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Abstract
Background: Arthroscopic surgery of the temporomandibular joint (TMJ) requires
inserting an arthroscope and a working cannula into the joint cavity. Working cannula
introduction and positioning require high levels of expertise. Methods: A randomized
controlled trial was performed on patients with closed lock of the TMJ who underwent
arthroscopic lysis and lavage. A total of 15 subjects participated in this study, with
6 in the study group using the Locator-Positioner guide device (LOPO) and 9 in the
control group using triangulation. The main outcomes included: (1) Number of attempts
necessary for successful cannula insertion. (2) The time between arthroscope insertion
and the appearance of the working cannula on the monitor, and (3) Overall surgery
duration. Results: A successful cannula insertion took an average of 2.1 attempts in
the study group compared with 3 attempts in the control group (p = 0.045). Study group
arthroscope insertion tomonitor appearance of cannula took 2.3minutes, whereas control
group took 4 minutes (p = 0.039). A total of 14 minutes was spent on surgery in the
study group compared to 16.5 minutes in the control group (p = 0.009). Conclusions:
LOPO device improved both the insertion of the working cannula into the TMJ and
its positioning relative to the arthroscope throughout surgery. It reduced insertion
attempts and shortened the surgery duration. Clinical Trial Registration: the study
was registered at clinicaltrials.gov, identifier: NCT 06520917.
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1. Introduction

Temporomandibular joint (TMJ) arthroscopy allows direct vi-
sualization and access to the joint, enabling surgeons to diag-
nose and perform a wide range of procedures. A diagnostic
arthroscopy involves inserting a cannula into the joint cavity to
accommodate an arthroscope. In contrast, arthroscopic surgery
requires insertion of at least two portals into the joint cavity; an
arthroscopic cannula and a working cannula, where the latter is
intended to incorporate instruments into the joint space [1–3].
In most cases, the arthroscopic cannula is inserted via a lateral
approach into the posterior recess of the superior joint space.
As the glenoid fossa is easily palpated and the target point is
just deep into the skin and joint capsule, this is an easy puncture
[4]. The second or working cannula is inserted into the anterior
recess of the superior joint space. A precise and accurate skin
puncture site, insertion angle and insertion depth are necessary
to ensure the second or working, cannula is readily functional

and visible to the arthroscope. This alignment allows the
cannula tip to meet and be seen with an arthroscope [5, 6].
In the second puncture, the site and technique are dictated by
the anatomy and volume of the anterior recess of the superior
joint space, which varies greatly between individuals and joint
conditions. The target point on the skin is also the juncture
between the anterior aspect of the anterior slope of the articular
eminence and the continuation of the zygoma, which is usually
not palpable. To overcome these difficulties, triangulation was
adapted for TMJ by pioneer arthroscopists such asKMurakami
and J P Mc Cain [7, 8]. This facilitates easier and more
predictable entry of the second cannula into the joint cavity,
which allows access to different areas in the joint while being
fully visualized by the arthroscope.

Adherence to triangulation is essential to successful second
or working cannula placement. This technique, however,
requires a great deal of practice. Furthermore, maintaining the
optimal spatial alignment of the working cannula relative to the
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arthroscope throughout surgery requires additional practice,
experience and synchronized collaboration between surgeon
and assistant [9, 10].
During arthroscopic surgery, precision in entering the TMJ

and accuracy in aligning the arthroscopic cannula with the
working cannula are key to minimizing iatrogenic damage.
Multiple joint punctures due to repeated attempts to enter the
joint cavity or scuffing of intraarticular surfaces due to re-
alignment of the cannulas increase joint trauma risk. This
exacerbates postoperative pain and edema, which is particu-
larly problematic for patients suffering from TMJ-related pain.
Since they must engage in immediate postoperative mobiliza-
tion and full-range physiotherapy to prevent joint stiffness
and promote functional recovery, any additional discomfort or
inflammation caused by surgical inaccuracies can severely im-
pact rehabilitation [11, 12]. The accuracy of cannula placement
is therefore of paramount importance. By minimizing postop-
erative discomfort and facilitating early functional recovery,
thesemeasures not only protect the delicate intraarticular struc-
tures but also optimize patient outcomes.
A Locator-Positioner guide device (LOPO) was developed

to address these challenges by the main author to enable sur-
geons to insert a working cannula and maintain it in three-
dimensional position with respect to the arthroscope through-
out surgery, while allowing both cannulas to move freely
[13, 14]. This method helps minimize intraarticular scuffing
and surgical risks by allowing easy and precise insertion and
positioning of the working cannula. This study was conducted
to examine the accuracy, safety and efficiency of the LOPO
guide device.

