effective and predictable technique of arthroscopic
discopexy for rotational anterior disc displacement.
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Disc displacement (DD) is a common
disorder of the temporomandibular joint
(TMJ) that often results in progressive

joint dysfunction, including clicking, ar-
thralgia, functional limitations, osteoar-
thritis, and even condylar resorption'~.

0901-5027/000001+010

An estimated 36% of the general popula-
tion has concerns about DD. According to
the guidelines approved by the American
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Society of Temporomandibular Joint Sur-
geons and the American Society of Max-
illofacial Surgeons, interventional
methods including arthroscopy and open
surgeries are recommended for patients
who have chronic pain or dysfunction
and who have failed to respond to conser-
vative treatments”.

In 1887, Annandale first described sur-
gical disc repositioning of the displaced
disc”. Since then, many alternative new
and modified TMJ disc repositioning tech-
niques with various success rates have
been advocated’. Mehra and Wolford®
inserted one Mitek anchor into the condyle
and fixed the disc with a special suture,
achieving good results. Nevertheless, the
outcomes were only evaluated clinically,
without an imaging assessment. Zhang
et al.” and He et al.” introduced a method
to reposition the displaced disc using Yang
mini-anchors fixed on the back of the
condyle, and immediate postoperative
magnetic resonance imaging (MRI) con-
firmed that over 96.3% of the joints had
successful disc repositioning. McCain
et al.' reported an arthroscopic technique
for TMJ disc repositioning that was used
on 11 joints with pure anterior DD. The
success rate reached up to 81.8%, but the
long-term stability remained unknown.
Later, Yang et al.” introduced a modified
arthroscopic technique of disc reposition-
ing and suturing for anterior DD with a
higher success rate of 95.42% on postop-
erative MRI.

With regard to the location of the dis-
placed disc, anterior DD of the TMJ can be
categorized into pure anterior displace-
ment and rotational displacement (antero-
lateral displacement and anteromedial
displacement), and these require different

repositioning techniques™'®. With the

advancements made in TMJ arthroscopy
and increased knowledge of the arthro-
scopic anatomy of the TMIJ'', various
techniques have been proposed to treat
TMJ DD. Previous studies have reported
arthroscopy treatment only for pure ante-
rior DD, and it appears that no article has
presented arthroscopic techniques to treat
rotational DD'%. Therefore, the purpose of
this study was to introduce new techniques
of arthroscopic discopexy for rotational
anterior DD and to evaluate their effec-
tiveness over 24 months of follow-up.

Materials and methods
Patient data

A retrospective study was conducted on
patients with rotational anterior DD, ad-
mitted to the Ninth People’s Hospital,
Shanghai Jiao Tong University School
of Medicine between January 2011 and
December 2015. The study was designed
in accordance with the Declaration of
Helsinki for research, and the protocol
was approved by the Ethics Committee
of Shanghai Jiao Tong University School
of Medicine. Informed consent was
obtained from all participants.

The following inclusion criteria were
applied®'>'3: (1) patient diagnosed with
rotational anterior DD (anterolateral or
anteromedial) on MRI; (2) Wilkes stages
II, III, or IV, with no response to prior
conservative treatments; (3) the patient
had undergone arthroscopy treatment
(patients who had undergone open disco-
pexy were excluded). Exclusion criteria
were (1) septic arthritis or synovial chon-
dromatosis, (2) disc perforation, (3) lack

of pre- and/or postoperative MRI, and (4)
previously operated joints.

The diagnosis of DD was based on the
preoperative MRI examination. Patients
included were classified as having ante-
rolateral or anteromedial DD according to
the criteria of Foucart et al.”: (1) the DD
was defined as anterolateral if the posterior
part of the posterior band was located in
front of the superior-most head of the
condyle in the sagittal image, and the
lateral point of the disc (Fig. 1A, point
D) was located below the lateral pole of
the condyle (Fig. 1A, point C) in the
coronal image”'’; (2) the DD was defined
as anteromedial if the posterior part of the
posterior band was located in front of the
superior-most head of the condyle in the
sagittal image, and the medial point of the
disc (Fig. 1B, point D) was located below
the medial pole of the condyle (Fig. 1B,
point C) in the coronal Image’'°.

