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Abstract. The aim of this systematic review was to describe the anatomical and
surgical factors related to cranial nerve injuries in Le Fort I osteotomy. The protocol
of this systematic review was registered in the International Prospective Register of
Systematic Reviews (PROSPERO). Two independent reviewers performed an
unrestricted electronic database search in the MEDLINE/PubMed, LILACS,
Scopus, Web of Science, and Cochrane databases up to and including August 2018.
Thirty-two articles were selected for data extraction and synthesis: 30 studies were
identified in the main search and two by a manual search. The level of agreement
between the reviewers was considered excellent (k = 0.779 for study selection and
K = 0.767 for study eligibility). This study revealed that the main nerve affected was
the trigeminal nerve, followed by the oculomotor, abducens, optic, facial, and vagus
and accessory nerves. Cleft lip and palate patients presented the highest incidence of
cranial nerve damage. Cranial nerve damage after Le Fort I osteotomy is not rare.
Anatomical and structural knowledge of the patient are necessary in order to
minimize the risks of cranial nerve injury in Le Fort I osteotomy.
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The Le Fort I osteotomy is a technique
used for the correction of skeletal defor-
mities and is mainly indicated for the
correction of class II and III malocclu-
sions, hypoplasia of the middle third of the
face, and vertical excess of the face'”.
This surgical technique involves horizon-
tal osteotomy of the maxilla, followed or
not by segmentation'. Thus, anterior—
posterior repositioning', bone rotation,
or intrusion can be performed, providing
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aesthetic and functional benefits, such as
improvements in masticatory function?,
phonation® and breathing”, and in some
cases, a reduction of the painful symptom-
atology of temporomandibular disorders’.
Pterygomaxillary disjunction is a surgical
procedure used during the Le Fort I osteot-
omy and can lead to several intra- and
extracranial problems®’. Therefore, many
unfavourable factors are reported in the
literature, with most of them related to

inﬂammatory4, vascular®, and nervous
system’ complications. As a result, differ-
ent surgical techniques have been devel-
oped and used to reduce the complications
and injuries to the patients®.

Nerve injuries are not rare’ and may
occur from hours to days after Le Fort I
osteotomy”*'*~'?. These include a decrease
in sensitivity in the surgical area'” and in
more serious cases, amaurosis'?. The
functional recovery time can vary from
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days to months'*"'*. Some studies have
shown that 50% of orthognathic surgeries
lead to nerve injuries or alterations in
sensitivity and that these can occur during
surgical manoeuvres or as postoperative
complications'”. According to Seddon'®,
these injuries can be classified into three
types: neurapraxia, axonotmesis, and neu-
rotmesis. The damage related to neura-
praxia and axonotmesis shows a better
prognosis, while in neurotmesis, total
nerve rupture leads to findings of no clini-
cal recovery' "'%.

Knowledge of the anatomy is important
to increase the safety and reduce the post-
operative complications of Le Fort I
osteotomy. Therefore, the aim of this
study was to conduct a systematic review
to describe the anatomical and surgical
factors related to cranial nerve injury in
Le Fort I osteotomy.

Methods

This review was conducted in agreement
with the Preferred Reporting Items for
Systematic Reviews and Meta-analyses
(PRISMA) guidelines'’ and was regis-
tered in the International Prospective Reg-
ister of Systematic Reviews (PROSPERO;
CRD42018096714). The focused question
based on the PICO strategy (participants,
interventions, controls, and outcomes)
was: ““Which cranial nerve injuries are
related to the Le Fort I osteotomy?”’

Search strategy

For the main search, a bibliographic
search was performed by two independent
researchers in five medical databases:
PubMed, LILACS, Scopus, Web of Sci-
ence, and Cochrane Library. The search
covered the period from database incep-
tion to August 2018. The search strategy
was composed of the following medical
subject headings (MeSH): ‘‘Le Fort
Osteotomy’” AND ‘‘Cranial Nerve Inju-
ries” OR ‘‘Le Fort osteotomy’” AND
““Cranial Nerves’’” OR ‘‘Maxillary Sur-
gery’” AND “‘Cranial Nerve Injuries’’
OR “‘Maxillary Surgery’> AND *‘Cranial
Nerves’> OR “‘Orthognathic Surgery’’
AND “‘Cranial Nerve Injuries’ OR
“‘Orthognathic Surgery’” AND ‘‘Cranial
Nerves’” OR “‘Le Fort osteotomy’” AND
““Olfactory Nerve’” OR “‘Le Fort osteot-
omy’’ AND “‘Optic Nerve’” OR “‘Le Fort
osteotomy’” AND ‘‘Oculomotor Nerve’’
OR “‘Le Fort osteotomy’” AND *‘Troch-
lear Nerve”” OR ‘‘Le Fort osteotomy’’
AND “‘Trigeminal Nerve’” OR “‘Le Fort
osteotomy’” AND ‘‘Abducens Nerve’’
OR “‘Le Fort osteotomy’” AND ‘‘Facial

