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SUMMARY: The Oral & Cranio-Maxillo-Facial Surgery
(OCMEFS) specialty has entered a new era with the use
of endoscopic techniques. Surgeons can now use the
latest technological advances in order to improve pa-
tient outcomes.

The application of endoscopic surgical techniques in
OCMFS not only has decreased the morbidity associ-
ated with surgical approaches, but it has significantly
changed the treatment philosophy for many types of
procedures.

Temporomandibular Joint (TM])) arthroscopy, Sialoen-
doscopy, Trauma cases such as frontal sinus fractures
and orbital floor fractures and subcondylar mandible
fractures are the most notable examples where endo-
scopic techniques have found worldwide acceptance.
Additional research has to be done in order to simplify
some difficult techniques that often require more exten-
sive surgical exposure for better visualization.

Although minimally invasive endoscopic techniques are
also used in facial cosmetic surgery, the discussion in this
literature review article focuses on non-cosmetic proce-
dures and mainly on TMJ arthroscopy, Sialoendoscopy
and Facial Trauma.

KEY WORDS: maxillofacial surgery, endoscopy, ar-
throscopy, sialendscopy, fractures, trans-antral approach,
transnasal approach

FMEPIAHWH: H eidikétnta tng Ztopaukrc & Kpavio-
[vaBo-Tpoowmikrc Xeipoupyikrc (OCMFS) éxel eloéh-
Bel oe pia véa emoxr| Ye TN Xprion eVOOOKOTTIKWY TEXVI-
Kav. O Xelpoupyol Pmopolv AoV va XpnalHoTTolot
TG MO TIPOCPATEG TEXVOAOYIKEG £EENEEIG TTPOKEINEVOU
va BeAtwoouy ta anoteAéopata otouc aoBeveig Touc.
H epappoyr €vOOOKOTIKOV XEIPOUPYIKOV TEXVIKOV
ot OCMFS &xi pévo éxel Peiwoel ) voonedtnta mou
OXETICETAl e TIG XEIPOUPYIKEC TTPOOTIEAAOEIG, AMJ €Xel
aMd&el onuavtikd ) eihocogia tng Bepareiag yia moA-
Aoug tumoug emepfdoewy.

H apbpookdmnon g kpotapoyvabikig dpbpwang
(TM)), n Z1ahoevdooKdTNan, Ol TIEPITIWOEIG TPAUATOC
OTwG o€ Katdypata petwmaiou KOATou, og Katdypata
€0dpoug Tou 0PBaApIkoU KSyxoU Kal O€ UTTOKOVOUAIKA
katdypata kdtw yvabou eival ta mo afloonpeiwta ma-
padelypata Gmou of eVOOOKOTIIKEG TEXVIKEG EXOUV PPEl
miaykéopia anodox.

Mpémer va yivel mpdobetn €peuva TTPOKEIYEVOU VA
arhortoinBouv opiopéveg SUOKOAEG TEXVIKEG TTOU OUXVA
amnarouV O eKTETAPEVN XEIPOUPYIKY TTPOOTTEAAON YIa
kahUtepn opatdtnta.

Av Kkal ol eAéxiota emepBatikéq eVOOOKOTIIKEG TEXVIKEG
XpPNolpoToloUvVIal €MoNg otV aloBnTKr XeIPOUPYIK
TIpoowtou, N oulrnon oe autd to dpbpo avaokod-
mnong BIBANoypaeiag emKevIpwveTal og Un aloBnTkég
enepPdoeig kai kupiwg otnv apBpookdrmon g TM), T
21ahoevdookomnon kai to Tpadpa MNpoowrou.

AEZEIZ KAEIAIA: yvaBoripoowrikri xeipoupyikr, evoo-
okormon, apBpookdrnon, olakevéookdrnon, Katdyua-
a, S1a-PIVIKT] TIOOCEYYIoN
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Minimally Invasive Surgery (MIS) Chronology
- from Hippocrates to the 21st Century.

Endoscopy began in the 4th Century BC, when Hip-
pocrates used a speculum to examine the rectum of
a patient (I). Moreover, written descriptions of gyne-
cologic speculums were discovered in the Babylonian
Talmud (2).

Arthroscopy began in 1918 by Tagaki for examining the
knee joint, but it is only in the last 40 years that it has
been broadly used in the maxillofacial region (3, 4). Dr.
Onishi was the first one who reported TMJ arthroscopy
in 1970 and his first results were published in 1975 and
1980.

The digital video camera was introduced in 1982 (5)
and gave the ability of live surgical viewing, through a
screen, during endoscopic procedures.

Technological advancements led to different types of
endoscopes and new instrumentations resulting in im-
provements in oral & maxillofacial surgery procedures.
MIS produces fewer complications, with a reduced risk
of death and morbidity. Other advantages of MIS, but
also disadvantages are presented in Table |.

There is a wide extent of application of endoscopic tech-
niques in OCMFS (Table 2) and it is now approaching
deeper parts in some specific fields. In other fields it is
still under research and investigation and as science and
technology advance at a rapid pace, in the near future
we will have greater intervention possibilities, with the
sole aim of offering high quality treatment to patients.

ARTHROSCOPY OF TM]

Introduction

TM]J arthroscopy serves as a diagnostic and therapeutic
tool. As we mentioned above, the first report of TM|
arthroscopy was published by Prof. M. Ohnishi in 1970
(10). However, TM] arthroscopy became popular by Dr.
Ken Ichiro Murakami in 1981, 1982, and 1985 (11, 12,
[3). It is worth mentioning that the first published re-
ports in the American literature were by Dr. McCain in
a meeting for AAOMS in 1985 and Drs. Nuelle, Alpemn,
and Ufema in 1986 (14,15,16). A comprehensive study
was also published by Dr. Bruce Sanders in 1986 (17).
As in any operative procedure, similarly in TM] arthros-
copy there are indications and contraindications. Most
of them are mentioned below:

Indications for TM] arthroscopy

* Pain and jaw dysfunction due to TM] internal derange-
ment not responsive to conservative treatment (21)

* Radiographically, TMJ bone structure changes, typi-
cal to Osteoarthritis (OA) with disc displacement or
distortion and failure of conservative treatment with
NSAIDs, intraoral splints and/or arthrocentesis (22,23)

* Involvement of the TM] in patients with a background
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medical history of rheumatoid arthritis, juvenile idio-
pathic arthritis, Still's disease or any other connective
tissue diseases (in these cases a biopsy should also be
performed) (24)

* Inflammatory/septic arthritis (21)

* Hypomobility (closed lock) secondary to intrajoint ad-
hesions (21)

* Persistent preauricular atypical facial pain

* Management of hypermobility resulting in painful re-
current subluxation or dislocation (21, 25)

¢ Post-traumatic complaints may also be an indication
for TM] arthroscopy (22,23)

* Wilkes's classification stages Ill, IV and V (26)

Contraindications for TM] arthroscopy (22, 23)

* Some TMJ diagnoses (e.g. tumors, ankylosis, growth
abnormalities) exhibit indications for TMJ open sur-
gery

Cases of acute arthritis. In these conditions, because
of the presence of large medial osteophytes on the
condyle, large central cartilaginous perforations and
fibrous/fibro-osseous/osseous ankylosis, it is better to
handle them via open TM| surgery

An undiagnosed swelling of the jaw

Chronic facial pain (types: neurogenic, muscular, psy-
chological) such as temporal arteritis and trigeminal
neuralgia

Orthopedic diseases which present with limited neck
mobility (relative contraindication)

Overlying skin infections (can cause postoperative
septic joint)

In TM] arthroscopy, the goal is to treat the underline
TM]J pathology and offer daily function stability to the
patient. In order to achieve this, many operative proce-
dures can be performed under the vision of the arthro-
scope. According to the McCain Classification, there are
3 different levels of TM] arthroscopy (27):

Level I: This is a single-puncture arthroscopic technique,
into the posterior area of the Superior Joint Space (5)S),
along with the placement of an outflow needle. It allows
for lysis and lavage (arthroscopic arthrocentesis) in ad-
dition to the diagnostic value of viewing the anatomy of
the joint. Moreover, intra-articular medication can also
be used during the procedure.

Level II: This is a double-puncture arthroscopic tech-
nique in which the arthroscopic cannula is inserted into
the posterior area of the SJS and the operative cannula
is inserted into the anterior recess of the joint and pro-
vides the possibility for performing procedures such as:
— Synovial biopsy (it assists in the identification of the
underlying pathology)
— Lysis of adhesions (under direct vision)
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Table I: Advantages & Disadvantages of MIS (6, 7, 8, 9)

Advantages

Minimal morbidity and mortality

Small surgical incision (no significant facial scar),
less operative trauma, reduced incidence of
neurovascular damage

Bloodless procedure, increased flap/would stability
allows stable primary closure of the wound

Increased visibility especially in cavities difficult to
access surgically

Greater protection of important anatomical
structures (vessels/nerves)

Decreased postoperative complications (pain,
bleeding, infection, edema, adhesions, scars)

Quicker recovery and shorter hospitalization time

Educational tool for trainees to become familiar
with the surgical anatomy

Table 2: Endoscopy applications
in OCMFS

TM] arthroscopy

Sialoendoscopy

Trauma (orbital floor fracture, mandibular angle
fracture, subcondylar fracture, frontal sinus
fracture)

Orthognathic surgery

Distraction osteogenesis procedures
Condylectomy, Coronoidectomy
Implantology

Jaw pathologies

Removal of foreign bodies in the maxillofacial
region

Facial aesthetic surgery (forehead lift, brow lift,
midface lift)

— Debridement of arthnitic joints (for creating a larger joint
space and smoother surfaces for improved function)

— Intra-articular holmium laser therapy

— Retrodiscal contracture (for reducing pleonastic
synovium or treating recurrent mandibular dislocation
from hypermobility)

— Targeted deposition of medication (e.g. PRP) via the
operative cannula (disease modification)
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Disadvantages

May increase the cost of the treatment

Operative period is usually longer, especially when
someone first attempts it

Requires intensive training (steep learning curve)
and skills

High cost of equipment and technical difficulties

Optimal results require experience by the surgeon

Level lll: Arthroscopic disc reduction and fixation (dis-
copexy)

There are two types of TMJ arthroscopy (each one

with a different technique):

* Diagnostic (single-puncture arthroscopy): Diagnostic
and basic interventions

* Therapeutic (double-puncture or multiple punctures):
The ability for advanced arthroscopic surgical proce-
dures

In the following section of this article, both types of TM|
arthroscopy are presented with a brief step-by-step ex-
planation and in a simple manner, so that the reader can
apply these principles in his/hers daily work. There are
of course many variations of techniques in the litera-
ture for specific operative maneuvers, but we decided
to mention the simplest steps for performing a safe and
effective TMJ arthroscopy.

