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Abstract. Temporomandibular joint (TMJ) arthroscopy is a minimally invasive
surgical procedure proposed for diverse TMJ intra-articular disorders. A
prospective study was designed with the aim of investigating intraoperative and
postoperative surgical complications for single and double-portal TMJ arthroscopy.
All interventions were performed by one surgeon with the same surgical protocol. A
total of 55 patients were enrolled, resulting in 82 TMJ arthroscopies (28 unilateral
and 27 bilateral). A total of 39 single portal (47.57%) and 43 double-portal (52.43%)
arthroscopies were performed. No severe and irreversible complications were
observed. Most complications were resolved after 4 weeks. Double-portal was
associated with more complications (n = 23) compared with single-portal TMJ
arthroscopy (n = 14), with a statistically significant difference found between single
and double-portal TMJ arthroscopy in two intraoperative complications: intra-
articular bleeding (P = 0.044) and oedema of the preauricular area (P = 0.042). This
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study confirms the safety of TMJ arthroscopy for single and double-portal
procedures, with the authors suggesting a multicentre study, in an effort to minimize Accepted for publication 21 July 2020
any possible bias. Available online 22 January 2021
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Temporomandibular joint (TMJ) arthros-
copy is a minimally invasive surgical pro-
cedure proposed for diverse TMJ intra-
articular disorders. This technique is con-
sidered safe by most authors'?, however,
intraoperative and postoperative compli-
cations have been reported® ®. The com-
parisons of surgical complications in TMJ
arthroscopy between different authors can
be associated with bias due to the use of
different protocols. In Europe, most TMJ
surgeons perform arthroscopy under gen-
eral anaesthesia, whereas in Asia others
have performed the same intervention un-
der local anaesthesia. The majority of
surgeons use a 30° arthroscope, while
others prefer to use a 0° arthroscope,
changing the intra-articular perspective.
The arthroscope diameter used is also
different amongst TMJ surgeons, usually
varying from 1.9 mm to 2.3 mm. The pos-
terior and anterior entry point, the lavage
solution, pressure and the supplementation
substance also vary between authors. The
armamentarium is also different world-
wide, with some surgeons having designed
specific instruments for TMJ arthroscopy.
The authors suggest that these changes in
TMI arthroscopic approach can contribute
to different intraoperative and postopera-
tive complications. The most common
surgical complications are: (1) bleeding;
(2) oedema of the preauricular area; (3)
pharyngeal oedema; (4) instrument frac-
ture; (5) laceration of the external auditory
canal; (6) lesion of the facial nerve; (7)
lesion of the trigeminal nerve; (8) alter-
ation of visual accuracy. This prospective
study aims to compare TMJ arthroscopic
complications using single versus double-
portal procedure in a strict surgical proto-
col.

Material and Methods
Study Design

This prospective study was conducted at
Instituto Portugués da Face, Lisboa,
Portugal from 1 January 2017 to 31 De-
cember 2019. The study protocol was
approved by the ethics committee of Cen-
tro Academico de Medicina de Lisboa. All

the enrolled participants gave their in-
formed, clarified and free term of consent
in writing and in accordance with current
legislation. Participant data was scrubbed
of any personal identifying parameters,
and all participants received a random ID
number. Criteria for study inclusion and
exclusion are represented in Table 1.
Bilateral arthroscopies were analysed as
isolated unilateral arthroscopies. No dis-
tinction was made between left and right
sides.

Data Collection

A database was created to register patient
intraoperative and postoperative compli-
cations: (1) extra-articular bleeding poste-
rior puncture; (2) extra-articular bleeding
anterior puncture; (3) intra-articular bleed-
ing; (4) oedema of the preauricular area;
(5) pharyngeal oedema; (6) instrument
fracture; (7) laceration of the external
auditory canal; (8) VII frontal branch
nerve damage; (9) VII zygomatic branch
nerve damage; (10) auriculotemporal
nerve damage; (11) inferior alveolar nerve
damage; (12) alteration of visual accuracy.
The outcomes were registered in a
dichotomic model of ‘yes’ or ‘no’. A
detailed outcomes assessment is described
in Supplementary Table S1.