Nerve’” OR “‘Le Fort osteotomy’ AND
““Vestibulocochlear Nerve’” OR “‘Le Fort
osteotomy’> AND ‘‘Glossopharyngeal
Nerve’” OR ‘‘Le Fort osteotomy’ AND
“Vagus Nerve’” OR ‘“‘Le Fort osteot-
omy’> AND ‘‘Accessory Nerve’” OR
“‘Le Fort osteotomy’” AND “Hypoglossal
Nerve’” OR (‘‘complications’’ [Subhead-
ing]) AND ‘‘Orthognathic Surgery’’.

After the main search, the reference lists
of all articles selected were checked
through a manual search to identify any
additional relevant papers for this system-
atic review.

Study selection

Titles and abstracts were identified after
the completion of the database searches.
Duplicate studies were excluded, and two
independent reviewers (BWFA, JMSA)
examined all abstracts for inclusion. A
third reviewer (DVG) was available to
assist in resolving cases of disagreement
and full texts were obtained when neces-
sary. The level of agreement between the
two reviewers (BWFA, IMSA) was eval-
uated using the kappa statistic (K).

Eligibility criteria

Observational studies involving individu-
als submitted to Le Fort I osteotomy,
without sex or age restriction, and that
reported signs and symptoms associated
with cranial nerve injuries were consid-
ered eligible for this systematic review.
There was no restriction on publication
date. Only articles published in the En-
glish language were selected for this
study. Studies on nerve injuries caused
by other surgical procedures and literature
reviews were not considered for this sys-
tematic review.

Data extraction

The data from each study were extracted
and recorded independently by each of the
two review authors (BWFA, IMSA). Any
discrepancies were resolved through dis-
cussion or with the involvement of a third
reviewer (DVG).

Analysis of cranial nerve injury

After reading each article, the following
data were extracted: the nerve injury,
study design, recovery time, patient’s
age, signs and symptoms present during
the postoperative period related to the
nerve injury, nerve branch affected (if
necessary), the follow-up, and any comor-
bidities.

Analysis of the association between
intraoperative complications and cranial
nerve injuries

The association between intraoperative
complications and cranial nerve injuries
in Le Fort I osteotomy was analyzed. The
study articles were read and the following
data were extracted: the nerve injury, the
intraoperative complications, the comple-
mentary surgery management, the nerve
injury management, and the postoperative
supplementary procedures.

Analysis of methodological quality

The evaluation of the methodological
quality of the selected studies was per-
formed using a risk of bias scale, as used in
previous systematic reviews>’>'. The cri-
teria analyzed were: (1) randomization or
consecutive patients in a prospective
study, (2) comparison between treatments,
(3) blind assessment, (4) validation of
measurements, (5) statistical analysis,
(6) defined inclusion and exclusion crite-
ria, and (7) report of follow-up. The risk of
bias was considered low if all items were
present, medium if five or six items were
present, and high in the presence of four or
fewer items.

Results

A flowchart describing the steps of the
search strategy to the final inclusion of
articles in this systematic review is pre-
sented in Fig. 1.

Search strategy

Initially, 8762 articles were identified in
the database search (PubMed, n=1516;
LILACS, n=1479; Scopus, n=4822;
Web of Science, n=2835; Cochrane,
n=110). After the removal of duplicates,
3144 articles remained for the study se-
lection stage. After the selection of eligi-
ble papers identified by the main search, a
manual search of the reference lists of
these studies was conducted, resulting in
the inclusion of an additional two articles
in this systematic review.