Technique: Primary TM] Arthroscopy
(Single-Puncture Arthroscopy) (27, 28, 29, 30, 31, 32,
33, 43)

Step |: Patient Preparation

The primary TM] arthroscopy procedure is performed
under local anesthesia with or without Intravenous (IV)
sedation or general anesthesia.

The patient is placed in the dorsal supine position and
the patient's head is turned on one side so that it main-
tains a completely flat level. The hair is placed in a bouf-
fant cap and it is secured with silk tape.

After digital localization of the greatest concavity of the
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glenoid fossa, the preauricular skin is prepared with Be-
tadine, draped in the common way for TMJ arthroscopy
and a sterile atraumatic ear wick is placed for protection.

Step 2: Local Anesthesia

After landmarks have been marked with a surgical pen,
local anesthesia is injected using a 2% lidocaine solution
with a 30-G needle in the preauricular area at the fossa
portal lavage tract and the insufflation tract.

Step 3: Insufflation

The superior joint space is then insufflated (for the dis-
tension of SJS and also in order to avoid iatrogenic injury
to the cartilaginous surfaces during the insertion of the
trocar) via an inferior and lateral approach with the use
of a 30-G needle and it is insufflated with a 1% lidocaine
solution, approximately 2,5 ml (plunger rebound effect
indicates the correct position).

Step 4: Fossa Portal Puncture

The first puncture is always placed at the maximum con-
cavity of the glenoid fossa while the mandible is in pro-
truded position (10 mm anterior from the middle of the
tragus and 2 mm downwards on the canthotragal line).
The sharp trocar penetrates the tissue through a small
skin incision, with a slow rotational motion (Figs. la and
Ib). The fossa puncture should be made very carefully
in an attempt to pass only one time through the lat-
eral capsule and into the joint space, in order to avoid
extravasation problems. Afterwards, the trocar is ad-
vanced until contact is felt with the bone above. Always
use the bony landmark and never pass the instrument
straight through the capsule without first locating the
bone. Then, the sharp trocar is exchanged with a blunt
trocar and the cannula is advanced completely into the
joint space. At this point, the cannula should be inserted
approximately 20 to 25 mm as measured from the skin
to the center of the joint, which is well-known as the
safety zone. At the end of this stage, the correct place-
ment can be checked by infusing saline, at which point
the fluid level in the canula will move simultaneously
with the movement of the jaw. Finally, the trocar is re-
moved and the athroscope is inserted.

Fig. |: Fossa portal puncture —Skin landmark (a), for the safe placement ofthe first punctur with a sharp trocar (b) and observation of the flow of irrigationﬂuid through the

outflow 22-G needle (c)

Step 5: Insertion of the Outflow Needle

With the mandible maintained in a protrusive position,
insufflate the joint with approximately 2 to 3 mL of fluid
using the direct irrigation syringe and maintain pressure
on the plunger in order to retain the distention of the
joint. Then, insert a 22-G needle, approximately 20 mm
anterior from the middle of the tragus and 10 mm in-
ferior in the canthotragal line while observing the flow
of the irrigation fluid through the needle consisting of
lactated Ringer's solution with [:300,000 epinephrine

(Fig. 1c).

Step 6: First Level of Treatment

The first level of treatment begins with an arthroscopic
arthrocentesis (the lysis and lavage stage), which is done
with 120-200 cc of irrigation fluid with turbulent flow in
order to remove inflammatory mediators, as well as lysis
of any small adhesions that may be present.

This is followed by the diagnostic sweep (Fig. 2), which
provides an accurate diagnosis of normal and pathologic
conditions in the superior joint space, through describ-
ing the seven points of interest as well as joint motion.

Step 7: The second level of treatment
Direct injection of intra-articular medications (steroids,
hyaluronic acid, PRP) as indicated in certain clinical cases.

Step 8: Closure

Once the procedure is completed, all instrumentations
are removed while maintaining direct pressure over the
puncture sites and then the patient’s head is elevated
slightly to aid in hemostasis.

The fossa puncture site is closed using single 5-0 or 6-0
nylon sutures and then covered with antibiotic ointment
and a spot Band-Aid. Finally, the ear wick is removed
and the external ear canal is examined.

Step 9: Jaw Manipulation

With the patient’s head faced upwards, the surgeon ma-
nipulates and stretches the mandible and the range of
motion is observed.

At this point, it is worth mentioning that multiple studies
reported an 80-90% success rate with arthroscopic lysis
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and lavage for the management of patients who were
suffering from painful limited mouth opening (34, 35).
Finally, studies with 5 and 10 years of follow-up also
show that arthroscopic lysis and lavage is successful for
all stages of intemal derangement and that the results
are equivalent to those acquired from TM] open surgery
(Murakami et al.).

Technique: Operative TM] Arthroscopy
(Double-Puncture Arthroscopy) (27, 28, 29, 30, 31, 32,
33,43)

Step |: Intubation
This technique is always carried out under general anes-
thesia via nasotracheal intubation.

Step 2: Patient Examination and Preparation

The patient is examined under general anesthesia. Then
the patient is positioned, prepared and draped in the
usual fashion for TM] arthroscopy. A sterile atraumatic
ear wick is placed in the ear for protection. Afterwards,
inspection and palpation of the TMJ is done in order to

Fig. 3: Skin
landmarks
for the safe
placement
of the
trocars.
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Fig. 2: Arthroscopic photos during
diagnostic sweep. a. Intermediate
zone, b. Medial synovial drape,

c. Retrodiscal synovium, d. Articular
disc

determine the position of the condylar head through
passive movement of the joint. Then a straight line is
drawn between the center of the tragus and the lateral
canthus, followed by making a point on the line, 10 mm
away from the tragus and 2 mm below it. This is point
A — First trocar site. Then a point is made on the line,
20 mm away from the tragus and a perpendicular line
is drawn 10 mm downwards. This is point B — Second
trocar site (Fig. 3).

Step 3: In this phase, steps 2 through 6 of the primary
arthroscopy technique are repeated (The Fossa Portal
Puncture with Lysis and Lavage and then the diagnostic
sweep).

Step 4: Second Cannula Puncture

After the completion of the diagnostic sweep, the sec-
ond puncture has to be placed precisely in the most
anterior and lateral comer of the SJS to gain maximum
flexibility of the operative cannula (20-25 mm anterior
to the middle tragus). While the condyle is being po-
sitioned in the fossa, the irrigation needle is removed
and then the puncture site is located according to the
triangulation technique. The vectors of instrument ori-
entation create an equilateral triangle that enables a re-
peatable and safe pattem of placement for the second
puncture. This access point will provide an outflow por-
tal for irrigation and the ability to insert tools into the
space of the joint. In a similar fashion to that used for
the fossa puncture, insufflation of the joint with 2-3 mL
of irrigation fluid is performed. Afterwards, the trocar/
cannula penetrates perpendicular and then continues in
the same direction. The trocar is rotated through the
skin and it is advanced until bone contact is made at the
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level between the anterior aspect of the anterior slope
of the articular eminence and the zygomatic arch. Next,
the trocar/cannula is rotated through the capsule and
the synovium. At this point, the trocar is noticed on the
monitor entering the joint space. Once it is intra-articu-
lar, the trocar is removed and drainage of the irrigating
fluid is observed through the cannula.

Step 5: Advanced Arthroscopic Procedures (Level I
and Ill of TM] arthroscopy)

. Synovial biopsy

2. Arthroscopic debridement

3. Arthroscopic diskopexy

Step 6: Steps 8 and 9 of the primary arthroscopy tech-
nique are repeated (Closure and Jaw manipulation).

TM] arthroscopy complications

As in every surgical procedure, similarly in TM] arthros-
copy complications may occur, although they are very
rare and minor with an overall incidence of approxi-
mately 1.3 % (6).

Generally, complications can be reduced with careful
surgical technique. Our aim is not just to mention the
complications, but also to provide useful knowledge and
some tips in order to avoid them and/or deal with them.
The most frequent complication is scuffing of the fibro-
cartilage during the placement of the instruments into
the joint (iatrogenic injury). It should be noted that trau-
ma to this tissue can lead to hypomobility of the joint
(36, 37). Therefore, in order to reduce the incidence of
this complication, avoid repeated attempts of the inser-
tion of the irrigation needle and pay attention to the
direction of the insertion of the trocar, as well as the
intra-articular manipulation.