Surgical Protocol

Before surgery, the patients rinsed their
mouths three times with a chlorohexidine
mouthwash solution, for 2 min. All
patients underwent the same surgical pro-
tocol under general anaesthesia with
nasoendotracheal intubation. Before drap-
ing, surgical skin preparation was made
with betadine solution. The external audi-
tory canal was packed with half of a fat
gauze.

Single portal

A 1.9-mm arthroscope including a video
system, with a 2.8-mm outer protective
cannula (Stryker, San Jose, CA, USA),
was used for level 1 TMJ arthroscopy.
Additional equipment included a surgical

Table 1. Criteria for study inclusion and exclusion.

scalpel (#11 blade), infusion tube, three-
way pipe, 21-G needle and Ringer solution
as part of the armamentarium. For single-
portal TMJ arthroscopy, the authors used
the classic puncture with the entry point
10 mm anterior and 2 mm below the
Holmlund-Hellsing (H-H) line to insert
a 21-G needle with 5 cc of Ringer Lactate
to perform superior joint space distension.
The arthroscope was inserted in a forward
and upward direction (15° and 45°, respec-
tively) into the superior joint space. A
posterior puncture with a 21-G needle
was performed 30 mm anterior and
7 mm below the H-H line to wash the
joint with 250-300 ml Ringer solution
with manual pressure, controlled by the
assistant surgeon. All the aforementioned
steps were performed with the patient in
middle mouth opening and medium pro-
trusion. After washing the joint with 250-
300 ml Ringer solution, and a rigorous
inspection of the superior joint space,
1.8-2.0 cc of hyaluronic acid (Synvisc)
was injected into the joint using the 2.8-
mm outer protective cannula irrigation
pipe. After removal of the needle and
arthroscope, surgical glue was used to
close the skin. If unusual bleeding was
noticed in the surgical entry points, a
haemostatic suture was performed with
nylon 4/0.

Double portal

For level 2 TMIJ arthroscopy, the arthro-
scope was positioned in a more anterior
position to the eminence slope. The ante-
rior puncture was substituted by a 2.8-mm
outer protective cannula with a shape tro-
car. If this puncture did not succeed after
three attempts, the second point of entry
was changed to 40 mm anterior and
12 mm below the H-H. When the surgical
triangulation was performed, different
techniques were used: intrasynovial med-
ication, tissue coblation with ReFlex Ultra
45 Plasma Wand system or myotomy.
Antibiotics, non-steroidal anti-inflam-
matory drugs and corticoids were routine-
ly prescribed after surgery and the patient
was discharged on the same day. Patients
were instructed to follow a soft diet for

Inclusion

Exclusion

Age >16 years

Articular TMD with criteria for TMJ arthroscopy surgery

MRI presenting intra-articular pathology
Level 1,2 TMJ arthroscopy

Age <16 years
Previous TMIJ surgical intervention
Previous facial trauma

Level 3 TMIJ arthroscopy

MRI, magnetic resonance imaging; TMD, temporomandibular disorder; TMJ, temporomandibular joint.
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Table 2. Surgical complications for level 1 (single-portal) and level 2 (double-portal) temporomandibular joint arthroscopies.

Cases (%)

Complications

Level 1 (L1) Level 2 (L2) L1 +L2

n =39 n=43 n=_82

Extra-articular bleeding posterior puncture 2 (5.1%) 3 (7.0%) 5 (6.1%)
Extra-articular bleeding anterior puncture 0 (0%) 0 (0%) 0 (0%)
Intra-articular bleeding 0 (0%) 4 (9.3%) 4 (4.9%)
Oedema of the preauricular area 9 (23.1%) 3 (7.0%) 12 (14.6%)
Pharyngeal oedema 0 (0%) 0 (0%) 0 (0%)
Instrument fracture 0 (0%) 3 (7.0%) 3 (3.7%)
Laceration of the external auditory canal 0 (0%) 2 (4.7%) 2 (2.4%)
VII frontal branch nerve damage 0 (0%) 3 (7.0%) 3 (3.7%)
VII zygomatic branch nerve damage 0 (0%) 1 (2.3%) 1 (1.2%)
Auriculotemporal nerve damage 3 (7.7%) 4 (9.3%) 7 (8.5%)
Inferior alveolar nerve damage 0 (0%) 0 (0%) 0 (0%)
Alterations of visual accuracy 0 (0%) 0 (0%) 0 (0%)

3 days after surgery and physiotherapy
exercise sessions started 5 days after in-
tervention.

