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Introduction

For corrections of dentofacial deformities of mandibular ori-
gin, the sagittal osteotomy of the mandibular ramus is the most
recommended technique. However, in some specific situations,
the intraoral inverted ‘L’ osteotomy may be a good option.

The extraoral inverted ‘L’ osteotomy is well described in the
literature, but it can leave a cutaneous scar, which is undesir-
able for the patient. It is, therefore, a technique often forgotten
by professionals.

Some factors should be analyzed when choosing the tech-
nique to be used in the correction of mandibular deformities,
like the versatility of the technique and absence of neurosenso-
ry changes. The technique should also allow the use of rigid in-
ternal fixation, offer surgical stability, and be easy to perform.
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Abstract

In corrections of dentofacial deformities where the man-
dible is the problem, the inverted ‘L’ osteotomy may be a
good option in specific cases, such as large mandibular ad-
vancements, condylar alterations, reoperations of the man-
dible, to increase the posterior facial height, among other
situations. This technique was not much-used because the
procedure used to be performed extraorally, leaving unde-
sirable scars. We will describe the use of the technique via
intraoral access, with allogeneic grafts and use of rigid inter-
nal fixation, exemplifying with some clinical cases.

Bilateral Sagittal Osteotomy of the Ramus (BSOR) is the most
used technique due to its versatility and ease of fixation. How-
ever, there is a considerable risk of injury to the inferior alveolar
nerve during the surgical procedure, in addition to the possibil-
ity of unfavorable fracture of the segments, change in the posi-
tion of the mandibular condyles, especially torque, when using
rigid fixation, and there is a discussion about the changes in the
mandibular condyles during rotation movements of the maxil-
lomandibular complex, suggesting that these movements could
accelerate condylar resorption.

Such technique is recommended for some specific situations,
e.g., reintervention after orthognatic surgery; large mandibular
advancements (over 10 mm); mandibular asymmetries; cor-
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rections of the occlusal plane, especially in large counterclock-
wise rotations, which is considered a very unstable movement;
patients with morphological changes in the condyles or with
evident condylar resorption; treatment of ankylosis sequelae;
hemifacial microsomia; condyles with degenerative diseases;
mandibular advancements in patients with masseteric hyper-
trophy, because such mandibles usually have almost no bone
marrow, which makes the segment separation unpredictable;
cases of open bite where the option of closing is through the
mandible and where the recurrence rate remains low due to
the use of bone grafts and rigid internal fixation. The intraoral
inverted ‘L’ osteotomy (ILO) may be an alternative in these situ-
ations.

In this work, we will describe how we performed the in-
traoral inverted ‘L’ osteotomy in a series of clinical cases. We
will demonstrate the versatility the technique, describing the
sequence for its execution and comparing it with the findings
in the literature.

Literature review

Since its introduction as an option for correction of severe
mandibular hypoplasia, the inverted ‘L’ osteotomy has not been
the first choice for mandibular osteotomies, mainly due to the
need for skin incisions, which may cause patient resistance.
The technique was restricted to cases of greater severity where
its application was essential, as in cases of ankylosis sequelae,
hemifacial microsomia, and large mandibular advancements.

However, with the development of the technique via intraoral
access and the possibility of rigid fixation of the segments, the
inverted ‘L' osteotomy has been increasingly recommended.
The inverted ‘L’ osteotomy has some benefits compared to the
sagittal osteotomy of the ramus [1], such as: improvement in
ramus contour and mandibular angle, in patients with condylar
changes; in planning that requires large counterclockwise rota-
tions, making it difficult to perform the sagittal osteotomy, and
greater projection of the lower facial third to improve aesthet-
ics; when condylar stability is considered, especially in patients
with degenerative joint disease or juvenile rheumatoid arthritis;
to avoid torque in the mandibular condyles, preserving condy-
lar function. The authors also point out that, with virtual plan-
ning, it is possible to position osteotomies in such a way as to
facilitate the use of rigid fixation and accurately dimension the
size and shape of the graft to be applied, greatly facilitating ad-
aptation. In this study, not all cases had virtual planning, but we
believe that its use facilitates the determination of the site and
design of the osteotomy, the previous modeling of the graft and
miniplates, and the choice of screws.