When minor scuffing occurs, normally the fibrocartilage
regenerates without any long-term problems. If signifi-
cant scuffing occurs during surgery, it impairs visibility and
may result in a misdiagnosis of chondral degeneration.
Leakage of the irrigating fluid into the surrounding tis-
sues may occur. A severe complication such as pulmo-
nary edema has also been reported in the literature af-
ter TMJ arthroscopy (very rarely) (38). The periorbital
tissues, the masseter and the soft palate are common
sites of fluid accumulation. Evaluation of the oral cav-
ity for soft-tissue edema post-operatively is mandatory
(deviation of the uvula may indicate the phenomenon of
extravasation). Prevention of this complication requires
proper placement of cannulas and caution in joint lavage
in order to avoid the phenomenon of extravasation.
Temporary facial nerve paresis can be seen postoper-
atively, in most cases due to local anesthetic injection
around the major branches of the facial nerve. Pro-
longed facial nerve paresis may be the result of a scar
tissue formation near the facial nerve branches. latro-

loakeim K. and Nicolaou Z.

genic injury due to the placement of the portals may
also result in facial nerve damage (it can be avoided with
careful technique) (39, 40).

Injury to other significant trigeminal nerve branches
(auriculotemporal nerve, lingual nerve, inferior alveolar
nerve) (41). Prevention of this complication requires
precise puncture measurement anterior to the tragus
and avoiding medial drape perforation, that may occur
by overextending the cannula by more than 35 mm.
Nerve injuries are rare and most patients regain nerve
function within 6 months postoperatively.

Injury to the vestibulocochlear nerve and dysfunction of
the auditory system may also occur during arthroscopy
(41). Therefore, it is advisable to angulate the trocars
anteriorly, with the same angulation of the tragus to
avoid any perforation into the middle ear. In addition,
do not advance the arthroscope more than 25 mm.
Tympanic membrane perforation (41). Although it
might be rare, it has been mentioned in the literature. If
it occurs, our advice is to stop the procedure and obtain
an intraoperative ENT consultation. Usually if the tym-
panic membrane injury is less than 30% of the surface,
healing should occur with no consequences. Any minor
ear hemorrhage is controlled by bipolar cautery, while
the external auditory meatus is treated with hydrocorti-
sone drops for a period of up to 2 weeks.

Cartilaginous or bony ear canal damage is also possible
(36).

Bleeding: Injury to major vascular structures may also
occur during arthroscopy (41, 42).

The vertical distance of the maxillary artery is far away
from the usual arthroscopic approaches (approximately
20.3 mm). Although a rare complication, it may lead to
an Arteriovenous (AV) fistula with a pathognomonic
patient complaint of a persistent hissing sound, which
requires medical attention and treatment.

Bleeding from the medial aspect of the joint can be
crucial, since it can involve the middle meningeal artery,
which may run within 2 mm of the medial joint surface.
In order to prevent this complication, caution is taken to
avoid medial drape perforation.

Bleeding may also occur during the penetration of the
superficial tissues (from branches of the temporal vein
during puncture) which has been noted in 2% of cases.
This complication is managed by applying controlled
pressure. In rare incidents, injury to these vessels may
also result in an AV fistula or even in a pseudoaneurysm,
which should be managed surgically (43).

Articular disc perforation (41). Avoid any deviation from
the standard and safe technique of capsular puncture.
Hemarthrosis. It is a difficult intraoperative problem to
manage therefore it should be prevented by not tear-
ing the superficial temporal artery. Minor hemorrhage
can be tamponaded with pressure irrigation. Excessive
hemorrhage can be difficult to manage:
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Fig. 4: Sialoendoscopy tools

Initially

* Increase irrigation pressure

* Inject a small amount of hyaluronic acid into the joint
space

* Use cautery or a laser for the bleeding area

* Inject local anesthetic solution with vasoconstrictor
into the bleeding site

Additional methods

* All instruments are removed while direct palmar ex-
ternal pressure is applied for 5 minutes. For added
pressure, the condyle is seated in fossa if the source of

Tépog 23, No 2, 2022/Vol 23, No 2, 2022

the bleeding is located posteriorly and it is protruded
if bleeding anteriorly.

* The use of a number 4 size catheter balloon is insert-
ed through a working portal and inflated with normal
saline, which is left in place for 5 minutes.

If all the above mentioned measures are not successful,

the joint is approached via the open technique for final

therapeutic arrangement.

Perforation into the glenoid fossa (41, 43)

This is a severe complication. In order to avoid it, control
the direction of the instruments towards the tubercle
and away from the fossa. Also, extreme caution has to
be taken while attempting the triangulation technique. If
the skull base is perforated, an intraoperative neurosur-
gical consultation is recommended. Most Cerebrospinal
Fluid (CSF) leaks will heal spontaneously. If CSF contin-
ues to accumulate in the wound or drain through the
incision, a pressure dressing should be applied with head
elevation and the patient should remain under hospital-
ization. A leak that persists for more than 48 hours is an
absolute indication for neurosurgery consultation with
a lumbar subarachnoid drain placement and a CT scan
documentation of the leak site.

Infection (41)

Prevention of this complication can be done in a proper
sterile surgical environment and with the use of all the
appropriate techniques, proper perioperative antibiotic
prophylaxis, high-volume irrigation and the absence of
any adjacent skin infections. If the complication occurs,
administration of cephalosporin is advisable for a period
of 7 days. If the infection persists, exploration of the
area under local anesthesia with the removal of any re-
sidual sutures and further cephalosporin administration
may be helpful for a period of 7 days. In the presence of
purulence, incision and drainage are necessary with co-
pious antibiotic solution lavage, debridement with drain-
age placement (it can be removed after 3 days) and IV
antibiotic coverage.

Fragments of instrumentation is a very rare complica-
tion (43, 44).

Sialoendoscopy

Introduction

The insertion of a scope into a salivary gland duct was
first used and described in 1990 and 1991 by Dr. Katz.
The sialoendoscopy technique is still evolving as optics
and instrumentation continue to advance (Fig. 4) (45,
46). Nahlieli and Marchal have contributed remarkably
to this evolution and they have separately announced
success rates of over 80% in treating salivary gland ob-
structive pathologic conditions by utilizing MIS tech-
niques (47). It is worth mentioning that McCain, Maria
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Troulis and M. Papadaki published their results of the
first multicenter comprehensive study of sialoendoscop-
ic techniques in the United States of America in 2007,
thus contributing to the development of sialoendoscopy
techniques as well (48).

In the past, traditional treatment of salivary gland ob-
structive pathologic conditions was restricted only to
open surgery (parotid and submandibular sialadenec-
tomy). Despite the fact that complications of salivary
gland ablation procedures occur at a low rate (2% - 9%),
some of these are problematic for patients and physi-
cians, namely (49, 50):

a) Excessive scarring

b) Great auricular nerve numbness

) Nerve damage (hypoglossal, lingual, and facial nerve)
d) Frey syndrome (Auriculotemporal syndrome)

e) Hemorrhage

f) Sialocele

g) Salivary fistula

h) xerostomia

In order to avoid these complications, MIS procedures
are now being performed. The procedure of sialoen-
doscopy gives us the opportunity to diagnose and cure
salivary gland obstructive diseases without unnecessary
examinations and more harmful invasive operations.
Moreover, it allows the visualization of the salivary duc-
tal system and the identification of the cause of the ob-
struction.

Chronology: From the flexible/rigid endoscope to the
semirigid/semiflexible endoscope

Dr Katz began Sialoendoscopy in 1990, with the use of
a flexible mini endoscope, combined with a blind tech-
nique, in order to grasp the obstruction from the salivary
gland ductal system. Dr. Arzoz was the next one to an-
nounce high success rates using a rigid urethroscope for
observing the duct. The rigid endoscope resolved the
issue with the lighting during the procedure. In 1994,
Nahlieli and colleagues (17) used a 2.7-mm rigid TM|
arthroscope by introducing it into the salivary gland duct
and with suction they brought the sialolith forward so
that it could be securely extracted. The rigid endoscope
occasionally produced trauma to the duct and other
soft tissues (51, 52). Marchal presented the semiflexible
endoscope in 1998. In 1999, following a small number
of changes, he published the results of his experience
of using a I.3-mm semiflexible sialendoscope (53, 54).
It is worth noting that the irrigation channel was im-
ported in 1999 by Prof Nahlieli (51). Eventually, the
rigid endoscope was replaced by a semirigid/semiflex-
ible endoscope with the addition of a working channel
and refined endoscope diameter in order to be more
practical, effective and safe.

Many authors prefer an endoscope diameter with a 1.3-
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mm working channel (45). Let it be noted that for diag-
nostic purposes only, an endoscope diameter of 0.9 mm
can also be used.

Diagnosis and management of salivary gland
obstruction pathology

Obstructive sialadenitis (with or without sialolithiasis) is
the most common inflammatory disorder of the major
salivary glands. Sialolithiasis is one of the major causes
of sialadenitis, most often seen in adults, but it may also
appear in children (56).

Approximately 60-70% of salivary obstructive disorders
have the stones as a causative factor. Other causes can
be strictures, kinks, polyps, foreign bodies or mucus
plugs57-59. Salivary gland stones may be detected in
1.2% of the general population.

Approximately 80-90% of sialoliths are discovered with-
in the submandibular gland, 5-15% within the parotid
gland and only 2-5 % of them in the sublingual gland.
Stones may also be very rarely diagnosed in the minor
salivary glands. It should be noted that submandibular
sialoliths are located in the distal section of the Wharton
duct or at the hilum in 90% of cases.

