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Abstract: Mandibular fractures are the third most frequents max-
illo-facial fractures. Most frequent site is the subcondylar region.
Different approaches to reach subcondylar region, have been
described. In the study was evaluated the advantages of neuromus-
cular block during endoscopic surgery for subcondylar fractures.
Twenty-five patients affected by subcondylar fractures were
enrolled in this study and divided in 2 groups; group A: patients
who received an intraoperative booster of curare during surgical
procedure and group B patients who underwent surgery treated
without the intraoperative booster of curare. All patients were
treated successfully by endoscope-assisted transoral approach.
The analysis of time required for surgery showed a reduction in
group A comparing to group B. The mean time for surgery for the
patients in group B with displacement between 08 and 458 was 170
minutes, and for 458 to 908 was 230 minutes. In group A, the mean
time was 117.5 minutes for patients with condylar displacement
between 08 and 458, and 147.5 minutes for the other group. In
conclusion, deep neuromuscular block seems to improve the surgi-
cal conditions in patients undergoing subcondylar endoscopic
assisted surgery, further study needs to assess this surgical tech-
nique in order to better define this surgical protocol.

Key Words: Condylar fracture, endoscopic surgery, mandibular

fracture, neuromuscular block

B ackground: Mandibular fractures are the third most frequent
maxillo-facial fractures (11%–16%).1–4 Among these, approx-

imately 9% to 45% affect the condyle process.5,6

The most frequent site of fractures is the subcondylar region,
accounting for approximately 30% in dentate patient.7–9

Widely discussed is the treatment of subcondylar fractures.
Open reduction and internal fixation (ORIF) seems to be considered
the treatment of choice in displaced fractures with clinically evident

functional loss. ORIF provides good alignment, establishes facial
symmetry and restores function and anatomical structures; how-
ever, it does not always provide wide surgical exposure.10 Many
different approaches to reach subcondylar region have been
described, including transoral, submandibular, preauricular, or
retromandibular approach.11–13

In the last years, the growing demand for aesthetic results has led
to the development of minimally invasive approach trying to
achieve a balance between safety operation and aesthetical results.9

Endoscopically assisted ORIF represents an effective technique to
satisfy both needs; the main advantages of endoscopic technique are
represented by minimal scar and reducing of facial nerve
injury11,13–15; by the other hand, the main disadvantage is the long
time learning curve and the reduction of operative field.

In this study, using an adequate deep neuromuscular block
(DNB) endoscopically assisted surgery is improved reducing con-
tractile forces of masticatory muscles.

The purpose of the study is to show how it is possible to reach a
stable reduction by using endoscopic tools by the aid of a DNB.

MATERIAL AND METHODS
A retrospective study was carried out between November 2011 and
December 2017 at the Department of Maxillofacial Surgery of the
University of Naples Federico II.

Twenty-five patients (9 females and 16 males, aged between 18
and 55 years) affected by subcondylar fractures were treated
successfully by endoscope-assisted transoral approach. In 18 cases,
a car accident caused the condylar fracture, 5 cases were due to
physical assault, and 2 cases were caused by domestic injuries.

In the study, adult patients affected by displaced unilateral
mandibular subcondylar fractures with deranged occlusion and
functional impairment, have been enrolled.

Condylar fragment was dislocated medially to the ascending
ramus of the mandible in all cases; and basing on the computer
tomography (CT) scan images was evaluated the condylar displace-
ment. The CT scan was performed at 08 Gantry.

Patients affected by other maxillary fractures, pediatric patients,
patients without displacement of the condylar fragment or high
condylar fractures (intracapsular or condylar head fractures) and
patients without functional impairment were excluded.

Before surgery, an accurate preoperative evaluation including
orthopantomography and CT scan to assess subcondylar fracture
and degree of displacement (condylar preoperative displacement-
CPOD- 08–458, 458–908), was carried out for all patients (Fig. 1).

Surgery was performed generally within 3 to 9 days after the
injuries. Patients were retrospectively divided into 2 groups. In
group A were enrolled patients from March 2015 to December 2017
who received intraoperative booster of curare during surgical
procedure. In group B were enrolled patients who underwent
surgery from November 2011 to February 2015, treated without
the intraoperative booster of curare.

The anesthetic procedure included a dose of curare (0.6 mg/kg
Rocuronium broniche) during ‘‘induction’’ phase for both groups,
and all the patients received an endonasal intubation.