The inverted ‘L' osteotomy [2] is indicated in the manage-
ment of patients with the bird-face deformity of a severe class Il
malocclusion, high Frankfort—-mandibular plane angle, and sig-
nificant retrogenia, often associated with diminutive condyles
and reduced posterior face height. The degree of mandibular
advancement required and the potential for relapse is of great-
est concern in these patients. The use of the sagittal technique
is limited in these cases. We can also observe in these cases
that there is greater stretching of the inferior alveolar nerve,
contributing to paresthesia; there is poor contact of the bone
stumps, even if extending the most anterior sagittal osteoto-
my; and there is no significant increase in the posterior facial
height, because, in the sagittal osteotomy, a step that can make
rigid fixation difficult is formed. When using an inverted ‘L’ os-
teotomy and placing grafts that collaborate for greater segment

stability, there is a lower probability of relapse.

A study [3] investigated neurosensory disturbances in the
lower lip and chin area in 21 patients who had undergone in-
traoral inverted ‘L’ osteotomy and 45 patients who had under-
gone sagittal osteotomy of the ramus. Through testing with
electrical stimulation, the authors concluded that the inverted
‘L’ osteotomy offers less chance of injury to the inferior alveolar
nerve when compared to the sagittal osteotomy. The authors
also presented some advantages of the inverted ‘L’ osteotomy,
namely: the posterior facial height is increased after mandibu-
lar repositioning; the condyle heads of the mandible are led
automatically to a position where the masticatory muscles can
retain their balance; and the period of intermaxillary fixation
decreases considerably due to the possibility of fixing the seg-
ments. The highlight point observed in our sample was the pas-
sivity of the proximal segment in relation to the distal segment
when maxillomandibular fixation was performed; the gap is
formed very passively by muscular action. As for the postopera-
tive fixation time, we recommended at least 2 weeks for fibrous
tissue to collaborate in the stability of the osteotomies.

In a study [4] with 12 patients who underwent counterclock-
wise rotation of the mandible for correcting anterior open bite
through modified inverted ‘L’ osteotomy, results showed good
long-term stability. The authors concluded that, when the max-
illa is well positioned, correcting anterior open bite with man-
dibular counterclockwise rotation is a good option. Inverted ‘I’
osteotomy and bone grafting can increase stability and decrease
the chances of relapse.

Other authors [5] described a technique very similar to the
one we used in our study. They point out that for the rigid fixa-
tion of the segments, the condylar segment is seated centrally
in the fossa using gentle upward pressure from the area of the
horizontal cut, the iliac crest bone graft is placed, and with a
four-hole ‘L’ miniplate they perform the fixation of the segment.
The authors used the inverted ‘L' osteotomy in patients with
hemifacial microsomia, condylar hypoplasia, temporomandibu-
lar joint ankylosis, and first and second branch arch syndrome.

There is no perfect technique; one must use good judgment
in choosing the technique for each case, considering the anat-
omy of the mandibular ramus. In some authors’ experience [6],
mandibular rami associated with masseter hypertrophy show
a large anteroposterior dimension and high density (almost no
medullary bone), which increases the chances of undesirable
fractures. In these cases, the inverted ‘L’ osteotomy is a good
option. The authors suggest this technique be used when the
mandible requires more than 12 mm of advancement. Also, in
cases of reoperation, because the ramus probably suffered ana-
tomical changes that may hamper the sagittal osteotomy.

The inverted ‘L’ osteotomy is also indicated for correction of
masseter hypertrophy, as shown by a study [7] that obtained
satisfactory results in a sample of 15 patients.

As for the use of rigid fixation, there is no consensus on the
best miniplate format, but bicortical screws are recommended.
Virtual planning helps in the decision process, considering that
each case will require different miniplates and screws due to
the different anatomy of each patient and the extent and type
of movement to be performed.

Among the difficulties observed in performing the technique
via intraoral access are: positioning and maintenance during
the application of rigid fixation in the condylar (proximal) seg-
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ment; and the difficulty in positioning and fixing the bone graft.
The surgeon should have mastery of the use of the trocar, and
the manipulation of the segments will depend on the learning
curve.