Effective treatment depends on the surgeon'’s skills for
an accurate diagnosis and in the event of sialolith pres-
ence, in order to precisely localize the obstruction site,
estimate its dimension and assess the mobility or immo-
bility status of the stone.

In order to diagnose salivary stones, it is useful to fol-
low some clinicoradiological steps:

— Proposed by the Herman Ostrow Dental School, Uni-
versity of Southern California, USA —

* Bimanual palpation (Always in a posterior to anterior
manner along the route of the implicated duct)

Plain Film Radiographs (20% of submandibular gland
stones, 60% of parotid gland stones and 80% of sublin-
gual gland stones are poorly calcified and undetectable
with plain radiographs (60))

Sialography — conventional or combined (A catheter
is inserted through the duct opening and water-based
iodine contrast is infused. Afterwards a panoramic,
CBCT or CT image will be performed or an MRI. The
stone will appear as an empty space on the sialogra-
phy image.

Ultrasound (Lately, it is extensively used as a first-line
diagnostic method of a salivary gland stone. Moreover
no radiation is needed, therefore it is safe and it can
be repeated. It costs much less than any other imaging
modality and it can also help detect large sialoliths)
CT scan (It has higher sensitivity than plain radiograph-
ic films for discovering salivary stones. A slice thickness
of 02— 0.5 mm is used)
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* CBCT scan (it has the advantages of reduced superim-
positions and distortions of the panoramic x-ray image
and reduced radiation exposure over CT)

* Sialoendoscopy (it can be used as a diagnostic and
therapeutic technique for salivary gland diseases e.g.
stones, strictures, kinks. Its advantages include visual-
ization of the duct canal and stone removal at the
same time, if that it is possible.)

Up to date diagnostic steps for salivary gland stones
Many authors recommend ultrasound as the first choice
of inspection. If there is an obstruction, its position and
diameter relating to the proximal duct can be seen by
stimulating the salivary flow with a sialagogue (e.g. vita-
min C tablets (61)). It must however be noted that the
use of an ultrasound may be limited in the deep part of
the submandibular gland.

Computed tomography (CT) imaging can be useful in
cases where ultrasound fails to recognize a stone. Di-
agnostic value restrictions of ultrasound and CT scans
include discrimination of non-echogenic stone from
stricture, stenosis length and duct diameter distal to
the obstruction site. Conventional sialography, CBCT-
sialography and MRI-sialography can assist in overlapping
these issues.

McGurk and Nahlieli suggest an ultrasound and con-
ventional sialography on the initial assessment in order
to evaluate duct structure, so that the basket retrieval
technique is avoided, if strictures are present. Others
(the Erlangen group-Germany) prefer an ultrasound and
an MRI-sialography as the primary diagnostic investiga-
tion technique.

In many clinical cases, traditional diagnostic images are
still unavoidable for “freezing out” conducive pathologic
conditions. Diagnostic Sialoendoscopy can occasionally
replace the necessity for expensive and frequently non-
diagnostic examinations.

Definitive treatment of sialolithiasis is done with the
removal of sialoliths from the salivary gland, either by
using endoscopic techniques (with a general success
rate greater than 80%), sialodochoplasty or open sur-
gery with the excision of the affected salivary gland. It
is preferable, whenever possible, to use endoscopic
techniques in order to preserve the salivary gland and
avoid all the complications associated with the surgical
removal of the affected salivary gland.

Management of obstructive salivary disorder
due to stones

The management of the obstructive salivary disorder

due to stones depends on the following features (Witt

et al. Minimally Invasive Salivary Calculi):

a) the size of the stone

b) the location of the stone (proximal, distal, or intrapa-
renchymal position)
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¢) the number of stones
d) the impaction or mobility status of the stone
e) the surgeon’s experience

Sialoliths that are observed either within the gland or
extraglandular are not manageable with endoscopic
removal techniques. In these specific cases, stones are
extracted with the excision of the gland and sialodocho-
plasty (62).

There are also other situations in which Sialoendos-

copy is not warranted such as:

a) Non-obstructive sialadenitis that can be resolved with
antibiotic drugs

b) Automatic discharge of the obstruction

¢) Large stone magnitude

d) Proximal position of the stone (e.g. located within the
hilum of the duct)

e) Trismus from TM] pathologic conditions or salivary
gland active infection are contraindications for sialo-
endoscopy (6)

For a regular obstruction, if conservative management
is unsuccessful (sialagogues, massage, heat, fluids, and
antibiotics) sialoendoscopy may be considered. If there
are no stones, the ductal system has to be inspected
thoroughly for kinks, strictures or any other source of
obstruction as far proximally as possible.

Marchal and colleagues found that salivary glands have

functional activity, even after a chronic obstructive dis-

ease (63). This fact gives, to some patients, the oppor-
tunity to undergo a sialoendoscopy procedure in order
to rescue the gland.

Many patients and physicians frequently ask whether all

instances of salivary stones are removable with MIS. The

only way to answer this question is by performing the
sialoendoscopy, because only then can we see/touch/try
to mobilize the stone and remove it. In cases of small,
floating, single or multiple stones it is usually easy to grab

them and extract them with forceps/baskets within a

few minutes. In cases of large, fixed or hidden stones

sometimes it is impossible to have any success at all.

In these situations open surgery or sialodochoplasty is

considered, as mentioned above. Additionally, if bigger

sialoliths are present and/or the location is more proxi-
mal, lithotripsy is also an option. Extracorporeal shock
wave lithotripsy (ESWL) is a non-invasive technique

(first mentioned in the urologic literature) that can be

used for the obstructive salivary gland disease due to

large sized stones. Problems include the necessity for

a second treatment and the retrieval of the sialoliths

(with duct bougienage and the use of the Dormia basket

extraction) that do not flow freely out of the duct (64,

65, 66, 67, 68). In relation to parotid duct stones, the

long-term outcome for ESWL is that 50% of patients

are left free of stones and 80% of them are left free
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of symptoms. In comparison, for submandibular stones,
ESWL is less effective with 30% of patients being left
free of stones. Intracorporeal lithotripsy (endoscopically
assisted) is a minimally invasive technique that can also
be utilized in the treatment of salivary gland large sized
stones (69). For this purpose, a 0.8-mm diameter laser
lithotripter probe is inserted in the working channel in
order to remove the stone. This technique was first re-
ported by Dr. Konigsberger (70) in 1990 and successful
results were published by Dr. Arzoz (71) in 1994.

Sialoendoscopy Techniques

Diagnostic Sialoendoscopy

Preoperative clinicoradiographic assessment of the pa-
tient is always essential in order to guarantee the suc-
cess of the procedure (6), which is carried out under
local anesthesia, IV heavy sedation (intravenous mid-
azolam, 5 mg) (72) or general anesthesia (Nasotracheal
intubation). Difficult and complex cases are better man-
aged under a general anesthesia environment which is
well regulated and also provides the ability for the al-
teration to an open surgery procedure, if required (Gil-
lespie et al.).

Initial surgical tips: Many surgeons insert a probe in the
duct before the injection of the local anesthetic, because
of the distortion caused by the injection (73). Moreover,
the use of a proper mouth prop during the procedure
is important for providing an unobstructed field of view
on the floor of the mouth.

Insertion of the endoscope into the duct papilla (which
is the narrowest part of the duct) may sometimes be
demanding (74). The natural access to the salivary ducts
is the punctum, which is found in most cases at the cen-
ter of the caruncula or papilla. To expose the sublingual
caruncula, the ventral surface of the tongue must be el-
evated towards the palate. This can be performed with
conventional retraction or with the placement of one
or two 2-0 silk sutures paramedian through the lingual
apex. The papilla is very gently manipulated with dental
pick-ups (“cotton pliers”) and instrumented. Be aware
that no suction should be applied to the papilla during
the procedure. For patients with submandibular gland
obstruction, blue methylene is useful for locating and
cannulating the duct (75).

After locating the punctum, the progressive dilating pro-
cess follows using conical dilators and salivary probes of
increasing diameter, in order to prepare the duct for the
insertion of the endoscope (Fig. 5a). Most authors pre-
fer Marchal salivary probes. A duct dilated to a number
3 or number 4 size probe should facilitate the [.3-mm
Storz-Marchal endoscope. The scope is then advanced
as far proximally into the duct as permitted (to the ob-
struction or into the gland hilum). If the ostium is too
small for dilators, a guidewire and bougie dilation may
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Fig. 5: a) The dilating process of the submandibular duct, b) Surgical
exploration and detection of the anterior part of the submandibular
duct.

be performed (76). Guidewire introduction through the
working channel helps the insertion of the endoscope
through a firm papilla (77).

If all the above maneuvers fail and the duct does not
dilate (Papilla stenosis of Wharton's duct), a papillotomy
(“cut-down"” dichotomy approach) is performed. A 5
mm incision with an | |-blade or CO2 Laser is done
directly posterior to the orifice (along the superior sur-
face of the duct) thus creating a larger opening hole in
order to insert the scope. If papillotomy also fails, then
surgical dissection and exposure of the anterior part of
the duct using the microsurgical technique together with
longitudinal incision will facilitate the insertion of the in-
traluminal endoscope (Fig. 5b).

Irrigation with normal saline helps during the dilation
process, the placement of the endoscope and the navi-
gation of the duct. It is established with the appliance
of intravenous tubing to the irrigation port attached to
a 50- to 100-mL syringe. It is advisable that in cases of
chronic sialadenitis, abundant irrigation is helpful during
all the phases of the sialoendoscopy procedure.