Study selection and eligibility

The titles and abstracts of the 375 selected
studies were read by two reviewers
(BWFA; JMSA); the inter-rater agreement
coefficient (k) was equal to 0.779. Thirty-
two of these studies were chosen for full-
text reading; 30 articles were selected
through the main search and two through
the manual search. Whenever the two
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“Le Fort Osteotomy” AND “Cranial Nerve Injuries” OR “Le Fort osteotomy” AND "Cranial
Nerves" OR “Maxillary Surgery” AND “Cranial Nerve Injuries” OR “Maxillary Surgery”
AND "Cranial Nerves" OR “Orthognathic Surgery” AND “Cranial Nerve Injuries” OR
“Orthognathic Surgery” AND "Cranial Nerves" OR “Le Fort osteotomy” AND “Olfactory
Nerve” OR “Le Fort osteotomy” AND “Optic Nerve” OR “Le Fort osteotomy” AND
“Oculomotor Nerve” OR “Le Fort osteotomy” AND “Trochlear Nerve” OR “Le Fort
osteotomy” AND “Trigeminal Nerve” OR “Le Fort osteotomy” AND “Abducens Nerve” OR
“Le Fort osteotomy” AND “Facial Nerve” OR “Le Fort osteotomy” AND “Vestibulocochlear
Nerve” OR “Le Fort osteotomy” AND “Glossopharyngeal Nerve” OR “Le Fort osteotomy”™
AND “Vagus Nerve” OR “Le Fort osteotomy” AND “Accessory Nerve” OR “Le Fort
osteotomy” AND “Hypoglossal Nerve” OR ("complications” [Subheading]) AND
"Orthognathic Surgery".
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Fig. 1. PRISMA flowchart of the electronic search.

authors differed as to the selection of a
paper, the disagreement was resolved by
choosing the broadest possible study. The
level of agreement between the two
authors in selecting studies to be read in
full was measured at K =0.767.

Description of the results of the studies

Analysis of cranial nerve injury

The general information of each study and
the cranial nerve injuries during Le Fort I
osteotomy are presented in Table 1. The
year of publication of the studies selected
for the systematic review ranged from
1984 to 2018. Eight studies reported inju-
ries to the optic nerve, 12 to the oculomo-
tor nerve, 15 to the trigeminal nerve, 11 to
the abducens nerve, four to the facial
nerve, and one to the vagus and accessory
nerves. Of the 32 articles included, 20
were case reports or case series, one
was a cross-sectional study, one was a
retrospective study, and 10 were prospec-
tive studies. The patients ranged in age
from 11 to 88 years and the follow-up
ranged from 5 days to 37 months.

Analysis of the association between
intraoperative complications and cranial
nerve injuries

The association between intraoperative
complications and cranial nerve injuries
in Le Fort I osteotomy is presented in

Table 2. Most of the Le Fort I osteotomies
were uneventful and did not require intra-
operative complementary management.

Analysis of methodological quality

The quality assessment of the included
studies is provided in the Supplementary
Material. The risk of bias in the included
articles (K = 0.796) was classified as me-
dium for three studies and high for 29
studies.

Discussion

The Le Fort I osteotomy is a technique
based on two principles: pterygomaxillary
disjunction and down-fracture, which
allows mobility of the maxilla and is
associated with vascular and nervous com-
plications in the intraoperative and post-
operative period'***. This systematic
review shows cranial nerve damage corre-
lated to the use of this technique.

The trigeminal nerve was the most af-
fected in Le Fort I osteotomy, followed by
the oculomotor, abducens, optic, facial,
and vagus and accessory nerves. It was
interesting to note that damage associated
with the second division of the trigeminal
nerve has been poorly reported in the
literature” *°. Tt is considered that this
fact is related to the expected injury in
Le Fort I osteotomy.

The most common symptom associated
with the Le Fort I osteotomy was maxil-

lary hypoesthesia due to injury to the
superior alveolar, greater palatine, naso-
palatine, and infraorbital
nerves’!0-!1-222326.30736 It g pelieved
that the highest prevalence shown for
trigeminal nerve injuries is due to the
use of the retractor and the mucosal inci-
sion needed for the surgical approach,
which can frequently lead to nerve dam-
age. Dental, mucosal, and facial sensory
disturbances generally return to normal
function within 3 months after the Le Fort
I osteotomy®. However, some studies
have shown an incomplete recovery after
6 months®*3'7.