The difficulty in fixing the segments [8] is a limitation for the
popularization of the inverted ‘L’ technique, as there is a need
for intermaxillary fixation for 4 to 6 weeks and difficulty in po-
sitioning the proximal segment. To control this problem, some
authors suggest the use of a miniplate that anchors the proxi-
mal segment to the zygomatic buttress to stabilize the proximal
segment and then complete the inverted ‘L’ osteotomy. With
this maneuver, it is possible to keep the proximal segment in
position and then perform the fixation of the inverted ‘L’ with
miniplates and screws. In the cases performed in this study, we
did not see the need to fix the proximal segment because, unin-
tentionally, the segment remained in position, allowing fixation
of the segments; however, this is a valuable resource to facili-
tate the application of rigid fixation.

Neurosensory changes caused by the sagittal osteotomy of
the ramus make the inverted ‘L’ osteotomy a good option [9],
especially in older patients who will undergo orthognathic sur-
gery [10]. We agree with this fact, since the number of patients
over 40 years of age who are candidates for orthognathic sur-
gery has increased. Considering that the recovery of the infe-
rior alveolar nerve is inversely proportional to the age of the
patient, the inverted ‘L’ osteotomy is a good choice in this seg-
ment of patients.

Description of the technique

The intraoral inverted ‘L' osteotomy is applied both alone
and in maxillomandibular surgeries, in normal or inverted se-
quence (i.e., starting from the mandible). In this sample of 10
cases, eight patients underwent bimaxillary surgery starting
from the mandible and two patients underwent isolated man-
dibular surgery. The intraoral access is made very similar to that
made for the sagittal osteotomy, but extending about 1 cm to-
wards the mandibular ramus. This facilitates the identification
of the sigmoid notch and the placement of Bauer and Lavoisier
retractors. After displacing the periosteum also in the lingual

region to identify the lingula, and using a reciprocating saw, we
start the horizontal osteotomy about 5 mm above the lingula,
leaving about 5 to 7 mm below the posterior border of the man-
dibular ramus, and reaching vestibular cortical bone. With an
oscillatory saw, we start the vertical ostetomy from the end of
the horizontal osteotomy to the region of the mandibular angle.
After separating the proximal and distal segments, we place the
intermediate guide and perform the maxillomandibular fixation.
At the same moment, the gap between the segments is formed
without the need to manipulate the distal segment. Depending
on the extent of the mandibular movement, the gap will be larg-
er or smaller, but in all patients we use allogeneic bone grafts
(tibial cortical bone of the INTO (Instituto Nacional de Trauma
e Ortopedia - Rio de Janeiro) bone bank). To fill the space, our
choice is the region of the horizontal osteotomy, because this
region offers the best view to adapt the graft. Once the graft
is adapted, we model a miniplate, normally curved, with 6 to
8 holes, starting from the stump of the coronoid apophysis to
the retromolar region. Using the trocar previously installed,
we make the first perforation in the proximal segment (slightly
pulling the segment, using a long Kely clamp, to facilitate the
placement of at least two screws), hold the proximal segment
by the miniplate, and fix the graft on the miniplate. When pos-
sible, we put two screws on the graft. Next, we manipulate the
proximal segment to passive position in the mandibular fossa.
Then, we fix the screws to the distal segment (two screws). The
same procedure is performed on the contralateral side. Then,
we release the maxillomandibular fixation to check the position
of the mandible, joined together with the maxilla by the surgical
guide, and suture with Vicryl 4-0. We recommend a period of
intermaxillary fixation of 2 weeks. After this period, we recom-
mend the continuous use of rubber bands for 30 days, removing
them to eat (pasty food only) and perform oral hygiene, and
gradually reduce the use of the bands in up to 60 days.

Cases reports

Ten patients underwent intraoral inverted ‘L' osteotomy,
from 2010 to 2016. Four patients were female and six were
male. Patients’ ages at the time of surgery, clinical indications,
movements performed, follow-up, and relapses are shown in
Table 1.

Table 1: Patients, age, type of deformity, type of movement performed, and outcomes.