There are many factors that can make ductal access

and dilation practically impossible such as:

¢ Caruncula inflammation

* Papilla stenosis or calcification

* Previous gland and/or duct surgery

* Preoperative administration of antisialagogues

* Ductal orifice sphincter spasm, duct stenosis or fibrosis

* Abnormal duct convolutions and duct occlusion or
obstruction
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Fig. 6: (a) Sialolith of a submandibular duct and wire basket usage
for retrieval, (b) Wire basket retrieval of a sialolith from the parotid
duct.

Something important that has to be mentioned is
that patients with duct stenosis should be timely pro-
grammed as soon as possible in the operative day, in
order to prevent dehydration aggravation connected
with NPO status, which minimizes the salivary flow thus
making ostial recognition even more challenging.

Interventional sialoendoscopy

For interventional sialoendoscopy we follow the same
approach as mentioned above for diagnostic sialoendos-
copy. Furthermore, it includes therapeutic surgical move-
ments for resolving the cause of an obstructive salivary
duct. Kinks in the duct can be bypassed with the help of
a guidewire. If the obstruction due to a stone is seen,
a Fogarty catheter can be placed through the working
port beyond the obstruction site in order for it to be
retrieved. Usually a basket is used (Fig. 6). If a laser de-
vice is available, laser lithotripsy can also be performed in
cases where the stone is big in size (6, 78, 79). Calculi of
small diameter can be grasped with forceps, wire baskets
or graspers, which are instruments that are manipulated
through the working cannula of the endoscope. The ob-
structive mucous plug or sialolith can be dislodged with
gentle retraction and removal of the endoscope. In cal-
culus of diameter greater than 5-6 mm, a papillotomy is
necessary in most cases for retrieval, because usually the
orifice sphincter will not dilate more than 3-4 mm.

At the end of the procedure (either diagnostic or in-
terventional sialoendoscopy), before placing the stent
many authors inject 8 mg of dexamethasone into the
duct to reduce postoperative swelling (72).
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Fig. 7: (a) Stent placement in the submandibular duct, (b) Stent
placement in the parotid duct.

STENT insertion

To prevent postoperative ductal lumen stenosis/obstruc-
tion, due to edema, a 2-3 cm long stent is inserted into
the duct and stabilized with a provisional non-absorbable
suture (e.g. 4-0/5-0 proline) for 7-10 days to promote
the healing process and the drainage of the salivary gland
(Fig.7) (72). The stent also prevents the extravasation
phenomenon (with subsequent ranula formation) and
decreases the possibility of recurrence of sialolithiasis.
Moreover, it usually corrects most unfavorable angles
and convolutions of the Wharton duct around the lingual
nerve and the mylohyoid muscle (which is one of the
main causes of obstruction according to the mechanical
theory). Most authors recommend that the stent should
be kept in place for at least 3-4 weeks postoperatively,
which is an approach we agree with as well,

The patient is then given appropriate antibiotics (i.e.
cephalosporin or Augmentin or clindamycin in case of
allergy to penicillin) for 7 days, NSAIDs together with 20
mg of prednisone for 3 days and postoperative instruc-
tions in order to optimize salivary flow. In patients affect-
ed with autoimmune diseases (e.g. Sjogren syndrome-
SS, systemic lupus erythematosus — SLE, etc.) 100 mg of
hydrocortisone are injected under direct vision into the
duct at the end of the endoscopy (80).

Evidently not all stones are amenable for endoscopic re-
moval. In the following section, we will explain, as briefly
as possible, the altemnative therapeutic options for every
possible clinical situation, in relation to submandibular
and parotid salivary glands relating to the location and
size of the stones.
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Table 3: Management of Submandibular gland stones after the failure

of conservative treatment

Distal Stones <5 mm

Transoral (McGurk,

I st-line approach Nahlieli, Witt)

Interventional
sialendoscopy (Erlangen

group)

Ist-line approach

Transoral approach

2nd-line approach (Erlangen group)

ESWL = extracorporeal shock wave lithotripsy.

* Firstly, we will focus on submandibular gland stones,
found on the distal or the proximal duct (Table 3).
Various techniques are available and the decision is
made according to the personal preference of each
physician.

A. Submandibular Stones, Distal and Proximal
Duct

* Bear in mind that the use of the Extracorporeal Shock
Wave Laser (ESWL) for submandibular sialoliths is not
equable as it is for parotid sialoliths.

The transoral approach - preferred by McGurk &
Nahlieli

Distal stones less than 5 mm, located close to the
Wharton'’s duct punctum (I cm less than the orifice)
can be managed with a longitudinal cut of the duct using
a needle tip of electrosurgical unit. Then the removal
of the stone is performed, followed by sialendoscopy
and lavage. The duct heals with secondary intention and
stents are usually not required for preventing stenosis
(81), although many authors recommend placing a stent
for the same reasons that are mentioned above.

Interventional sialoendoscopy — preferred by the Er-
langen group

Alternatively, the primary therapy for distal stones less
than 5 mm can be achieved by performing an interven-
tional sialendoscopy (82). However, papillotomy is usu-

Proximal Stones
<5 mm, Mobile, or
Palpable Intraparen-
chymal

Interventional
sialendoscopy (all
authors)

Transoral approach
(all authors), limited
duct incision (McGurk,
Nabhlieli, Witt), duct
incision papilla to hilum
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Proximal Stones
>5-6 mm, Mobile, or
Palpable Intraparen-

chymal

Transoral approach,
limited duct incision
(McGurk, Nahlieli,
Witt), duct incision
papilla to hilum
(Erlangen group)

ESWL (Erlangen group,
Nabhlieli; McGurk does
not advocate ESWL for
submandibular stones)

(Erlangen group)

ally a mandatory surgical step because the narrowest
part of the duct is the ostium.

Interventional sialoendoscopy uses baskets, balloons or
graspers that permit sialolith removal via the working
channel of an endoscope for mobile proximal subman-
dibular stones less than 5 mm (which is the favored
approach of Nahlieli, Witt, McGurk and the Erlangen
group) (83). The basket is always opened behind the
stone, otherwise it runs the risk of entrapment for large
fixed stones (84). New baskets have been recently in-
vented that permit the stone to be grasped and released,
if it is immobile or too large for it to be retrieved. Bal-
loons (preferred by Nahlieli) can be utilized for remov-
ing small sized stones by passing the uninflated balloon
distal to the stone, then inflating the balloon and finally
withdrawing it (85). Balloons and forceps are inserted
through the working channel of an endoscope. Another
technique presented by Nahlieli is a cutdown approach
to Wharton's duct. In this technique the duct is seen and
opened surgically. Afterwards, a balloon or forceps can
be inserted, not through the working channel but next
to the endoscope (85).

Geisthoff and Maune have reported the usage of a US-
guided mechanical stone fragmentation technique (so-
noguide forceps) (86). The advantage is that larger size
forceps may be used under ultrasound guidance, with-
out the need of a sialendoscope, which restricts the size
of the forceps. Distal stones are more effectively treated
with this technique compared with stones located in the
parenchyma. Following this step, Nahlieli suggests the
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Table 4: Management of Parotid gland stones after the failure

of conservative treatment

Distal Stones
<4-5 mm

Interventional
sialendoscopy (all
authors)

| st-line approach

I st-line approach

ESWL + SE (Erlangen
group, McGurk,
Nahlieli)

2nd-line approach

Combined
sialendoscopic/open
approach (Witt)

Combined
sialendoscopic/open
approach (Erlangen
group, McGurk,
Nahlieli)

2nd-line approach

3nd-line approach

Proximal Stones
<4-5 mm or Mobile,
Visible, Intraparen-

chymal

Proximal Stones
>5-6 mm and
<10 mm

ESWL + SE (Erlangen
group, McGurk,
Nahlieli)

Combined
sialendoscopic/open
approach (Witt)
Combined
sialendoscopic/open
approach (Erlangen
group, McGurk,
Nabhlieli)

Interventional
sialendoscopy (all
authors)

ESWL + SE (Erlangen
group, McGurk,
Nahlieli)

Combined
sialendoscopic/open
approach (Witt)
Combined
sialendoscopic/open
approach (Erlangen

group, McGurk,
Nahlieli)

ESWL + SE = extracorporeal shock wave lithotripsy + sialendoscopy.

use of suction at the working channel in order to take
out dust-like sialolith pieces in selected cases (83).
Stones greater than 5 mm, located in the proximal
Wharton's duct, can be extracted using Nahlieli et al.'s
ductal stretching procedure (87) and limited duct inci-
sion. Modifications have been introduced by McGurk,
which provide a safer surgical approach (ductal & lingual
nerve protection), with the use of the Ferguson mouth
prop and lateral retraction of the sublingual gland with
sutures passing through the teeth (88). The Erlangen
group recommends a different technique by cutting the
duct from the punctum to the hilum. Then, the duct is
securely sutured to the floor of the mouth without a
risk for ductal stenosis (89). Reconstruction of the duct
proximally is technically problematic, therefore letting it
open will possibly not result in an in ill effect. Marchall
described the usage of a guidewire through the working
channel of a sialendoscope passing through the ductot-
omy, as an alternative option. Then the sialendoscope
is withdrawn and a stent is inserted over the guidewire
and then stabilized to the papilla with non-absorbable
suture, leaving it in place for 3 to 4 weeks (90).
Proximal submandibular stones greater than 5 mm,
which are incapable of being removed with transoral
procedures, can be managed with ESWL followed by
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sialendoscopy (ESWL and SE which are favored by the
Erlangen group and Nahlieli) (82, 85). McGurk does not
use ESWL for submandibular stones.

[t is worth mentioning that ESWL is not an FDA ap-
proved technique in the United States of America and it
is not being used. In the USA, robotic-assisted transoral
removal of large and impacted sialoliths offers an alter-
native treatment option in some cases (91).