Surgical technique

A 2.7-mm 0° arthroscope set (Stryker, San
Jose, CA, USA) with a 3.2-mm outer
protective cannula, a video surveillance
system, and an image printer were used.
In addition, customized suture equipment
(Shanghai ShenDing Industrial Co. Ltd,
Shanghai, China) including a 12-gauge
suture needle, a pair of self-designed grip-
pers (a lasso-type and a hook-type), and a
surgical suture (medical woven polyester
with an inner core) were also used”.

For all patients, the surgical procedures
were performed by the same surgeon (C.
Y.) with 28 years of experience in TMJ
arthroscopic surgery.

In accordance with the protocol for pure
anterior DD, the surgical procedures for

Fig. 1. Classification of disc displacement under MRI examination: (A) coronal image showing anterolateral disc displacement, in which the
lateral point of the disc (point D) is located below the lateral pole of the condyle (point C); (B) coronal image showing anteromedial disc
displacement, in which the medial point of the disc (point D) is located below the medial pole of the condyle (point C).
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rotational anterior DD comprised a com-
bination of anterior release, disc reduction,
and disc suture, which were performed
through five to six punctures (Fig. 2),
under local anaesthesia (2% lidocaine)
to avoid pain and to decrease bleeding'>.

Main and key points of rotational anterior
DD

The first puncture, located on the concavi-
ty of the glenoid fossa, aimed at diagnostic
arthroscopy. To access this puncture site,
the patient was asked to adopt an open-
mouth position. The surgeon then used a
thumb to mark the posterior slope of the
articular eminence and the condylar pro-
cess. The point at the intersection of the
two lines was determined, and the first
puncture site was located 1-2 mm back-
wards from this point (Fig. 3). At this site,
an arthroscopic cannula was inserted in a
forward and upward direction (15-45°)
into the superior joint space.

After a thorough arthroscopic explora-
tion, the second puncture for anterior re-
lease was made; this was done in the
closed-mouth position. The line of the
anterior slope of the eminence was marked
with the thumb. Next, a second cannula
was placed on the body surface parallel to
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the arthroscopic cannula, which went into
the anterior recess, and was located in the
outer-most part of the lateral cavity
(Fig. 4). The point of intersection of the
two lines was identified. For anterolateral
DD, the second puncture point was 1—
2 mm behind the intersection point and
in a forward direction (the tip was turned
15° clockwise to the horizontal line)
(Fig. 5A, B). For anteromedial DD, how-
ever, the puncture point was 1-2 mm more
forward. Accordingly, the direction of this
puncture was designed backwards (the tip
turned 15° anticlockwise to the horizontal
line) (Fig. 5C, D). Under arthroscopic
visualization, a coblation probe was then
inserted into the working cannula'®. The
incision line was made 2—-3 mm anterior to
the anterior band from medial to lateral.
Following this, trocars were used for fur-
ther tissue separation and to push the disc
backwards.

For disc reduction, the third puncture
point (also named the body projection)
was made between the first and the second
puncture sites, usually 10—15 mm ahead of
the first one. This time, the arthroscopic
cannula was pulled back from the anterior
crypt towards the lateral ridge of the artic-
ular tubercle, the narrowest part of the
intermediary cavity. A 12-gauge suture

Chiyang

needle was then inserted into the border
between the bilaminar zone and the pos-
terior band in a forward and upward ori-
entation for anterolateral DD. For
anteromedial DD, the puncture point
was moved 1-2 mm forwards, and a back-
ward and downward direction was used.
The tip of the needle came in and out from
lateral to medial, but was directed more
laterally (Figs 6 and 7).