— Follow-
Age Indication Movement up Outcome
Facial asymmetry with condylar
Case 1l 22 Y y . v Right side descended 8mm in the inverted ‘I’ 4 years Stable
changes on the right side
. . . Slight
Reop. of a SOMR, with morphological Mx advanced 6 mm, posterior descended 5 mm .
Case 2 39 5 years change in
changes of condyles Md advanced 12 mm .
occlusion
X . Md advanced 7 mm, anterior ascended 5 mm, chin
Case 3 19 Anterior open bite 3 years Stable
advanced 8 mm
i . . X Mx advanced 5 mm Posterior descended 4 mm Md Slight
Maxillary retrusion with shortening of X . .
Case 4 42 k K X advanced 10 mm, posterior descended 10 mm, chin 3 years relapse in
the posterior facial height .
advanced 7 mm occlusion
Morphological changes of condyles Slight
P & . g X Y R Mx descended 6 mm and advanced 8 mm, md advanced & .
Case 5 38 and shortening of the posterior facial X 3 years relapse in
. 15 mm Chin advanced 10 mm .
height occlusion
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Bimaxillary advancement for treatment Mx advanced 11 mm, posterior descended 3 mm
Case 6 36 . 3 years Stable
of obstructive sleep apnea syndrome Md advanced 16 mm
Sequelae of bilateral ankylosis, with
q i .y . Mx advanced 4mm Posterior descended 3mm
Case 7 25 shortening of the posterior facial ] 5 years Stable
. Md advanced 11 mm, chin advanced 10 mm
height
Bimaxillary advancement for treatment Mx descended 4 mm posteriorly and advanced 12 mm,
Case 8 37 . . 3 years Stable
of obstructive sleep apnea syndrome md advanced 13 mm, chin advanced 6 mm
Case 9 19 Anterior open bite Md advanced 8 mm, chin retracted 4 mm 4 years Stable
Mx descended 5 mm anteriorly, advanced 9 mm, roll cor-
Case 10 25 Facial asymmetry rection, md, left side advanced 9 mm and right side 3 mm, 4 years Stable
mentoplasty

All patients are from the private clinic and signed the free
and informed consent form, which includes authorization to
use the images. Documents are signed by patients. Being grant-
ed exemption by the institutional review committee.

As we can see in this sample, the inverted ‘L’ technique has
great versatility, since it was used in asymmetries, ankylosis,
condylar alterations, reoperations, and to correct obstructive
sleep apnea syndrome and open bite. The absence of torque
in the mandibular condyles is a benefit of the technique. This
reduces the possibility of condylar resorption, giving more pas-
sivity to the temporomandibular joint.

None of the patients in the sample had complaints in the
region of the temporomandibular joint or reported any sensory
changes in the inferior alveolar nerve.

We had no difficulties in performing intraoral access in the
inverted ‘L’ osteotomy. However, we had some difficulty (learn-
ing curve) in installing the trocar to perform the rigid fixation of
the segments and of the graft. In the first three cases, we did
not make any movements with the proximal segment, we just
clamped the miniplate and the segment with a Kelly clamp to
place the screws, which were difficult to visualize and insert.
From then on, we started to model the graft with the proxi-
mal segment passive and the distal segment in position with
the maxillomandibular fixation. After modeling the miniplate,
we started to pull the proximal segment, facilitating the visu-
alization of the coronoid process and the fixation of the screws
to this segment and to the graft. Then, through the fixed mini-
plate, we positioned the proximal segment and fixed the screws
to the distal segment more easily.

The grafts used in all cases, i.e., tibial cortical bone segments,
were homologous grafts (bone bank). The choice of this graft
was due to its rigidity, which favors stability with screws at the
time of fixation, and to the amount needed to fill the gap and
assist in stability, in addition to the lower morbidity compared
with autologous grafts.

The following cases exemplify the application of the tech-
nique. The first case was an OSAS (obstructive sleep apnea syn-
drome) patient using CPAP and undergoing orthodontic treat-
ment (Figures 1a & 1b). In planning, we observed the need for
maxillomandibular advancement and chin advancement. The
result was a 21-mm pogonion advancement and a 17-mm man-
dibular advancement. We performed graft modeling for adap-
tation in the formed gaps (Figure 2), giving good stability to the
mandible with rigid fixation (Figure 3a), as shown in the final
radiographs and in the patient’s facial and occlusal aspects (Fig-
ure 3b).