* Secondly, we will focus on parotid gland stones, found
on distal and proximal duct (Table 4).

B. Parotid Stones: Distal and Proximal Duct

Interventional sialendoscopy and basket retrieval of
proximal and distal parotid sialoliths less than 4 to 5 mm
is the treatment of choice recommended by all authors.
Distal parotid stones less than 5 mm, which are inca-
pable of being removed sialoendoscopically and stones
greater than 5 mm, can be extracted only if they are
finally seen at the duct orifice. Be cautious and avoid
any strive when dissecting the parotid duct along its oral
origin because it may result in stenosis.

Stones less than 4 to 5 mm which are not responsive
to interventional sialendoscopy and stones greater than
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Table 5: Management of intraparenchymal non-palpable or impacted stones greater
than 5 mm after the failure of conservative treatment

Ist-line approach Nahlieli)

I'st-line approach

2nd-line approach

Nahlieli)

Submandibular Stones

ESWL + SE (Erlangen group,

Sialadenectomy (Witt)

Sialadenectomy (Erlangen group,

Parotid Stones

ESWL + SE for stones <10
mm (Erlangen group, McGurk,
Nahlieli)

Sialadenectomy (Witt)

Sialadenectomy (Erlangen group,
McGurk, Nahlieli)

ESWL + SE = extracorporeal shock wave lithotripsy + sialendoscopy.

5 mm are managed with ESWL and SE (favored by the
Erlangen group, McGurk, and Nahliel) (81, 82, 85).

In the USA, where ESWL is not applicable, a gland-
sparing technique for stones greater than 5 mm is ap-
plied on the Stensen’s duct. A combined approach of
external parotid skin incision (with nerve monitoring)
and sialendoscopy is performed. In selected cases with
bigger stones, intraoperative ultrasound can be useful.
The sialolith can be recognized through the endoscope
or with an ultrasound (when stenosis appears distal to
the stone). The parotid duct crosses several branches of
the facial nerve. A colored silicone tube will assist in sta-
bilizing the duct (described and proposed by Marchall).
An external parotid approach with longitudinal cutting
of the Stensen’s duct is followed by closure of the duct
using 6-0 or 7-0 Prolene absorbable sutures. If duct con-
striction (stenosis) occurs, it can be managed with a vein
graft ductoplasty patch. Backwards transoral irrigation
pressure of the Stensen’s duct with sterilesaline via the
irrigation channel of the sialendoscope verifies a water-
tight closure. Sometimes fibrin glue can also help to se-
cure a salivary seal. A stent is inserted as the last step
of the procedure, either from the extemnal approach or
via a sialendoscope forwarded on a guidewire and it re-
mains in place for 3 to 4 weeks (90, 92).

* Thirdly, we will focus on both submandibular and pa-
rotid salivary gland stones found intraparenchymal and
are non-palpable or impacted stones, with their size
being greater than 5 mm (Table 5).

The Erlangen group and Nahlieli advocate ESWL and
SE for both intraparenchymal, non-palpable or impacted
submandibular and parotid stones (82, 85). On the oth-
er hand McGurk, favors ESWL and SE only for parotid
stones (81).

Multiple intraparenchymal stones, incapable of being
treated with conservative therapy, are managed with
sialoadenectomy, which is recommended by all authors.
In the USA, where ESWL is not being used, sialoadenec-
tomy is proposed for immobile intraparenchymal stones

and those not amenable to the above-mentioned gland-
sparing techniques. A well performed sialoadenectomy
has a low risk of complications to the cranial nerves (V,
VII, and XIl), without any concems for xerostomia.

Complications in salivary gland endoscopy

Generally, the technique is harmless and effective, al-
though complications may appear, with an incidence of
less than 10% (most of them are minor) (93). Swelling
of the gland is most often seen secondary to the abun-
dant irrigation process. Additionally, failure to recognize
and remove an impacted sialolith at the duct orifice can
cause protracted swelling and infection (73). Extravasa-
tion of the irrigation fluid may occur on the floor of the
mouth and the surrounding tissue due to an iatrogenic
duct perforation (6). Transient paresthesia to the lingual
nerve may also appear, usually due to the manipulation
of an instrument away from the duct borders (94, 95).
Moreover, temporary facial nerve palsy has been re-
ported in the literature. Another complication is duct
perforation (6) and if it is suspected, the endoscopic
procedure should be abandoned and another treatment
modality has to be applied. Failure to extract a stone can
cause cellulitis of the gland and the surrounding tissue
(73). An iatrogenic ranula or infection may also occur
(95). The papilla (duct orifice) may be exposed to local
trauma due to manipulation and become ulcerated or it
may lead to bleeding and edema 6. Stricture of the duct
has been observed with an incidence of 4% as a long-
term complication (94, 95).

Salivary fistulas, sialocele, minor ductal tears, and minor
hemorrhage have been also mentioned in the literature
as possible complications (95).

The role of endoscopy in the treatment of
facial fractures

Introduction
Kobayashi et al. reported the clinical application of the
endoscope in maxillofacial fractures in 1995 (6). Ac-
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curate repair of complex craniomaxillofacial trauma is
mandatory for functional and esthetic reasons. The ac-
cess to the site of the fracture may sometimes be very
difficult and endoscopic techniques are useful in such
situations. The role of endoscopy in the treatment of
facial fractures has been described in the literature and
includes:

* Orbital floor fractures

* Mandibular angle fractures

* Condylar fractures

* Frontal sinus fractures

» Other maxillofacial injuries

Orbital Floor Fractures

Introduction

In conventional periorbital techniques, the posterior
border of the orbital floor defect may not be clearly
visible. Furthermore, these surgical approaches demand
significant orbital soft tissue manipulation (96). Saunders
et al. described the intra-oral transantral approach for
the repair of orbital floor fractures in 1997 (97).

With the aid of an endoscope, a minimally invasive sur-
gery can be executed in order to assess the magnitude
and severity of the fracture through a transantral ap-
proach (intra-oral or trans-nasal fashion). In this litera-
ture review, we mainly focused on the intra-oral trans-
antral approach, because it is the technique that most
authors prefer to perform.

In bigger bone defects, repair only with the aid of an en-
doscope is challenging and it usually requires additional
techniques, such as a combination of an inferior eye-
lid incision and endoscopy (Farwell and Strong, 2007;
Strong et al, 2004). Moreover, if an implant placement
is needed, lower eyelid approaches allow for an easy
insertion, while the endoscope provides visualization of
the posterior region (Nahlieli et al,, 2007).

Benefits of the intra-oral trans-antral approach (96, 98)

The following advantages have been mentioned by

many authors in the literature regarding the intra-oral

trans-antral approach:

¢ Easy identification of the location/size of the defect
(superior visualization)

* Decreased manipulation of the orbital contents and
periorbital soft tissues

* Anatomic fracture reduction

* Lower risk of postoperative eyelid complications (ec-
tropion/entropion, scleral show, eyelid edema)

* Good aesthetic and functional results

* It restores the orbital volume which is critical for globe
position and visual acuity

The intra-oral trans-antral approach is a delicate tech-

nique that requires extensive training and experience

(with a longer learning curve), in order to have com-
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parable results with those of the traditional periorbital
approaches (96).

The endoscopic approach in orbital floor fractures is
also considered in patients where traditional approaches
are contraindicated, such as those with hyphema, retinal
detachment or globe injuries (99).

Complications of orbital floor fractures

Examples of complications of orbital floor fractures are
hypoglobus, enophthalmos, diplopia (due to inferior
rectus muscle entrapment, orbital soft tissue entrap-
ment or both), Infraorbital Nerve (ION) paresthesia,
limited ocular range of motion, orbital emphysema (due
to communication with the maxillary sinus), orbital hem-
orrhage (risk for compressive optic neuropathy), globe
rupture, hyphema, retinal edema, decreased visual acu-
ity, amaurosis and loss of vision.

The Intra-Oral Trans-antral orbital floor
fracture repair technique

In the literature, different approaches have been report-
ed for the repair of orbital floor fractures, including a
plain periorbital approach (subciliary, transconjunctival,
midtarsal), a plain trans-antral approach or a combina-
tion of them (100, 101).

In the majority of cases, a purely trans-antral approach
(without eyelid incision) is efficient for the repair of the
orbital blow-out fracture and an implant may be in-
serted transantrally for the reconstruction of the orbital
floor. However, caution must be taken when handling
the intraorbital tissues from the antrum, in order to
avoid impaction damage to the musculature, the peri-
orbital content (orbital periosteum or orbital fascia) and
the optic nerve. Another important surgical parameter
is that in order to re-establish the orbital volume prop-
erly and avoid complications such as enophthalmos, it is
always mandatory to rebuild the posterior projection of
the orbital floor.

Last but not least, according to the intraoperative find-
ings, the surgeon should always be ready to access the
orbital floor via a traditional periorbital approach if nec-
essary (100).

Technique

The forced duction test is performed with fine tissue
forceps while the patient is under general anesthesia
(oral endotracheal intubation). Comeal protection is
imperative and it is obtained with the placement of a
corneal shield with adequate lubricant.

A maxillary vestibular incision is performed (similar to the
Caldwell-Luc incision) with needle electrocautery. Dis-
section is carried out subperiosteally in order to uncover
the anterior and the lateral maxillary wall and the ION.
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Afterwards, two osteotomies on the anterio-lateral an-
tral wall are performed, with the positioning of two por-
tals, each 6 to 7 mm in diameter (posterior antrostomy
at the buttress area).The first one is for the insertion of
the endoscope (vision portal) and the second one for
the instruments (working portal). Most authors prefer to
perform only one lateral antrostomy (Fig. 8) and use the
all-in-one endoscope.