2. Materials and methods

Two parallelograms form the two arms of the LOPO guide
device. A connector holds both arms and permits movement by
changing the angle between them (Fig. 1). The arthroscope is
attached to one arm of the device, while the working cannula is
to the other. After the arthroscope is introduced into the joint
cavity, the guide device is mounted on the arthroscope base
via one arm. The other arm receives the working cannula, and
owing to the double parallelogram design, it directs it to the
ideal puncture site, insertion vector and depth into the joint
cavity, where it meets the tip of the arthroscope. The connector
between the two arms of the device enables changing the angle
between them while maintaining the relative position of the tip
of the cannula to the tip of the arthroscope (Fig. 1).
The connector can also be locked, thereby fixing the angle

between the two arms. Even in this locked position, the
arthroscope and working cannula still maintain micromove-
ments thanks to elastic pads attaching the cannulas to the arms.
These flexible holders allow micromovements of the cannulas
without changing the angle between the two arms.
In surgery, the surgeon holds the LOPO device with its two

cannulas in one hand. Through the working cannula, the other
hand is free to perform surgical instrumentation (Fig. 2). Due
to the double parallelogram design, all this is accomplished
while maintaining the ideal position of the working cannula
relative to the arthroscope. The guide device can be easily
detached from the arthroscopic cannula and working cannula.

This can be done at any point during surgery without removing
or altering the position of the cannulas, allowing them to
remain securely within the joint. It is also possible to reattach
the device to the cannula if necessary later in the procedure.
Approval for conducting an experiment with human sub-

jects using the LOPO device was granted by the Institutional
Review Board of Sheba Medical Center (4657-17-SMC) and
the National Ministry of Health (MOH_2018-08-27_003619).
The study was conducted at Sheba Medical Center. The study
included 15 consecutive patients who underwent arthroscopic
lysis and lavage for TMJ closed lock after unsuccessful con-
servative treatment. We provided verbal explanations as well
as written forms to all patients and their family physician
regarding the guide device. Participants signed informed con-
sent forms and agreed to participate. A single arthroscopic
procedure of the TMJ is routinely scheduled as part of a
group of 2 to 3 procedures in the authors’ department due
to technical issues. Patients were randomly assigned to the
LOPO device based on the time they were admitted to the
department; the first to arrive underwent an arthroscopy using
LOPO guide device, while the other one or two patients on the
same operation day were treated with the classic triangulation
technique. Thus, six subjects were included in the experiment
group and nine constituted the control group.
All arthroscopies were performed by the same surgeon under

general anesthesia with nasotracheal intubation. The surgeon
was an experienced TMJ arthroscopist and familiar with LOPO
device and practiced using it on anatomical models (but not
cadavers) before the clinical trial. A 2.4 mm 30◦ arthroscope
with 84 mm cannula length (CE0123, HOPKINS II 28300 BA,
Storz, Tuttlingen, BW, Germany) was used in all cases and
the prototype of the LOPO device was manufactured based
on the size and design of this instrument set. After inserting
the arthroscope into the posterior recess of the superior joint
space, the surgeon needed to insert the working cannula into
the anterior recess of the superior joint space. For the control
group, triangulation was used to insert the working cannula.
Arthroscope insertion depth was measured on the skin. Nearly
the same distance away from this point and parallel to the
arthroscope on the skin was the second puncture site. The
second cannula was then inserted perpendicularly to the skin,
ensuring the triangulation principle was maintained [7, 8]. For
the study group, the working cannula was inserted as follows:
the LOPO device was mounted on arthroscope base after it
was inserted into the posterior recess of the superior joint
space. As directed and guided by the arm of the device, the
working cannula was inserted into the joint cavity using the
other arm of the LOPO device. The surgical procedure was
arthroscopic lysis and lavage. Following the insertion of the
working cannula, a diagnostic sweep was performed, followed
by the mobilization of the disc using a blunt obturator. The
lateral capsule and anterior attachments at the disc-capsule
interface were stretched by the same blunt obturator. Finally,
a subsynovial injection of steroids was performed under direct
visualization.
The primary outcome variables were:
1. Number of attempts to successfully insert the working

cannula into the joint cavity. After puncturing the skin and
advancing to the joint, any partial or complete withdrawal
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FIGURE 1. LOPO guide device attached to the arthroscope and working cannula. LOPO guide device appears in grey and
the arthroscope and working cannulas appear in red. The LOPO consists of two connected parallelogram-shaped arms; One arm
attaches to the arthroscope after it is inserted into the joint cavity while the other is utilized to insert the working cannula, aiming
it to the tip of the arthroscope inside the joint space. By adjusting the angle between the two arms of the LOPO, the arthroscope
and working cannula can be aligned differently while remaining close to one another. Due to elastic pads attaching the cannulas
to the LOPO device, micromovements (dashed red lines) are still possible in the fixed position after locking the connector of the
LOPO.