The most common injury associated
with the oculomotor and abducens nerves
was ophthalmoplegia7’]°’]1’]4’22’32’33’38.
The abducens nerve innervates the lateral
rectus muscle and damage to this nerve
blocks the lateral movement of the eye-
ball. The oculomotor nerve is divided into
two branches: the first division innervates
the superior rectus and levator palpebrae
superioris muscles, and the second divi-
sion innervates the medial rectus, inferior
rectus, and oblique muscles'' and the
pupillary smooth muscles with its para-
sympathetic fibres from the Edinger—
Westphal nucleus and the dilator pupillae
with its sympathetic fibres from the inter-
nal carotid plexus'; this explains the eye
muscle paresis®'*® and the mydria-
sis'*?>%?_ Pupil-sparing oculomotor pal-
sy’® occurs when only the superior
division is disturbed'?, although it has



Table 1. General information and cranial nerve injuries related to Le Fort I osteotomy.

Onset of signs and

Study  Recovery Age symptoms
Author, year design time (years) postoperative Nerve branch Signs and symptoms Follow-up Comorbidity type
Optic nerve (II)
Sirikumara and CR Partial recovery 24 1 day Non-consensual light reflex 18 months Asthma
Sugar, 1990
Lani%gm et al., CRs Case 1: 5 days 33 1 day Amaurosis fugax 5 days Facial pain, TMD
1993
Case 3: Partial recovery 17 1 day No light perception; 6 weeks ND
amaurosis
Lo et al., 2002%* CRs Case 1: No recovery 11 1 day Amaurosis and non- 37 months CLP
consensual light reflex
Case 2: No recovery 11 2 days Amaurosis 26 months ND
Cruz and Dos Santos, CR ND 22 1 week? Amaurosis ND ND
2006
Kim et al., 2011’ CR 6 months 19 1 day Amaurosis fugax 1 year CLP
Chrcanovic and CR No recovery 28 1 day Amaurosis 28 months None
Custédio, 2011'*
Mathf]w et al., CRs Case 1: Complete recovery 19 2 days Amaurosis fugax Several months Bilateral CLP
2015
Case 2: No recovery 22 1 day Amaurosis 1 month Unilateral CLP
Rodriguez-Navarro CR No recovery 41 1 day Amaurosis ND None
and Gonzalez-
Valverde, 2018%
Oculomotor nerve
(1)
Carr and Gilbert, CR 8 weeks 17 1 day 1%t and 2™ Blepharoptosis, strabismus, 8 weeks CLP
1986" division and anisocoria
Lanigan and CR 10 months 23 4 months® ND ND 9 months ND
Tubman, 1987°%
Lanigan et al., CRs Case 1: 5 days 33 1 day 1%t and 2™ Blepharoptosis, mydriasis 5 days Facial pain, TMD
1993 division
Case 3: Partial recovery 17 1 day 2" division Reduction of the pupillary 6 weeks ND
response
Herolg and Falworth, CR 6 weeks 35 2 days 1% division Blepharoptosis 6 weeks None
1996°
Lo et al., 2002% CRs Case 1: ND 11 2 days 2" division No pupillary light reflex 37 months CLP
Case 2: ND 11 1 day 2" division Anisocoria 26 months CLP
Newlands et al., CR 1 week 33 1 day 1** division Blepharoptosis and ND ND
2004* ophthalmoplegia
Cruz ﬁ)nd Dos Santos, CR ND 22 1 week” 1** division Eyelid paralysis ND ND
2006
Kim et al., 20117 CR 2 months 19 1 day 1** division Blepharoptosis 1 year CLP
Chrcanovic and CR 5 days 28 2 days 1% and 2 Blepharoptosis and 28 months None
Custodio, 2011'* division mydriasis
Sirikumara and CR Partial recovery 24 1 day 2" division Mydriasis and non- 18 months Asthma
Sugar, 1990°2 consensual light reflex
Brookes et al., CRs Case 2: 1 day 20 1 day 2" division Mydriasis ND None

2015%°
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Mathew et al.,
2015

Trigeminal nerve (V)
De Jongh et al.,
1986”7

Lanigan et al.,
1993”7

Posnick et al., 1994%*

Rosenberg and
Sailer, 19947

Al-Din et al., 1996°!