Then the endoscope is introduced into the maxillary si-
nus (the natural optical cavity). A 30° 4 mm in diameter
with a xenon light source endoscope is recommended,
although 0°, 45° or 70° endoscopes may also be utilized
(6).

Subsequently a sinusotomy of the sinus roof/orbit floor
is done with the aid of Blakesley nasal forceps (demuco-
salization), then the fracture site/margin is visualized and
inspected, followed by the identification of the ION and
the inferior rectus muscle. Lastly sharp bone fragments
are removed if necessary (97).

After careful dissection, the orbital prolapsed tissue
(fat, muscle) is repositioned cranially into the orbit. The
orbital contents are gently pulled and pushed into the
orbit with curved periosteal elevators. If the fractured
pieces can be reduced, they can be stabilized with a tita-
nium mesh or other material adapted on the antral side
of the fracture. If not, an appropriate implant is placed
on the orbital side of the fracture, so that both orbital
volume and eye globe function are restored (For the
fixation, 2 to 4 screws are used on the anterior and lat-
eral maxillary sinus surfaces). Bear in mind that | screw
is placed on the buttress area and | screw is placed on
the pyriform fossa for providing maximum stabilization.

A forced duction test is repeated (under endoscopic
vision in order to observe the inferior rectus muscle
for entrapment or interference during movement). Re-
attachment and fixation of the osteotomized antero-
lateral maxillary sinus wall are then performed and the
incision is usually closed with resorbable interrupted
sutures (97, 98).

A postoperative CT scan is always performed in order
to confirm the adequate orbital floor continuity and the
level of correction.

The patient receives sinus precaution instructions, anti-
biotics, steroids and nasal decongestants. In rare cases,
medications such as acetazolamide can help reduce the
intraocular pressure 101.Usually, general improvement
of the patient and resolution of the diplopia is seen after
48-72 hours.

The choice of method for supporting the orbital floor,
after elevation of the orbital contents, remains debat-
able in the literature. According to this topic, in the liter-
ature it is well described the usage of autogenous bone
(cranial bone, iliac crest, rib, anterior maxillary wall), al-
loplastic materials, titanium mesh or a resorbable plate/
gelatin film to rebuild the orbital floor defect after trans-

s ‘Al »
Fig. 8: The trans-antral orbital floor fracture repair technique. Expo-
sure of the lateral maxillary sinus wall via the modified Caldwell-Luc
incision.

antral reduction. If a Titanium mesh plate is chosen, note
that it can be shaped according to the size of the orbital
floor with the help of curved periosteal elevators and a
Foley catheter balloon and then stabilized with screws
to the lateral surface. Most authors prefer the use of au-
togenous bone, because it gives the best clinical results
with minimal to none at all complications and it is also
the gold standard for this purpose (102).

An updated protocol of virtual planning for
minimally invasive management of internal
orbital floor fractures (103)

This new protocol was introduced at the 2 Ist Congress
of the ltalian Society for Maxillo-Facial Surgery and won
the Costantino Giardino prize for scientific innovation
(103).

The aim was to perform an accurate anatomical reduc-
tion of internal orbital floor fractures (Pure orbital blow-
out fractures, without orbital rim or other facial bones
fractures). As mentioned earlier, autogenous bone graft
is the ideal gold standard material for orbital floor de-
fects, but at the same time the correct size and shape
of the graft is also important for a stationary reconstruc-
tion.

The authors introduce a new protocol that combines
endoscopy, virtual reality (CAD-CAM), and 3D printing.

Methodology: 14 patients with orbital floor frac-
tures were selected. All patients underwent HR (high
resolution)-CT scans for proper imaging of the bone
defect. Virtual reconstruction of the defect was done
and a 3D printed template was manufactured in order
to supply intraoperative guidance in the graft harvesting
phase, according to the orbital defect. The surgical guide
was designed slightly bigger than the borders of the de-
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fect, in order to allow the harvesting of an oversized
bone graft, so that it would fit over the orbital defect
and be supported by the fracture outline. Postoperative
CT scans were also performed in order to evaluate the
orbital floor reconstruction.

Patients

Causes of injury were divided into 4 groups: assaults
(42.9%), sport accidents (28.6%), falling from heights
(14.9%) and car accidents (14.9%). Based on the time
that had passed before surgical intervention, patients
were subdivided into two groups: early surgical inter-
vention (79%) and late surgical intervention (21%). In
all patients preoperative clinical examination was per-
formed, such as assessment of the visual acuity, move-
ment of the eyeballs and exophthalmometry (measure-
ment of the extent of protrusion of the eyeballs).

Indications for surgical reconstruction of orbital floor
fractures included the following signs and symptoms:
Post-traumatic constant diplopia, enophthalmos greater
than 2 mm, vertical dystopia, CT scan verification of the
infraorbital soft tissues, herniation into the maxillary si-
nus and a positive forced duction test.

All patients, 48 hours postoperatively, performed a CT
scan. Follow-up was scheduled at | month, 2 months
and 6 months.

Selection criteria: Class Il and Il only according to the
classification of orbital floor fractures defined by Jaquiéry
et al. in 2007.

The source of the bone graft was chosen according to
Jaquiery's classification: in a Class Il bone defect the max-
illary sinus bone was a logical option, while for bigger
defects such as in Ill, a donor area like the iliac crest
bone was chosen.

Procedure: All cases were executed under general anes-
thesia using an intra-oral trans-antral approach. A 3 cm
vestibular incision created access for the anterio-lateral
wall of the maxillary sinus. The surgical guide was placed
on the maxillary bone surface and a bone window was
marked to equal the orbital wall defect. Using Piezoelec-
tric surgery, a maxillary bone cut was done for inserting
the endoscope. Then, the excised bone was arranged
for reconstructing the orbital floor for Class Il defects.
For bone defects greater than 2cm, the iliac crest bone
graft is the best choice as we mentioned earlier. 0° and
30° sinus endoscopes were used for the inspection of
the herniated orbital content and the ION. With the
usage of a periosteal elevator, the orbital soft tissues
were gently pulled up into the orbital cavity. During the
procedure, caution was taken in order to avoid iatro-
genic injuries to the ION and the inferior rectus muscle.
Note that in cases where a comminuted orbital floor
fracture exists, bone fragments were removed so that
they would not protrude into the orbit.
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A bone graft was then placed via the maxillary sinus
bone window and it was pulled upwards until its pe-
ripheral end matched the borders of the fracture and
support for the orbital content was obtained.

Finally, a bio-collagen membrane was used on the maxil-
lary opening and it was fixed with bone-anchored su-
tures and then the mucogingival junction was sutured
water-tight.

Results & Discussion: Mild ION paresthesia was ob-
served in only two cases. Preoperative diplopia was di-
agnosed in |2 patients preoperatively. Postoperatively,
persistence diplopia was observed only in one patient. In
all cases, preoperative enophthalmos was resolved after
the surgery. Postoperative CT scans displayed anatomi-
cal reconstruction of the orbital floor.

The intraoral trans-maxillary approach decreases the
risk of intraorbital vascular structures damage, since the
reduction of the hemiated orbital tissues is done from
the bottom, through the maxillary sinus cavity.

It is worth mentioning that the presence of an intraor-
bital hematoma is a complication related to orbital frac-
tures. With this technique, the archived wide opening of
the anterolateral maxillary wall provides straightforward
access for the decompression of the hematoma without
any delay. Moreover, external incisions (lateral canthot-
omy or inferior cantholysis) can be done if necessary, for
decompression and in order to release the hematoma
(Brucoli et al, 2012).

Mandibular angle fractures

Introduction

Mandibular angle fractures are among the most com-
mon injuries of the maxillofacial region and can be treat-
ed in various ways. Therefore, no general agreement is
observed in the literature, regarding the optimal treat-
ment of this facial fracture.

Many factors are responsible for the high reported rates
of postoperative complications, such as facial nerve in-
jury (marginal mandibular branch) (104).

When using a traditional intraoral approach, it may be
difficult to correctly place a fixation plate because of lim-
ited access and visualization. This intraoperative prob-
lem can be resolved with the usage of an endoscope.

Benefits of using the endoscope

A surgeon can use a superior and inferior border plate
with great precision. The ability to view the entire fracture
line up to the inferior border of the mandible gives the
opportunity for anatomic bone reduction. Furthermore,
the use of an endoscope eliminates the hazard of facial
nerve injury or other neurovascular complications, such
as bleeding. Another important benefit is that it allows
the patient to function immediately rather than being in
stress and suffer from closed reduction technique (IMF).
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The use of an endoscope, in comparison with the ex-
traoral Open Reduction—Internal Fixation (ORIF) tech-
nique, has less pain and postoperative edema and the
scar is much less visible 6. Last but not least, excellent
functional results 12 weeks post-operatively are ob-
tained (bite, normal occlusion, mouth opening) (105).

Subcondylar Fractures

Introduction

Many approaches for the management of mandibular
condylar fractures are published in the literature and
include functional (conservative treatment), closed re-
duction with IMF and ORIF (106). The incidence of this
fracture ranges from 9 up to 45% of all mandibular frac-
tures (107,108).

In the literature there is no agreement concerning the
optimal management of subcondylar fractures, which
supports either open or closed reduction techniques.
The use of an endoscope offers a third choice in the
treatment of subcondylar fractures, with the advantages
of the open technique (Table 6), but at the same time
without the major disadvantages of the open technique
(e.g. external visible scar, facial nerve branches injury,
salivary fistula formation) (109-116).