In patients of the group A, a neuromuscular transmission
monitor (TOF-Watch SX, Organon Ireland Ltd, a subsidiary of
Merck and Co, Swords, Co. Dublin, Ireland) was connected to the
stimulating electrodes, and to an acceleromyographic transducer.
The electrodes were placed on orbicularis oris muscle, orbicularis
oculi muscle, and one 2 cm anteriorly to the ear lobe on the
zygomatic arch.

The acceleromyograph was calibrated with 2 Hz tetanic stimu-
lation for 2 seconds and train-of-four (TOF) stimulation for 3 min-
utes (Fig. 2). Neuromuscular function was monitored by
acceleromyography, using the TOF-Watchw SX at the adductor
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Via pansini n. 5 Napoli 80100; E-mail: paolabonavolonta@gmail.com
The authors report no conflicts of interest.
Supplemental digital contents are available for this article. Direct URL

citations appear in the printed text and are provided in the HTML and
PDF versions of this article on the journal’s Web site (www.jcraniofa-
cialsurgery.com).

Copyright # 2020 by Mutaz B. Habal, MD
ISSN: 1049-2275
DOI: 10.1097/SCS.0000000000006958

BRIEF CLINICAL STUDIES

The Journal of Craniofacial Surgery � Volume 00, Number 00, Month 2020 1

mailto:paolabonavolonta@gmail.com
http://www.jcraniofacialsurgery.com/
http://www.jcraniofacialsurgery.com/
http://dx.doi.org/10.1097/SCS.0000000000006958


Copyright © 2020 Mutaz B. Habal, MD. Unauthorized reproduction of this article is prohibited.

CE: D.C.; SCS-19-01802; Total nos of Pages: 4;

SCS-19-01802

pollicis muscle. Monitoring started after the induction of anesthesia
(before rocuronium administration) and continued until at least
10 minutes after recovery of the TOF ratio to 0.9. Repetitive TOF
stimulation was applied every 15 seconds at the ulnar nerve.
Neuromuscular data were collected via a transducer fixed to the
thumb and the TOF- Watchw SX monitoring program.

Additional rocuronium was administered intravenously only in
the group A.

The follow up time was at 1, 6, 12 months (Fig. 3A–C). During
follow up sessions were assessed temporomandibular joint dysfunc-
tion, dental occlusion, mandibular anterior opening, mandibular
deviation on opening, facial nerve injuries and infections.

SURGICAL TECHNIQUES
Surgery was performed under general anesthesia. A subperiosteal
dissection was performed to permit the endoscope positioning. A
308 optical endoscopic dissector with distal spatula (Karl Storz,
Tuttlingen, Germany) was inserted to identify the fracture’s site,
and to evaluate the degree of condylar displacement. Reduction was
obtained pulling downward on the mandible’s angle, and using
endoscopic tools the proper reduction was checked. A trapezoidal
miniplate (2.0 mm AO/ASIF miniplates - Synthes company -
Switzerland) and four 6 mm. screws were used to obtain a stable
fixation using a trans-buccal trocar (Fig. 3D–E).

RESULTS
In group A, 9 patients presented a CPOD ranged between 08 and 458
(56%), the other 7 had a CPOD ranged between 458 and 908 (44%).
In group B, 6 patients presented CPOD ranged between 08 and 458
(67%), 3 patients between 458 and 908 (33%) (Supplementary
Digital Content, Table 1, http://links.lww.com/SCS/B734). The
evaluation of condylar displacement influenced the mean time
required for surgery as showed in Supplementary Digital Content,
Table 2, http://links.lww.com/SCS/B734. In group A, the reduction
of the fracture and its fixation, were easily reached using anesthetic
procedure based on an initial dose of curare (0.6 mg/kg Rocuronium
broniche) during ‘‘induction’’ phase followed by the booster injec-
tion of curare (0.15 mg/kg Rocuronium broniche). The muscle
relaxation obtained, permitted a better exposition of surgical field.
To monitor the grade of relaxation TOF system was used.

Deep neuromuscular block (DNB) with Rocuronium increased
conditions for short-time surgery. The analysis of time required for
surgery showed a reduction in group A comparing to group B. The
mean time for surgery for the patients in group B with CPOD
between 08 and 458 was 170 minutes, and for 458 to 908 was 230
minutes. In group A, the mean time was 117.5 minutes for patients
with condylar displacement between 08 and 458, and 147.5 minutes
for the other group.

The postoperative CT scan and orthopantomography confirmed
an adequate reduction of condylar fragments in all patients (Fig. 4).