Statistical Analysis

All statistical analyses were performed
using IBM SPSS Statistics for Windows,
version 26 (IBM Corp, Armonk, NY,
USA). A comparison of outcomes be-
tween single-portal (L1) and double-portal
(L2) TMI arthroscopies was performed for
all 12 studied surgical complications. A
parametric test, namely a paired Student’s
t-test between L1 and L2 was determined
for each variable.

Results

A total of 55 patients were enrolled; 45
(81.8%) were female and 10 (18.2%) were
male, and their mean age was
39.40 £ 16.78 years (range 16—79 years).
Of the 55 patients, 27 underwent bilateral
arthroscopy and 28 patients had unilateral
arthroscopy. A total of 39 (47.57%) sin-
gle-portal and 43 (52.43%) double-portal
arthroscopies were performed. Patient
characteristics are summarized in Supple-
mentary Table S2.

In single-portal arthroscopy, the authors
only observed complications for: (1) pre-
auricular oedema (23.1%); (2) auriculo-
temporal nerve damage (7.7%); and (3)
extra-articular bleeding posterior puncture
(5.1%). Oedema and bleeding were not
severe in any of the cases, not being
considered a real complication as the pa-
tient suffered no disturbance from it. The
auriculotemporal nerve damage with par-
aesthesia of the ear territory was not per-
manent and returned to normal nerve
function in 4 weeks.

Regarding double-portal arthroscopy,
the authors observed complications for:
(1) intra-articular bleeding (9.3%); (2)
auriculotemporal nerve damage (9.3%);
(3) instrument fracture (7%); (4) VII fron-
tal branch nerve damage (7%); (5) oedema
of the preauricular area (7%); (6) extra-
articular bleeding posterior puncture
(7%); (7) laceration of the external audi-
tory canal (4.7%); and (8) VII zygomatic
branch nerve damage (2.3%) (Table 2).
All these complications were observed
during or immediately after the surgery,
exception for the two cases with laceration
of the external auditory canal. The intra-
articular bleeding was not severe in any of
the cases, and was controlled by increas-
ing the flow speed inside the joint as a first
measure, and if unsuccessful, coblation
was performed as a second measure.
The small Fogarty catheter to control
intra-articular bleeding was not necessary
in any of the cases. All cases with aur-
iculotemporal nerve damage (n=4) re-
covered after 4 weeks, except for one
patient that needed 8 weeks to achieve a
full recovery. Instrument fracture was ob-
served in three interventions, and repeat-
edly on the connection of the 2.8-mm
outer protective cannula from Stryker (ref-
erence 502144550), as observed in
Fig. 1A. No surgical implications were
associated, as the authors had a second
instrument set and the broken instrument
was replaced. The authors did not use
excessive force or caused any damage that
would justify the occurrence. A notifica-
tion was sent to the manufacturer. The
frontal branch nerve damage was observed
in three patients, and was confirmed 1 day
postoperatively. This paralysis was not
permanent and normal function returned
in 8 weeks. The zygomatic branch nerve

damage was only observed in one patient
with normal function achieved 8 weeks
postoperative. As observed in the single
portal technique, oedema of the preauri-
cular area and the bleeding was not severe
in any of the cases, and was not considered
as a real complication. The most delicate
complications were the laceration of the
external auditory canal noticed in two
patients after TMJ arthroscopy level 2
(Fig. 1B, C). The management of those
patients was made in collaboration with
the otorhinolaryngologist using antibiotics
in the main, without the need of surgical
intervention.

Regarding the statistical analysis, a
paired Student’s #-test between arthrosco-
pies level 1 (L1) and level 2 (L2) revealed
a statistically significant difference
(P < 0.05) for two intraoperative compli-
cations: intra-articular bleeding
(P =0.044) and oedema of the preauricu-
lar area (P = 0.042). These results can be
seen highlighted in bold in Supplementary
Table S3.