Accordingly, the fourth and fifth punc-
tures were performed through the anterior
wall of the external auditory canal, usually
5-10 mm away from the tip of the tragus.
Through these punctures, two customized
suture grippers were used to catch the
surgical suture from the 12-gauge suture
needle? (Fig. 8).

In order to maintain the stability of the
disc, a second suture is commonly recom-
mended. The point of this puncture (sixth)
was usually 5 mm posterior to the third
puncture. And then again followed by
lasso type (fourth) and hook type (fifth)
suture gripper insertion.

After suturing, the coblation probe and
trocars were again used at the second site
for a complete anterior release.

To reposition the anterolateral dis-
placed disc, the sutures were pulled
backwards and inwards, whereas to re-

Fig. 2. (A) Clinical photo showing all six arthroscopic cannulae in place: (1) first (fossa) puncture cannula, (2) second (eminence) cannula, (3) 12-
gauge needle insertion, (4) lasso type suture gripper insertion through transmeatal puncture, (5) hook type suture gripper insertion through
transmeatal puncture, (6) 12-gauge needle insertion for the second suture, then again followed by lasso type and hook type suture gripper insertion
(B) Schematic diagram showing the locations of the five cannulae (the first suture).
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Fig. 3. The first arthroscopic puncture located on the concavity of the glenoid fossa. In the open-mouth position, the surgeon used a thumb to mark
the posterior slope of the articular eminence (A) and the condylar process (B); the point at the intersection of the two lines was determined (C), and
the first puncture site was located 1-2 mm backwards from this point (D).

Fig. 4. In the closed-mouth position, the surgeon’s thumb was used to mark the line of the anterior slope of the articular eminence (A). Then, a
second cannula was placed on the body surface parallel to the arthroscopic cannula (B), in order to locate the second puncture site (C and D).

position the anteromedial displaced disc,
the direction was changed to backwards
and outwards (Fig. 9). After the final
arthroscopic evaluation, the sutures were
tied at the fourth and sixth punctures,
with the knots positioned underneath the
tragus cartilage.

Antibiotics and non-steroidal anti-in-
flammatory drugs were routinely pre-
scribed and the patients were instructed
to follow a soft diet for 3 days postop-
erative’. Mouth opening exercises were
then started 1 week after the operation.
For patients with a transient postopera-

tive malocclusion, a functional appli-
ance was recommended'>'°.

Postoperative evaluation

Patients were followed up regularly at 1,
6, 12, and 24 months postoperative. At
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Fig. 5. Schematic diagrams and clinical photos demonstrating the insertion of the second puncture in a forward direction in the case of
anterolateral disc displacement (A, B) and backward direction for anteromedial disc displacement (C, D).

Fig. 6. (A) 5-gauge needle (2%]lidocaine) was inserted to avoid pain as well as to work as a guidance for the third puncture. (B) 12-gauge suturing
needle was then inserted in (following the mark of anesthesia needle). (C) under the arthroscopy, the tip of suturing needle went through the lateral
point into the border of the bilaminar zone and the posterior band. (D) and then came out from the medial point.

these follow-up appointments, pain was the maximum inter-incisal

evaluated using a visual analogue scale
(VAS; with a score of 0 to 10, higher
scores indicating more severe pain) and

opening
(MIO) was measured'”'®.  Successful
repositioning of the disc was determined
on MRI evaluation at 24 months postop-

erative (the disc was assessed in both
sagittal and coronal images). The success
rate was based on both the clinical and
MRI evaluation.
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Fig. 7. A 12-gauge suture needle was then inserted into the border of the bilaminar zone and the posterior band, in a forward and upward
orientation for anterolateral disc displacement (A), and in a backward and downward direction for anteromedial disc displacement (B).

Chiyang

Fig. 8. Schematic diagrams and arthroscopic photos showing the customized suture grippers (lasso type) that were used to catch the surgical suture
(A, B), and the customized suture grippers (hook type) (C, D).