Schultze-Mosgau
et al., 2001"3
Harada et al., 20043

Chuah and Mehra,
2005%

Ueki et al., 2007°
Ueki et al., 2008%°
Thygesen et al.,
2009%

Park et al., 2011°°
Kim et al., 2011’
Kang et al., 2014
Moran et al., 2018%¢

Abducens nerve (VI)
Watts, 1984'°
Lanigan and
Tubman, 1987°%
Reiner and
Willoughby, 1988°°
Lo et al., 2002**
Newlands et al.,
2004*%

CRs

CSS

CRs

PS

PS

PS

PS

PS

CR
PS
PS
PS

CR
CRs

CR
CR

CR

CR
CR

Case 3: 2.5 weeks
Case 4: 2 days
Case 1: ND

Case 2: ND

6—54 months
Case 6: Partial recovery

Group 1: Partial recovery
Group 2: Partial recovery
Group 3: Partial recovery
ION: 3 months

GPN and PSAN: Partial recovery

SAN and GPN: Partial recovery

12 months

3 months

87 days

1 year
1 year
12 months

6—12 months
2 months
Case 1: ND
ND

7 weeks
10 months

5 months

Case 1: ND
10 weeks

31
19

22

2513
24.9°

18°

29

23.6°
24.3°
25°

30°
19
18
24°

18
23

88

11
11

1 day
1 day
2 days

1 day

6-54 months®
3 months

1 year®

1 year®

1 year®
1 month®

2 days®
7 days®

1 day

3 days”

1 week®
1 week®
3 months®

3 months®
1 day

1 week
ND

1 day
5 months

1 day

1 day
1 day

2" division
2" division
2™ division

2™ division

SAN
ZFN

ION

ION

ION

ION, GPN, and
PSAN

SAN and GPN

ION

SAN

LN

SLN
SLN
ION and GPN

ION
ZN

ZFN
ION

Mydriasis

Mydriasis

Reduction of the pupillary
response

Reduction of the pupillary
response

Pulpal and soft tissue
hypoesthesia
Malar hypoesthesia

Hyperesthesia
Hyperesthesia
Hyperesthesia
Hypoesthesia

Pulpal, palatal, and mucosal
hypoesthesia
Hypoesthesia

Pulpal hypoesthesia

Tongue paresthesia

Upper lip hypoesthesia
Upper lip hypoesthesia
Pulpal and soft tissue
hypoesthesia
Hypoesthesia

Upper cheek paresthesia
Malar hypoesthesia
Paresthesia and pulp
necrosis

Lateral rectus palsy
Lateral rectus palsy

Lateral rectus palsy

Lateral rectus palsy
Lateral rectus palsy

2.5 weeks
ND
Several months

1 month

14 months
ND

1 year

1 year

1 year
6 months

6 months
12 months

3 months

12 weeks

1 year
1 year
1 year

1 year

1 year

6 months

13 months (mean)

7 weeks
9 months

5 months

37 months
ND

None
Asthma
Bilateral CLP

Unilateral CLP

ND
ND

Unilateral CLP
Bilateral CLP
Without cleft

1 amelogenesis
imperfecta, 1
unilateral CLP, 4
edentulous

ND

ND

Unilateral cleft
lip, palate and
alveolus; soft
cleft palate;
maxillary
hypoplasia
without
deformity
None

ND
ND
None

None

CLP

ND

Syndromic
patients and CLP

ND¢
ND

None

CLP
ND
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Table 1 (Continued )

Onset of signs and

Study  Recovery Age symptoms
Author, year design time (years) postoperative Nerve branch Signs and symptoms Follow-up Comorbidity type
Cruz and Dos Santos, CR ND 22 1 week® Lateral rectus palsy ND ND
2006"
Hanu-Cernat and CR 6 weeks 16 5 days Lateral rectus palsy 6 weeks None
Hall, 2009°*
Chrcanovic and CR 5 days 28 2 days Lateral rectus palsy 28 months None
Custédio, 2011"*
Kim et al., 20117 CR 1 year 19 1 day Lateral rectus palsy 1 year CLP
Brookes et al., CRs Case 2: 1 day 20 1 day Lateral rectus palsy ND None
2015%
Sirinoglu et al., CR 6 weeks 21 14 days Lateral rectus palsy 6 weeks ND
20157
Facial nerve (VII)
Lanigan and CR ND 23 3 months® GSPN Epiphora 9 months ND
Tubman, 1987°%
Lani%an et al., CRs Case 4: Partial recovery 42 8 days GSPN Dry eye 2 years ND
1993”7
Case 5: Partial recovery 39 1 month GSPN Dry eye 14 months ND
Case 6: Partial recovery 20 3 months GSPN Dry eye ND ND
Gent et al., 2003*° PS Partial recovery 24.6° 2 months® GSPN Hypogeusia 9 months ND
Kang et al., 2014°°  CR Case 1: Partial recovery 18 1 week GSPN Dry eye 6 months ND
Case 2: Partial recovery 32 6 months GSPN Dry eye 8 months ND
Vagus and accessory
nerves (X and XI)
Hacein-Bey et al., CR Partial recovery 18 ND RLN, PN (X), Vocal cord paresis and 1 year None