Discussion

TMI arthroscopy is considered safe'?, but
intraoperative and postoperative compli-
cations have been reported” *. Most stud-
ies do not specify in detail the surgical
armamentarium and protocol”'® and to
our knowledge none has compared com-
plications of single versus double portals
in TMJ arthroscopy. In Table 3, available
results are compared"®''"'>. In single-
portal arthroscopy, the most common
complication found was oedema in
the preauricular area (n=9, 23.1%). In
the authors’ experience, multiple attempts
to achieve a functional outflow and/or a
non-effective outflow are the main reasons



1092  Angelo et al.

Fig. 1. (A) instrument fracture area in the connection zone of the 2.8-mm outer protective cannula from Stryker (ref. 502144550); (B) computed
tomography (CT) scan after left TMJ arthroscopy level 2 to remove condrosynovial fragments, highlighting a communication between the TMJ
and the external auditory canal; (C) CT scan after left TMJ arthroscopy level 2 with coblation of the retrodiscal tissue, presenting a small fracture of

the anterior wall of the external auditory canal.

for a major solution extravasation. Previ-
ous studies have associated the sensory
damage to be more likely related to fluid
extravasation phenomena rather than from
direct injury during penetration with the
cannula®’. A non-effective outflow can,
apart from preauricular oedema, result in a
more severe complication: pharapharyn-
geal oedema which can lead to airway
obstruction. However, in 2015, Karim
et al. reported a case of parapharyngeal
swelling after TMJ arthroscopy® not asso-
ciated with inefficient outflow. They man-
aged the case by delaying extubation for
1 h. Special care must be taken by surgeon
and anaesthesiologist, detecting possible
parapharyngeal swelling, even with effec-
tive outflow. Using a double-portal, the
authors observed less oedema in the pre-
auricular area (n = 3, 7%) when compared
with single-portal results. One possible
explanation is due to the functional work-
ing cannula being more effective in the
outflow, comparatively with the 21-G nee-
dle anterior puncture used in the single-
portal technique. This could provide in-
sight into understanding the data from
Tsuyama et al.'' where the auriculotem-
poral nerve damage was the second most
common complication in single-portal
TMJ arthroscopy (rn =3, 7.7%). Gonzalez

et al., in 2006, reported a 0.15% rate for
auriculotemporal nerve damage', but
Weinberg et al. found auriculotemporal
nerve injury in 29.6% of the cases'®. As
reported in other studies, all nerve injury
cases recovered completely in 6 weeks,
and thus, the most appropriate medical
term when describing this nerve damage
should be secondary neuropraxia.
Extra-articular bleeding in the posterior
puncture was not frequent (n =2, 5.1%).
Most studies did not evaluate this out-
come. The puncture bleeding is most like-
ly to be associated with temporal vessel
injury. An anatomic study in 31 cadavers
reported the traditional puncture site was
located often adjacent to the temporal
vessels, always anterior, however, the ves-
sels were not damaged'’. McCain et al.
reported that the temporal vessels can be
avoided by the use of two techniques: (1)
palpation of the vessels in order to avoid
them; (2) using a lateral puncturing tech-
nique, in which the most posterior punc-
ture into the superior joint space is 10 mm
anterior to the midportion of the tragus on
the tragus—canthus line. The authors used
this technique; however, in two cases,
temporal bleeding was noticed. For double
puncture, no difference was seen, with
three cases presenting bleeding in the

posterior puncture, with all of them being
easily controlled with gauze compression.
In total (n=82), the authors observed a
posterior puncture bleeding rate of 6.1%,
with bleeding not being severe in any of
the cases. In single puncture, no intra-
articular bleeding was observed, whereas
in double puncture, a 9.3% (n =4) intra-
articular bleeding was noticed. This com-
plication can lead to intraoperative diffi-
culty in visualization and a consequent
interruption of the procedure, as well as
postoperative hemarthrosis with possible
association with future trismus or intra-
articular adhesions. Our data is similar to
that of Gonzalez et al., where it was
reported that 8.5% of the bleeding was
in the superior space', although not speci-
fying whether it was for single or double
punctures. The laceration of the external
auditory canal was, to the authors, the
most severe complication, causing dis-
comfort and anxiety to the patient. Gon-
zalez et al. reported a total of 0.3%
incidence' with single and double-portal
procedures. Comparing our single and
double-portal data, we reported a 2.4%
incidence. However, no cases of laceration
were observed in the single portal (0%),
with all registered cases occurring with the
double-portal technique (4.7%). Tsuyama
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Table 3. Comparison of temporomandibular joint arthroscopy intraoperative and postoperative complications.