FIGURE 1. Orthopantomography showing left subcondylar fracture (A),
computer tomography scan showing left subcondylar fracture coronal view
(B) and axial view (C).

FIGURE 2. Positioning of electrodes on skin surface (A). Neuromuscular
transmission monitor (B).

FIGURE 3. Intraoral postoperative examination. (A-B-C). Optical dissector with
distal spatula (D) and endoscopic view fixation with trapezoidal plate (E).

FIGURE 4. Computer tomography scan showing the degree of a left
subcondylar fracture (A) and proper reduction of the fracture (B).
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Follow up was settled at 1, 6, and 12 months. During physical
examination, temporomandibular joint disorders, dental occlu-
sion, facial nerve injuries and infections were assessed (Supple-
mentary Digital Content, Table 3, http://links.lww.com/SCS/
B734).

During follow-up mean (SD) mouth opening increased to: 46.8
(9.5) in group A CPOD- 08 to 458, and 45.1 (9.6) in group A CPOD-
458 to 908. In group B, 43.2 (10.0) CPOD- 08 to 458, 40.6 (9.6) in
group B CPOD- 458 to 908.

None of patients presented condylar resorption on CT scan.

DISCUSSION
Mandibular fractures are the third most frequent axilla-facial
fractures, especially in young men. According with the recent
literature road traffic accidents accounted for the largest number
of fractures and the mandible was the most commonly involved
site.16

The treatment of subcondylar fractures still remains a serious
challenge for axilla-facial surgeons. Nowadays, open versus closed
reduction is still debated to avoid facial visible scar and nerve
injury.15–19 Several authors have described closed reduction to
avoid these complications.8,10,17,20,21

To avoid the facial nerve injury, inaesthetic scars, and incorrect
alignment of the bone segments, the retromandibular trans-parotid
approach can be a valid option. Especially to treat patients needing
open treatment for extracapsular condylar fractures.22

During the pediatric age, a valid option should be the orthopedic
functional approach, using semirigid external fixation. This
approach allowed site self-remodeling with a small visible scar.23

In literature is well known how the conservative approach is
safer compare to the others. Meanwhile poor oral hygiene, TMJ
disfunction, or ankylosis may represent the possible complications.

The role of oral health is essential to restore after mandibular
fracture. Different systemic diseases ranging from an insulin resis-
tance to periodontal disease, may arise if oral health is compro-
mised.24

Minimally invasive endoscopic approach could minimize the
possibilities of postoperative complications and improve the oral
health.25,26 Early rehabilitation is achieved through endoscopic
surgery.27 The main drawback of these procedure is represented
by the long-time learning curve.

The study was based on the knowledge that the displacement of
condylar fractured segment, was due to contraction of masticatory
muscles. In condylar fractures, lateral pterygoid muscles are respon-
sible of condylar head horizontal displacement. Masseteric con-
traction results in telescopic overriding of mandibular ramus over
the condylar process, resulting in premature contact of the terminal
molars.22,28

The contractile forces, produced by masticatory muscles, lim-
ited the reduction of the fracture, the alignment of bone segments,
and could make difficult the fixation.

Kim et al observed and described that an adequate DNB
improves surgical procedure. The authors emphasized that operat-
ing conditions, for several surgical procedures, are improved when
DNB was provided. In the study, DNB with Rocuronium improved
conditions for short duration laryngeal microsurgery.20,29–33

Also in the study the results seem to be in agreement with
previous reports, showing that the use of DNB during surgery
provides better surgical condition.34–38

In the study were evaluated the advantages of neuromuscular
block during endoscopic surgery for subcondylar fractures. DNB
with Rocuronium reduced significantly the duration of surgery and
this result could be explained by the reduction of the resistance of
mouth’s muscles during the surgical procedure. Even the difficulty

in exposing fracture was reduced, this was very important to a better
visualization of subcondylar region field. Mouth’s opening was
facilitated using a deep neuromuscular blockade. In conclusion,
DNB seems to improve the surgical conditions in patients
undergoing subcondylar endoscopic assisted transoral surgery
and nowadays based on these preliminary results was decided to
use DNB with Rocuronium in all the patients affected by
subcondylar fractures.

In conclusion, a great effort is being made to obtain the best
approach to this type of fractures that are difficult to manage.
Looking at the future prospectives of this study, it is needs to
standardize the pharmacological protocol, according with the
anesthesiologists, to perform a multicentric prospective study
and to confirm these preliminary results.
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