Statistical analysis

Data including descriptive statistics and
categorical variables were obtained. The
data analysis was performed using IBM
SPSS Statistics version 21.0 (IBM Corp.,
Armonk, NY, USA). The parametric paired
t-test was used for continuous variables and
the x? test for categorical variables. A

probability value under 0.05 (P < 0.05)
was considered as statistically significant.

Results

A total of 1570 joints in 1193 patients
were assessed for eligibility for inclusion
in the study. Of these, 821 joints were not

eligible (530 for pure anterior DD, five for
septic arthritis, 34 for synovial chondro-
matosis, 87 for disc perforation, and 165
due to patients who were not compliant or
who had MRI done at other hospitals),
resulting in a total of 749 joints reviewed
in this study. The age of the patients
ranged from 13 to 63 years (mean
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Fig. 9. To reposition the anterolateral displaced disc, sutures were pulled backwards and inwards (A), and to reposition the anteromedial displaced
disc, the direction was changed to backwards and outwards (B).

21.23 + 3.53 years). In this study, 408
joints with anterolateral DD and 341 joints
with anteromedial DD underwent arthros-
copy treatment (Table 1).

The mean VAS score for pain was
2.06 £ 2.13 before surgery and decreased
t0 0.96 + 1.56 at 6 months, 0.79 4+ 1.24 at
12 months, and 0.73 =+ 1.43 at 24 months
postoperative, with almost no episodes of
pain reported at the subsequent follow-up
visits (P < 0.001) (Table 2).

The mean preoperative MIO was
26.65 + 7.87 mm. A significant improve-
ment of up to 6 mm was detected at the 6-
month follow-up. The mean postoperative
values were 32.68 £6.37mm at
6 months, 34.02 &+ 6.12 mm at 12 months,
and 34.73 4+ 6.28 mm at 24 months post-
operative (P < 0.001).

A success rate of 95.3% (714 joints) was
calculated based on MRI evaluation at
24 months postoperative: the disc was

Table 1. Baseline characteristics of the patients.

Characteristic
Sex, n (%)

Male 147 (27.6)
Female 385 (72.4)
Age (years), mean £ SD 21.23 £3.53

Side, n (%)

Unilateral 315 (59.2)
Bilateral 217 (40.8)
Pain VAS score®, mean & SD 2.06 +£2.13
MIO® (mm), mean + SD 26.65 £ 7.87

Classification, n (%)
Anterolateral disc displacement 408° (54.5)
Anteromedial disc displacement 341° (45.5)

SD, standard deviation.

#The visual analogue scale (VAS) score for pain is a score from 0 to 10, in which a higher

score indicates more severe pain.

®Maximum inter-incisal opening (MIO) evaluates the movement of the TMJ.

¢ The numbers of joints.

Table 2. Pain VAS scores, MIO, and complications over time following arthroscopy treatment®.

Follow-up  Pain VAS P-value® MIO, mm P-value®  Complications (1)

1 month 2.08+£227 - 2691 £7.02 - Severe bleeding (3)

6 months 096 £1.56 <0.001 3268 £6.37 <0.001 Nerve injury (8)

12 months  0.79 + 1.24  <0.001 34.02 £6.12 <0.001 Rejection reaction (2)
24 months  0.73 £1.43  <0.001 3473 £6.28  <0.001

MIO, maximum inter-incisal opening; VAS, visual analogue scale.
?Results are presented as the mean + standard deviation values.
b P-values were calculated by #-test for continuous variables and by X? test for categorical

variables.

found to be repositioned in both sagittal
and coronal images, and new bone forma-
tion was identified on the apex of the
condyle (Fig. 10).

Postoperative complications were en-
countered in 13 joints, which included
severe bleeding requiring percutaneous
suture (n=3), masseteric nerve injury
(n=28), and suture rejection reactions
(n=2).