Other studies

Present study

Complications

White et al.  Tsuyama et al.  Carls et al.  Gonzalez et al.  McCain et al

Chowdhury et al.

n=4831

L1+12

n=:670

L1+12

n=451
L1+L2

n =301

L1+12

n=100

L1+1L2

n=>50

n=_82

n=43
L2 L1+L2

n=39

L1

L1

5 (5%)

5 (6.1%)
0 (0%)

3 (7.0%)
0 (0%)

2 (5.1%)

0 (0%)
0 (0%)

Extra-articular bleeding posterior puncture
Extra-articular bleeding anterior puncture

Intra-articular bleeding

4 (4.9%)

4 (9.3%)
3 (7.0%)

0 (0%)

12 (14.6%)
0 (0%)

9 (23.1%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

Oedema of the preauricular area

Pharyngeal oedema

1 (0.22%)
1 (0.22%)

1093

6 (0.19%)

0 (0%)

0 (0%)

1 (1%)

3 (3.7%)
2 (2.4%)
3 (3.7%)
1 (1.2%)
7 (8.5%)

0 (0%)
0 (0%)

3 (7.0%)
2 (4.7%)
3 (7.0%)

Instrument fracture

2 (0.3%)
4 (0.6%)

7 (2.3%)
2 (0.6%)

3 (6%)
5 (10%)

Laceration of the external auditory canal

VII frontal branch nerve damage

30 (0.95%)

1 (0.22%)

1 (2.3%)
4 (9.3%)

0 (0%)
0 (0%)

VII zygomatic branch nerve damage
Auriculotemporal nerve damage

1 (0.15%)

1 2%)

3 (7.7%)

0 (0%)
0 (0%)

Inferior alveolar nerve damage
Alterations of visual accuracy

1 (0.15%)

et al. reported that 2.3% of cases had
laceration of the external auditory canal
in 309 double puncture arthroscopic sur-
geries'".

The authors observed instrument frac-
ture only for double-portal arthroscopy
(n =3, 7%), with McCain et al. reporting
six broken instruments in a study of 4831
joint including single and double arthros-
copies (0.12%)'?, while others did not
report instrument failure'''. The equip-
ment failure was reported to the manufac-
turer. Interestingly, other manufactures
have designed a new protective cannula,
with a more robust connection, perhaps
indicating that this was a known issue,
even though it was not reported in the
literature. The instrument fracture did
not lead to any clinical consequence.

The VII frontal branch nerve damage
was observed only in double-puncture
patients (n = 3, 7%). In the study by Gon-
zalez et al., a report of 0.6% (n=4) was
observed but included single and double
puncture'. In our study, for both single and
double puncture, we report 3.7% (n =3).
Tsuyama et al. reported a 1.7% inci-
dence'', and in a study of 451 arthrosco-
pies, Carls et al., reported that only one
patient had frontal nerve damage®. The
VII zygomatic branch nerve damage
was observed only for double puncture
and in one patient (2.3%). This low per-
centage of cases seems to be in line with
what was described by Tsuyama et al.'’,
that reported 0.6% incidence (n = 2) out of
301 cases.

This study has several limitations. First,
the main surgeon was responsible for both
the intervention and for registering the
complications, which may have had an
influence on the results. A second limita-
tion was the limited sample size. As we
know, surgeon experience plays an impor-
tant role in the rate of surgical complica-
tions, and as such these results could be
different in other centres.

This prospective study reinforced the
safety of the TMJ arthroscopy for both
single and double-portal techniques if the
correct arthroscopic armamentarium is se-
lected, and the puncture point landmarks
are respected, therefore avoiding poten-
tially dangerous zones.
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