20132

and external
branch (XI)

dysphagia; trapezius muscle

atrophy

CLP, cleft lip and palate; CR, case report; CSS, cross-sectional study; GPN, greater palatine nerve; GSPN, greater superficial petrosal nerve; ION, infraorbital nerve; LN, lingual nerve; ND, no data;
PN, pharyngeal nerve; PS, prospective study; PSAN, posterior superior alveolar nerve; RLN, recurrent laryngeal nerve; RS, retrospective study; SAN, superior alveolar nerve; SLN, superior labial
nerve; TMD, temporomandibular disorder; ZFN, zygomaticofacial nerve; ZN, zygomatic nerve.

#The patient sought assistance, but the precise time of onset is unknown.

®Mean value.

°If the author made remarks about the patient’s health, the comorbidity was considered as non-existent.
d g . ..
The related comorbidity caused by Le Fort I osteotomy gradually resulted in nerve injury.
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Table 2. Cranial nerve injuries associated with intraoperative complications in Le Fort I osteotomy.

Author, year

Intraoperative complications

Complementary surgery
management

Nerve injury management

Postoperative
supplementary procedures

Optic nerve (I1I)
Lanigan et al., 1993’
Lo et al., 2002*

Cruz and Dos Santos, 2006
Kim et al., 20117

Chrcanovic and Custédio, 2011
Rodriguez-Navarro and Gonzalez-
Valverde, 2018*

Oculomotor nerve (I11)
Carr and Gilbert, 1986""
Lanigan and Tubman, 1987

Lanigan et al., 1993°’
Herold and Falworth, 1996°°

Lo et al., 2002°>

Newlands et al., 2004*%

Cruz and Dos Santos, 2006
Kim et al., 20117

Chreanovic and Custédio, 2011
Sirikumara and Sugar, 1990°>
Brookes et al., 2015

Mathew et al., 2015

Trigeminal nerve (V)

De Jongh et al., 19867
Lanigan et al., 1993’
Posnick et al., 1994%*
Rosenberg and Sailer, 1994

Al-Din et al., 1996°!

Schultze-Mosgau et al., 2001
Harada et al., 2004

Chuah and Mehra, 2005

Ueki et al., 2007°
Ueki et al., 2008%°

Uneventful

Case 1: excessive bleeding
Case 2: anisocoria, reduced
pupillary response

ND

Bleeding

Uneventful

Case 1: Uneventful

Case 2: Uneventful
Uneventful

Uneventful

Difficulty in down-fracturing and
sectioning of both descending
palatine arteries

Uneventful

Haemorrhage from nostrils on
extubation

Case 1: excessive bleeding
Case 2: anisocoria, reduced
pupillary response

Bleeding from maxillary artery
ND

Bleeding

Uneventful

None

None

Uneventful

ND

Uneventful

ND

1 patient had the GPN freed out of
its canal

5 patients had the GPN sectioned
Uneventful

ND

Bleeding

Uneventful
Uneventful

No management
No management
Corticosteroid

ND

Packing gauze + Surgicel
No management

No management

No management

No management

No management
Artery clips

No management
Reintubation, posterior and
anterior nasal packing

No management
Corticosteroid

Surgicel, local pressure
ND

Packing gauze + Surgicel
No management

No management

No management

No management

ND

No management

ND

Autologous bone or
lyophilized bone + BMP
ND

No management

ND

Avitene and Surgicel

No management
No management

Corticosteroid
Corticosteroid
Corticosteroid

Corticosteroid
Corticosteroid
Corticosteroid
Corticosteroid
Corticosteroid
Corticosteroid

Corticosteroid
Occlusion of the carotid-
cavernous sinus fistula

Corticosteroid
Observation

Corticosteroid
Corticosteroid

Corticosteroid and eye patch
Corticosteroid
Corticosteroid
Corticosteroid

No management
Corticosteroid
Corticosteroid

ND
Corticosteroid
ND
ND

ND

Observation
ND

Observation

Observation
Observation

ND
DO
None

None

None

IMF with elastics
ND

ND

ND

External fixation
MMF

ND
None

DO
None

None

None

None

IMF with elastics
None

ND

ND

ND

None

D-group: external maxillary
distraction (advancement);
C-group: medium
intermaxillary elastics
Postoperative expansion
twice daily