FIGURE 2. Clinical pictures of the LOPO device. Demonstration of the device in real surgery at acute, straight and obtuse
angles. The optimal spatial alignment of arthroscope tip relative to the working cannula is maintained through this full range of
motion.

of the cannula followed by a change of vector or depth was
considered an additional attempt. The working cannula was
observed on the monitor to confirm successful insertion.
2. Duration between the arthroscope’s insertion into the joint

cavity and the initial appearance of the working cannula on the
monitor.
3. Overall surgery duration, starting with insertion of the

arthroscope into the joint cavity and ending with the removal
of both the arthroscope and working cannula outside the joint
cavity.
As a secondary outcome variable, the interincisal distance

was measured at 3 months postoperatively to determine the

maximal mouth opening after surgery. Additionally, adverse
events were documented.

Statistical analysis: Data was summarized with descriptive
statistics by groups (study versus control). Continuous vari-
ables were presented as mean and categorical variables by
number (%). The primary outcome variables were compared
using independent Welch two sample t-tests to check for pos-
sible confounders and significant differences. The difference
in means, confidence interval and p value was described.
Paired T test was used to compare the secondary outcome
variable before and after arthroscopy for each group. p< 0.05
indicates statistically significant differences. Data analysis
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was performed using R Statistical Software (v4.1.2; R Core
Team 2021).
The LOPO device is Patent No. US 11,517,348 B2. The

main author is the inventor of the device and the assignee
is Sheba Tel Hashomer Medical Research Services Ltd. A
prototype of the device was manufactured by Pollak Steinberg
Engineers, Tel Aviv, Israel and was made of stainless steel 303.
LOPO has not yet been manufactured to be distributed on the
market.

3. Results

Fifteen consecutive subjects were included, six in the study
group (LOPO device) and nine in the control group (triangula-
tion technique). Table 1 lists the characteristics of the subjects.
Age, gender, duration of joint lock and baseline maximal
mouth opening were not statistically different between the
study and control groups.
Primary outcome variables:
Study group averaged 2.1 attempts to successfully insert

the working cannula into the joint cavity, while control group
averaged 3 attempts (p = 0.045) (Table 2).
2.3 minutes elapsed between the arthroscope being inserted

into the joint cavity and the working cannula appearing on the
monitor in the study group and 4 minutes in the control group.
A significant difference was found (p = 0.039) (Table 2).
In the study group, the total surgery duration, from place-

ment of the arthroscope to removing the cannulas, averaged
14 minutes, whereas in the control group, it averaged 16.5
minutes. A significant difference was found (p = 0.009).
Secondary outcome variable:
Maximal mouth opening improved significantly for both

groups. The mouth opening increased from amean of 28.5 mm

to 41.8 mm in the study group (p< 0.0001), and from 27.4 mm
to 41.5 mm in the control group (p < 0.0001). The degree of
improvement between both groups did not differ significantly
(p > 0.9).
Adverse events: injuries to the ear, branches of the facial

nerve, or skin were not observed in any of the patients.

4. Discussion

This study evaluated a Locator-Positioner guide device
(LOPO) designed to help the surgeon accurately insert the
working cannula into the joint space and keep it positioned
relative to the tip of the arthroscope throughout the procedure.
Both goals were achieved with accuracy and effectiveness.
With the LOPO device, the arthroscope and working cannula
could be moved freely. A significant reduction in the number
of attempts and time spent until the working cannula was
successfully inserted into the joint space was achieved using
the LOPO device compared to triangulation. In addition,
overall surgical time was significantly shorter.
In spite of the fact that 30% fewer insertion punctures and

operative time may not seem dramatic, the actual benefit of
LOPO is a decrease in scuffing of intra-articular surfaces and
a decrease in surgical morbidity. The present study is not
able to objectively quantify this outcome. It is well known
that with each failed attempt to insert the working cannula
properly into the joint cavity or with every additional maneuver
to re-position the working cannula into the arthroscope’s field
of view after getting “lost” in the joint space, some damage
can occur to the joint surfaces and surrounding structures [15–
17]. Consequently, these injuries lead to postoperative edema
and pain, limiting patients’ ability to participate in immediate
mobilizations and physical therapy exercises, both of which