Discussion

DD is a common disorder of the TMJ and
often results in clicking, pain, limited
mandibular movements, and even masti-
catory difficulties'?. According to previ-
ous studies, it affects one-third of the
general population, with a higher preva-
lence in women'®. Based on MRI of the
TMIJ, which is considered an accurate
technique for the diagnosis of internal
derangement, anterior DD may occur
alone or in combination with medial or
lateral shifts”>*'. Foucart et al.’ reported a
rotational DD rate of 40.2% in 171 joints
with anterior DD and considered this an
important aspect of internal derangement.
In the present study, 749 joints with rota-
tional anterior DD fulfilled the inclusion
criteria, in which lateral displacement pre-
dominated, with a lateral-to-medial ratio
of 1.2:1.

In the 1990s, McCain et al.' introduced
an arthroscopic technique for the manage-
ment of anterior DD. Subsequently, Yang
etal.” modified the arthroscopic reposition-
ing and suturing technique for pure anterior
DD and reported its use in 2167 patients,
with a success rate of 95.42%. However,
these studies focused on pure anterior DD
without presenting any alternative method
for other types of DD. Thus this article
introduces a new technique of arthroscopic
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Fig. 10. MRI of the TMJ before surgery (A: coronal view; B: sagittal view), 6 months after surgery (C: coronal view; D: sagittal view), and at 24
months after surgery (E: coronal view; F: sagittal view) in the same patient, showing successful disc recapture and new bone formation of condylar
remodelling. The white dotted line defines the TMJ disc; the white arrows mark the new bone formation.

disc repositioning and suturing for rotation-
al anterior displacement including antero-
lateral and anteromedial DD.

Compared to pure anterior DD***%*, the
surgical procedure for rotational anterior DD
is more difficult and complicated, as the disc

requires repositioning in both the sagittal and
coronal direction. Therefore, the puncture
technique and direction of suture are the
main and key points for success.

In this study, the first puncture point was
1-2 mm backwards from the intersection

point of the posterior slope of the emi-
nence and the condylar process. Accord-
ing to McCain et al.', this can effectively
avoid damage to the blood vessel bundles,
thus reducing bleeding during the punc-
ture process. Through this puncture, the
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arthroscopy, which started from the pos-
terior recess, went through the intermedi-
ary space and lateral groove and then into
the anterior recess. This not only provides
a clear view of the whole upper cavity, but
also leaves enough space for further sur-
gical procedures.

According to Yang et al.>'*, complete
release of the anterior attachment from
medial to lateral with only 2 mm depth
plays an important role in achieving a
complete disc repositioning. However,
for anterolateral DD, the strong lateral
ligament makes it difficult to perform
the release of the lateral part of the anterior
attachment. Regarding anteromedial DD,
the anatomical weakness of the condylar
medial sulcus potentially obstructs the
anterior release of the medial attachment
to be conducted under direct arthroscopic
visualization. Therefore, the second punc-
ture was designed differently from that
used in pure anterior DD. Comparatively,
the puncture site for anterolateral DD was
moved more backwards from the anterior
surface of the eminence in order to cut the
lateral part of the disc, and for anterome-
dial DD it was moved more forwards to
cut the medial part of the disc. Moreover,
in order to obtain complete release, a
trocar with a sharp blade was often used
afterwards to separate the ligaments while
avoiding neurovascular bundle injury.

For disc reduction, the ideal puncture
point (third) is usually 10-15 mm ahead of
the first one. For rotational DD, this punc-
ture was moved more backwards (antero-
lateral) or forwards (anteromedial) to
ensure that the 12-gauge suture needle
was nearly parallel to the horizontal axis
of the disc. According to a previous study,
if the direction of traction is inconsistent
with the anteroposterior axis of the disc, it
may be unable to resist the strength of the
lateral pterygoid muscle, which may in-
terfere with postoperative stability”. Fur-
thermore, the third puncture site was
required to be made above the lowest point
of the eminence in order to avoid the
challenge following disc suturing.

The suture technique used for rotational
anterior DD was also different from that
used in pure anterior DD. The latter can be
reduced by a posterior pull suture. For
rotational anterior DD, the suture was
fastened in a backwards and inwards di-
rection for anterolateral displacement, or a
backwards and outwards direction for
anteromedial displacement. Only in this
way can the disc acquire the anterior/pos-
terior (sagittal) and the inner/outer (coro-
nal) reposition simultaneously.