IMF with elastics

IMF with elastics
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Table 2 (Continued )

Complementary surgery Postoperative
Author, year Intraoperative complications management Nerve injury management supplementary procedures
Thygesen et al., 2009°° ND ND Observation None
Park et al., 2011°° ND ND Observation None
Kim et al., 201 17_ Bleeding Packing gauze + Surgicel Corticosteroid None
Kang et al., 2014°° ND ND Ophthalmic ointment and ND
artificial tears
Moran et al., 2018 ND ND ND ND
Abducens nerve (VI)
Watts, 1984'° Difficulty of positioning the chisel No management Observation IMF
and performing pterygoid
disjunction
Lanigan and Tubman, 1987 Difficulty in down-fracturing and Artery clips Occlusion of the carotid- MMF
sectioning of both descending cavernous sinus fistula
palatine arteries
Reiner and Willoughby, 1988°° Uneventful No management Eye p_atch and daily eye None
exercise
Lo et al., 20027 Uneventful No management Eye patch and daily eye None
exercise
Newlands et al., 2004** Bleeding from maxillary artery Surgicel, local pressure Corticosteroid None
Cruz and Dos Santos, 2006 ND ND Corticosteroid None
Hanu-Cernat and Hall, 2009 ND ND Observation None
Chrcanovic and Custodio, 2011'* Uneventful No management Corticosteroid IMF with elastics
Kim et al., 20117 Bleeding Packing gauze + Surgicel Corticosteroid None
Brookes et al., 2015%° Uneventful No management Corticosteroid ND
Sirinoglu et al., 20152 Uneventful No management Observation None
Facial nerve(VII)
Lanigan and Tubman, 1987°% Difficulty in down-fracturing and Artery clips Occlusion of the carotid- MMF
sectioning of both descending cavernous sinus fistula
palatine arteries
Lanigan et al., 1993’ Uneventful No management Corticosteroid ND
Gent et al., 2003* Uneventful No management ND ND
Kang et al., 2014°° Case 1: ND ND Ophthalmic ointment and ND
artificial tears
Case 2: ND ND Artificial tears ND
Vagus and accessory nerves (X and XI)
Hacein-Bey et al., 2013'2 Uneventful No management Carotid artery stent and coil IMF with elastics

obliteration of the
pseudoaneurysm and
antiplatelet therapy

BMP, bone morphogenetic protein; DO, distraction osteogenesis; GPN, greater palatine nerve; IMF, intermaxillary fixation; MMF, maxillomandibular fixation; ND, no data.
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been suggested that this happens because
the pupillomotor fibres are more resistant
to compression and ischemia®®. Isolated
mydriasis may also be found when only
the inferior division of the oculomotor
nerve is affected"”.

Haemorrhage, oedema, and even con-
tusion are causes of compression of the
optic nerve’, and can lead to reversible or
irreversible damage. However, it is the
unwanted fractures of the base of the skull
that extend to the superior orbital fissure
that are the main cause of amaurosis after
orthognathic surgery*'. They can cause
neurapraxia up to total nerve rupture'**
due to the displacement of bone frag-
through the optic canal
and sphenoid body into the cavernous
sinus’*?. Increased local pressure from a
retrobulbar haemorrage®' or even an im-
pediment of the orbit venous drainage
from carotid-cavernous shunts can also
lead to blindness™.

Another hypothesis for damage to the
optic nerve and other cranial nerves is
ischemia or nerve infarction from the
blood hypoperfusion to the brain, which
may cause ischemic optic neuropathy and
retinal artery occlusion’*. This may ex-
plain cases that have shown no alteration
on computed tomography’’. Cerebral
hypoperfusion may be due to lower blood
pressure caused by controlled hypoten-
sion, which is routinely used as an anaes-
thetic procedure to avoid excessive
bleeding and a decrease in blood volume,
as well as to improve visibility of the
surgical field, especially during down-
fracture; this may increase the risk of
damage to the sphenopalatine artery”**~
45 Hypotensive anaesthesia has potential
risks when considering the age and sys-
temic condition of the patients***®*.