Technique

The endoscopic-assisted technique for a subcondylar
fracture can be carried out as an extraoral or atransoral
procedure. Many authors suggest a transoral approach
whenever possible in order to avoid the disadvantages
of an extraoral incision. The extraoral endoscopic sub-
mandibular incision should be done only when the se-
verity of the fracture abolishes the transoral approach
as an obtainable technique (i.e. severe fracture override,
severely oblique fracture or comminution) (I 18). Mod-
erate to severe displacement segments, with consider-
able ramus height shortening, indicate the usage of the
traditional external open technique.

Regarding the transoral approach, the mucosal incision
is done at the pterygomandibular groove, on the ante-
rior border of the ramus. The incision can be extended
caudally to the vestibular mucosa corresponding to the
mandibular first molar, similar to that of a sagittal split
osteotomy (SSO) in orthognathic surgery.

Then, a subperiosteal dissection to the proximal man-
dibular part is done in order to create the working opti-
cal cavity. A 30°, 4 mm in diameter endoscope is most
often used and advanced superiorly to the fracture area.
Bear in mind that the subperiosteal dissection must
uncover the lateral part of the mandibular ramus, the
posterior border of the mandible, the sigmoid notch
and the gonial angle. Afterwards, the inserted fibers of
the temporalis muscle are stripped from the coronoid
process. Then the endoscope is introduced on the lat-
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Table 6: Advantages of Endoscopically as-
sisted ORIF of subcondylar fractures over
conventional ORIF (117)

Mostly performed with intraoral incisions

Improved vision and expanded field of operative
view

Minor hemorrhage

Improved anatomic reduction

Decreased postoperative morbidity (i.e. pain,
swelling, and limited mouth opening)

Immediate postoperative function of the
mandible with TMJ function restored to
unrestricted pre-trauma joint movement

Fig. 9: A miniplate and screws placed at the posterior lateral surface
of a subcondylar fracture

eral side of the ramus, with the help of a sigmoid notch
retractor and a modified posterior border retractor, in
order to observe and evaluate the fracture line.

The non-dislocated or laterally dislocated condylar seg-
ment can be reduced with instruments that each sur-
geon is comfortable with. Accurate anatomic reduction
of the condylar section over the mandibular ramus is
done with a long periosteal elevator and/or modified
condylar distractors. After the reduction of the proximal
segment, the elevator tip is placed on the lateral aspect
of the fragment for temporary stabilization. A titanium
specific miniplate for condylar fixation can be adapted
over the condylar section and the ramus (Fig. 9).

The condylar segment is fixated with the use of one up
to three titanium screws, via the transbuccal approach,
after a small 3 mm skin incision in the tragal fold is per-
formed, inferior to the lobe. In addition, note that the
transbuccal trocar regime may result in damage of the
branches of the facial nerve and blood vessels, infec-
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tion and sinus tract. The use of angled-type drills and
screwdrivers decreases these complications. However
the usage of these tools creates restrictions, such as the
manipulation of instruments inside the closed optical
cavity and the synchronization between the surgeon and
his/her assistants. These restrictions are resolved with
extensive training and experience (123, 124, 125).
Some authors agree and advance the use of a single
mini-dynamic compression plate because as they say, it
is the most reliable and stable in performance, atthough
lately there is a scientific discussion about the general
usage of compression plates in Maxillofacial Trauma.
Alternatively, two miniplates, one alongside the lateral
posterior border and one alongside the sigmoid notch
(the line of tension) can be placed. A 3D-plate can also
be used.

Upon completion of the procedure, the occlusion is al-
ways checked and the surgical wound is closed water-
tight.

An important surgical tip is that it is beneficial not to put
the patient into Maxillomandibular Fixation (MMF), in
order to permit movement between the proximal and
distal segments. This allows for the bone reduction to
be easily accomplished.

In cases of subcondylar fractures, in which the condyle
segment is displaced but without dislocation, the frac-
tures can be reduced and fixated via the intraoral ap-
proach aided by an endoscope. The subcondylar frac-
tures with lateral override are easier to manage with
an intraoral approach assisted with an endoscope in
comparison with those of a medial override (119, 120,
121, 122). In subcondylar fractures with medial disloca-
tion, endoscopic assisted reduction is very difficult to be
achieved only with the intraoral approach. A combined
intraoral and extraoral endoscopic approach is indicated
in these situations. It is worth mentioning that an angu-
lation of more than 45 degrees, between the fracture
segments, especially those with simultaneous medial dis-
placement, indicates the use of the traditional external
open ORIF approach.

In cases where a combined intraoral and extraoral ap-
proach will be used, it is advisable to start with the intra-
oral endoscopic approach, complete the dissection and
then perform the external endoscopic approach. This
way, the facial nerve is safe and the skin scar is minimal
(less than lcm) (119). In rare occasions, where early
malocclusion occurs, use an elastic IMF for | to 2 weeks
in order to stabilize the correct occlusion.

The transoral endoscopic approach can be used for sub-
condylar fractures, whereas the extraoral endoscopic
approach can be used for anything related to the Ramus
Condylar Unit (RCU).

The extraoral endoscopic approach (submitted by
Prof. Dr. M. Troulis) consists of a .5 cm subangulom-
andibular incision, approximately 2 cm cervical to the
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mandibular angle. Many procedures can be performed
with this technique, such as condylectomy, costochon-
dral grafts placement, coronoidectomy, Vertical Ramus
Osteotomy (VRO) and fixation, biopsies and ORIF of
subcondylar fractures.

Once the platysma muscle is passed, blunt dissection is
performed towards the inferior border of the mandible
and then a sharp incision is made through the pterygo-
masseteric sling using a number |5 size blade. The sharp
dissection is continued down to the bone of the man-
dibular angle. Then a suction-assisted endoscopic eleva-
tor is placed (e.g. Snowden-Pencer elevators) in order
to create an optical cavity.

The 30° endoscope should be placed parallel to the
posterior border of the ramus with direct access to the
condyle. The anterior and posterior borders of the ra-
mus, the sigmoid notch, the coronoid process and the
posterior body of the mandible are the visualized rel-
evant anatomic landmarks.

A curved, long-handled retractor is placed in order to
preserve the working optical cavity. Subsequently, an
angle clamp is positioned at the angle to help with the
distraction of the ramus. The distal and proximal pieces
are recognized via the endoscope. Afterwards, a clamp
is used for catching the condylar neck and for placing the
condylar head in the fossa. Then, the fracture is reduced
and the distracted ramus is set free.

A 20 mm (with 5 holes) titanium plate is positioned
and the proximal screws are inserted. The plate-holder
is then removed and the plate is used for handling the
proximal segment. Reduction at the posterior border
is checked and the distal screws are inserted, with or
without the help of a percutaneous trocar.

Upon completion of the procedure, the incision is closed
in layers using absorbable sutures for tissues under the
skin and non-absorbable sutures for the skin.

Frontal sinus fracture (126, 127, 128, 129, 130)

Introduction

Frontal sinus fractures represent about 5-15 % of all
facial bone fractures. One-third of them are isolated
to the anterior table and this subtype of frontal sinus
fractures is mainly a cosmetic defect. There are two ba-
sic endoscopic treatment choices for the anterior table
frontal sinus fractures: endoscopic reduction and mini-
plate fixation or camouflage of the contour defect with
the placement of an implant.

Be aware that frontal sinus fractures are usually linked
with a remarkable force and they are involved with oth-
er intracranial or facial injuries, which definitely require
neurosurgical consultation.

Traditional approaches that have been used until now
for the treatment of those fractures include: Bicoronal,
open-sky, gull-wing, butterfly, unilateral medial orbital
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incision or pre-existing lacerations. All these incisions al-
low the proper anatomic reduction and reconstruction
under direct vision, but with many disadvantages such as
facial scar, alopecia, bleeding, nerve injury etc.

Complex frontal sinus fractures should be managed with
the above mentioned traditional open techniques. How-
ever, in an isolated anterior table fracture, with minimal
displacement and without comminution, the endoscopic
approach gives an alternative esthetic surgical option.

CONCLUSIONS

Surgeons have recently found many advantages from
the use of an esdoscope in some oral & maxillofacial
procedures. In the past, only traditional open (intraoral/
extraoral) techniques were used. New appliances for
endoscopically assisted procedures are being used and
the benefits for the patients are notable. Reduced com-
plication rates, high success rates, great postoperative
functionality, early recovery, and improved esthetic re-
sults have made the endoscope a helpful tool in a maxil-
lofacial surgeon's career.

As endoscopic surgery development progresses further,
patients will benefit from shorter incisions, less pain and
earlier recovery. And, evidently as surgeons become
more familiar with the endoscopic techniques, more pa-
tients will benefit from minimally invasive surgery.
Among the advantages of MIS, it should be noted that
it leads to less postoperative edema, quicker recovery,
and less complications such as bleeding, nerve injury etc.
Trauma, sialoendoscopy and TM] surgery are proce-
dures commonly executed with the help of an endo-
scope.

Finally, more clinical trials are needed in order to pro-
vide better based-evidence on some specific topics. Our
main goal by writing this literature review article was
to present a brief step-by-step explanation of the most
frequently performed maxillofacial procedures that can
be done with the aid of an endoscope, such as TM|
arthroscopy, Sialoendoscopy and Facial Trauma recon-
struction. Nevertheless, taking the available literature
evidence and discussion into consideration, it is con-
cluded that the application of endoscopic techniques in
the daily practice of oral and cranio-maxillofacial surgery
is worthy, capable, effective and desirable.
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