Case 6 of table 1

Figure 2: (a) Initial peripheral accelerator and panoramic.
(B) Graft adapted to place in the osteotomy gap.
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changes in condyle placement or symptoms were observed or
reported after surgery, as seen in Figure 6a (face and occlusion),
and in Figure 6b (postoperative radiographs).

Case 7 of table 1

Figure 3a: Postoperative radiographs (mandibular PA, profile
teleradiography and panoramic) final radiographs.

Figure 4a: Photographs of patient with sequelae from ankylosis
treatment (front view, profile and smiling).

Figure 3b: Post-operative photographs of the face (frontal, pro-
file and smiling); photographs of the final occlusion (right, front
and left view).

The second case was a patient who underwent surgery for
bilateral ankylosis at 7 years of age and had hypodevelopment
of the mandible as a sequel (Figure 4a). Figure 4b shows the ini-
tial radiographs. We waited for the patient to start orthodontic
treatment and scheduled the inverted 'L’ osteotomy. Specifical-
ly in this case, we removed the coronoid process on both sides.
Figure 5 shows the gap formed in the osteotomy when placing
the mandible on the surgical guide. The objective was to give
more mobility to the segment and improve mouth opening.

The positioning of the mandibular condyle is an important
issue. In this sample of cases, we adopted movements of posi-
tioning the condyles with passivity, that is, using a long curved
Kelly clamp, we slightly moved the proximal segment anteriorly
and inferiorly to facilitate the placement of the screws in the
coronoid process. Then, through the fixed miniplate, we pas-
sively manipulated this segment to the mandibular fossa and Figure 4b: Initial radiographs (profile and panoramic teleradiog-
fixed the miniplate to the stump of the distal segment. No raphy.
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Case 2 of table 1

Figure 5: Transoperative (exposure of the mandibular branch,

horizontal. Figure 7a: Initial photos of face (right profile, frontal left profile)

and preoperative occlusion (right lateral, frontal, left lateral).

Osteotomy, osteotomy for removal of the coronoid process,
vertical osteotomy, the gap formed by the repositioning of the
distal segment, the application of the graft and rigid fixation.

Figure 7b: Preoperative radiographs (profile teleradiography,
mandibular PA and panoramic).

&

Figure 6: (a) Final photographs of the face (front view, profile
and smiling) and photo of the occlusion (right side, front, left
side). (b) Postoperative radiographs.

The third case was a patient who had already undergone
orthognathic surgery of the maxilla and mandible (Figure 7a),
but still had retrusion of the mandible and asymmetry on the
left side, where we observed condylar alteration (Figure 7b).
The patient, who is a wind instrument musician, said that he
would not like to have his lip sensitivity altered again because
this would impair his work. We performed the inverted ‘L os-
teotomy to avoid sensory changes and avoid tension in the con-
dylar region, which could worsen the condition (Fig. 8). So far, Figure 8a: The gap generated by the occlusion of the distal seg-
i.e., 5 years of follow-up, there has been no significant change ment and fixation of the graft and stumps of the osteotomy (right
in the result, both in facial and occlusal aspects (Figure 9a) and side).
in radiographic follow-up (Figure 9b).
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Figure 8b: The gap generated by the occlusion of the distal seg-
ment and fixation of the graft and stumps of the osteotomy (left

side).

Figure 9a: Photographs of the postoperative face (right, front
and left profile view) and photographs of the final occlusion (right,

front and left side view).

Figure 9b: Postoperative radiographs (profile and panoramic
teleradiography).

Conclusion

The inverted ‘L' osteotomy is a well-known technique, but
the extraoral access limits its use. The aim of this article was
to demonstrate the versatility of this type of osteotomy in dif-
ferent situations that occur in clinical practice. This technique
is another tool that can be used in specific cases. The surgeon
should have a certain amount of experience regarding the han-
dling of the trocar, the positioning of the graft in the gap, and
the use of rigid internal fixation. We believe that the advent
of virtual planning, the manufacture of surgical guides that fa-
cilitate osteotomies, the modeling of grafts, and rigid fixation
techniques can contribute to the popularization and evolution
of the intraoral technique in the inverted ‘L’ osteotomy.
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