Facial nerve disturbances are divided
into secretomotory disturbances®'*’ "
and decrease in taste sensitivity’*. The
first impairment occurs due to direct or
indirect lesions or even irritation to the
sphenopalatine ganglion at the pterygo-
maxillary fissure, during maxillary osteot-
omy. This anatomical structure receives
the vidian nerve, which carries parasym-
pathetic and sympathetic fibres from the
greater superficial petrosal nerve and ca-
rotid plexus, respectively’>. These fibres
are carried through the maxillary nerve
branch that innervates the lacrimal
gland®, as from the sphenopalatine gan-
glion. The descending palatine nerves pass
through this ganglion, but they do not
show any functional relationship with it,
and innervate the mucosal nasal glands™’.
When the damage affects the facial nerve
in its course through the base of the skull,

Cranial nerve injuries in Le Fort I osteotomy

pterygopalatine fossa, or inferior orbital
fissure, this can lead to a lack of tear-
ing®!2*47493% epiphora®!, or even to va-
somotor rhinorrhea™. Gent et al.** showed
that the function of taste in the palate was
significantly decreased at 6 to 9 months
after Le Fort I osteotomy, probably due to
impairment of the major function of the
superficial petrosal nerve from the facial
nerve. Another explanation is that the
postganglionic  parasympathetic  fibres
are more vulnerable to injury because they
are non-myelinated and can be damaged
more easily than myelinated fibres under
the same circumstances’’.

Damage to the vagus and accessory
nerves was described in one case; this
patient showed dysphagia, cough, vocal
fold paralysis, and trapezius muscle atro-
phy'?. The aetiological factor was a pseu-
doaneurysm of the internal carotid artery
that induced a pulsating effect on the
nerves, which was reverted after treat-
ment. In that study, the authors associated
the carotid artery aneurysm with the un-
wanted fracture of the skull base or with a
shear injury to the artery caused by move-
ment of the head and neck during naso-
tracheal intubation or the surgical
approach®' 3",

Five studies showed severe nerve inju-
ries, such asamaurosis, in patients with cleft
lip and palate''?'*74%>2 The Le Fort I
osteotomy is considered a difficult surgery
for these patients because they may have
anatomical variations of the nerve posi-
tions™>, pterygomaxillary sclerosis®*>°, fi-
brosis of the soft tissues and low blood flow
of the descending palatine artery resulting
from previous surgeries” .

According to Wikkeling and Koppendraa-
ier’®, there are three fracture types from
pterygomaxillary disjunction: (1) the ideal
fracture, (2) an oblique fracture through the
maxillary sinus, and (3) a high pterygoid
process fracture. The main cause of nerve
injury is related to the third fracture type, an
ascending fracture towards the orbit'*'*** or
the base of the skull’'*****? through the
pterygoid bone. The size and positioning of
the chisel can be related to the use of exces-
sive forces or inadequate directions of forces
applied during the pterygomaxillary disjunc-
tion, the main causes related to these nerve
injuries”'>'#?%32_ The use of intermaxillary
fixation with elastics can aggravate adverse
fractures, causing displacement of the hair-
line fracture and direct or indirect compres-
sion by haematoma™.

Adequate positioning of the curved chis-
el anteromedially and inferiorly in the pter-
ygomaxillary fissure is imperative to avoid
unwanted fractures®’. Modifications of the
conventional technique such as maxillary
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tuberosity osteotomy®™®', swan’s neck

osteotome use®’, shark-fin osteotome
use® % use of digital pressure, alone or
in combination with Tessier spreaders® 7,
and piezoelectric surgery’”**’ are mea-
sures that have been used in an attempt to
avoid the risks related to pterygomaxillary
separation with a curved Obwegeser osteo-
tome’’. However, these measures are still
rarely used’".

Excessive bleeding and difficulty per-
forming down-fracture were frequent in-
traoperative complications; both are
respectively associated with retrobulbar
haemorrhage and direct and indirect neu-
rovascular damage®'. Studies have
reported the use of corticosteroids after
Le Fort I osteotomy’-!2%30:37:40:43.32 ‘Tpe
literature associates the use of these drugs
with a reduction in postoperative swelling
and its complications®®"?,

Cranial nerve damage after Le Fort I
osteotomy is not rare, and in most cases
this damage is related to unwanted frac-
tures of the base of the skull and anatomi-
cal variations. Knowledge of the surgical
anatomy and an understanding of the
patient’s anatomical variations are neces-
sary in order to minimize the risk of nerve

injury.
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