TABLE 1. Characteristics of the study and control groups.
Study
N = 6ǂ

Control
N = 9ǂ p-valueˠ

Age (yr) 37.7 (13.2) 27.6 (12.1) 0.2
Gender (female) 5 (83%) 8 (89%) 0.95
Laterality (right) 4 (67%) 6 (67%) 0.98
Duration of joint lock 7.5 mon (4.59) 7.0 mon (3.46) 0.8
Maximal mouth opening before surgery 28.5 mm (4.04) 27.4 mm (2.70) 0.9
Maximal mouth opening after surgery 41.8 mm (5.78) 41.5 mm (5.01) 0.9
ǂMean (SD); ˠWelch Two Sample t-test; SD: standard deviation.

TABLE 2. Primary outcome parameters.
Study
N = 6ǂ

Control
N = 9ǂ Differenceˠ 95% CIˠ,ѱ p-valueˠ

Number of attempts for successful
insertion (SD)

2.1 (1.17) 3.0 (1.01) 0.9 −0.03, 2.6 0.045

Time from cannula insertion to
screen appearance in minutes (SD)

2.3 (1.21) 4.0 (1.58) 1.7 0.10, 3.2 0.039

Total duration of surgery in minutes
(SD)

14.0 (1.26) 16.5 (1.27) 2.5 0.64, 3.6 0.009

ǂMean (SD); ˠWelch Two Sample t-test; ѱCI: Confidence Interval; SD: standard deviation.
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are critical for the procedure’s success [11, 12].
Surgeons participating in this study had several years of

experience performing arthroscopic surgery by triangulation.
LOPO’s advantages may be more evident if the surgeons are
novice arthroscopists with less experience with triangulation.
Correct positioning of the second or working cannula relative
to the arthroscope by the triangulation technique has a long
learning curve [6, 9, 10, 18–21]. This surgical expertise can be
developed using cadavers and other learning methods through
numerous courses and training programs. Anatomical models
and simulators have also been developed for the purpose of
training surgeons [22–27].
Few authors advocated the use of single-cannula

arthroscopy (similar to salivary gland arthroscopy) to
overcome the difficulties of triangulation. Due to its limited
scope, this did not gain popularity in the maxillofacial
community, and two-port arthroscopy is now considered
absolutely essential for arthroscopic surgery [28–31].
Triangulation still has a major intraoperative limitation even

after mastery. Both the arthroscopic and working cannulas
are held by the surgeon with both hands, while the assistant
performs intra-articular instrumentation through the working
cannula. Alternatively, if the surgeon operates the arthroscope
with one hand while inserting intra-articular instrumentation
through the working cannula with the other, the assistant must
hold the working cannula and ensure its alignment with the
arthroscope, requiring sensitivity and synchronization between
the two operators [32–35]. By connecting both cannulas into
one unit, the LOPO device overcomes this major limitation by
allowing the surgeon to hold it while performing intra-articular
instrumentation with the other hand. This is a significant
upgrade in the surgical setting, enabling a single surgeon to
perform the operation alone.

5. Conclusions

The LOPO guide device demonstrated effectiveness, safety
and accuracy for TMJ arthroscopic surgery. An improved
ability to position the working cannula within the joint space,
reduced operation time, and a decrease in scuffing of intra-
articular surfaces to a lower surgical morbidity rate and an
easier post-surgical recovery. The surgeon can also reliably
position both cannulas in an ideal spatial orientation using
only one hand, allowing the other to work on intraoperative
instrumentation.
However, there are some limitations to be aware of. Experi-

enced surgeons may find the device cumbersome, potentially
disrupting established techniques. Novice surgeons on the
other hand may over-rely on the device, limiting their moti-
vation to master traditional triangulation techniques. Further-
more, this additional device adds to the cost.
A future randomized controlled trial with novice surgeons

and a larger patient group is recommended to further validate
the efficacy and safety of the LOPO device. For future trials to
provide more comprehensive and robust conclusions regarding
the device’s effectiveness across a wide range of arthroscopic
designs and sizes, developing guide devices compatible with
different arthroscope sizes and manufacturers will be essential.
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