In this study, the rotationally displaced
disc was repositioned with a success rate
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0f 95.3% according to the follow-up MRIs
at 24 months postoperative. In most stud-
ies reported in the literature, a significant
decrease in VAS pain score was achieved
postoperatively. In the present study, the
mean VAS score decreased from 2.06
preoperative to 0.73 during the follow-
up period. Furthermore, the statistical
analysis also showed an obvious improve-
ment in MIO (8.98 mm) in patients treated
by TMIJ arthroscopic disc repositioning
and suturing.

In the study by Yang et al., a total of two
sutures contributed to a temporary over-
correction (the anterior band with vessels
could be seen in the intermediary space
under arthroscopic evaluation; the border
between the bilaminar zone and posterior
band was located at 1-2 o’clock on the
condylar process on postoperative MRI),
which helped avoid relapse of the DD In
this study, a second suture was performed
in 733 joints to hold enough tissue for disc
reduction of the rotation cases.

The postoperative complications seen
in seven of the patients with rotational
DD in this study are in accordance with
those reported for pure anterior DD.
Zhang et al.** reported complications in-
cluding haemorrhage of the lateral ptery-
goid muscle, masseteric muscle nerve
injuries, and rejection reaction. In a large
retrospective study, the reported compli-
cations included external auditory canal
lacerations, auriculotemporal nerve inju-
ry, facial nerve paresis, and alteration of
the ipsilateral visual accuracy”.

Previous research on patients with an-
terior DD who received no treatment
showed that the TMJ disc became more
anteriorly displaced and shortened after
10.7 months of follow-up of the natural
course’®. Furthermore, the disc can only
be successfully repositioned when the
form and length of the disc are normal
or close to normal. Otherwise, it would be
very difficult to perform disc recapture if
the disc was very short or deformed. Ac-
cordingly, reliable disc repositioning is
best performed only prior to disc defor-
mation and shortening.

There are two techniques of TMJ disc
repositioning for the management of TMJ
DD: arthroscopic surgery and open disco-
pexy'’. With the arthroscopic technique?,
the disc is repositioned by anterior release
and is sutured to the external auditory
meatus. This represents an effective tech-
nique for early internal derangement, but
is often inadequate for longstanding cases
of DD, as the posterior band is quite thick
making arthroscopic repositioning chal-
lenging and often unstable. In these
patients, open discopexy with mini-anchor

fixation is the treatment of choice® *. Re-
garding stability, the authors believe that
disc fixation to the condyle using a Yang
mini-anchor screw is more stable than
arthroscopic suturing of the disc to the
soft tissues anterior to the external ear.
However, arthroscopic discopexy shows
superior joint biomechanics.

This technique still has some limita-
tions. It is inadequate for some patients
with a longstanding history of DD or who
are in the late stages of DD, and the
technical requirement is relatively high.
As the technique is complex and challeng-
ing, regular training is required to help the
surgeon through the learning curve. The
operator must have knowledge of open
TMIJ surgery and exceptional arthroscopic
puncture and triangulation skills, in addi-
tion to excellent surgical skills. Therefore,
the authors believe that this technique will
be adopted among surgeons who are sin-
cere in learning and practice.

In conclusion, this article describes an
arthroscopic discopexy for the manage-
ment of rotational anterior DD of the
TMJ. In this study, significant improve-
ments in MIO and VAS score for pain
were reported during 24 months of follow-
up after arthroscopic discopexy based on
Yang’s technique. However, patients with
DD with disc perforation were not includ-
ed, which represents a shortcoming.
According to Liu et al.?’, perforation,
which usually occurs in the lateral part
of the articular disc, is also a special type
of DD; hence, there is the need to present
further techniques for such cases in future
studies. The long-term results, including
the relapse rate and condylar remodelling,
will be investigated in future studies.
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