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Objective:  Permanent  sensory  changes  after  sagittal  split  osteotomy  have  been  estimated  by various
methods  of measure.  The incidence  after  sagittal  split  osteotomy  vary  considerably.  The  purpose  of  this
study  was  to evaluate  sensory  alterations  in  patients  treated  either  with  sagittal  mandibular  osteotomy
and  genioplasty  or only  with  sagittal  mandibular  osteotomy.  The  type  of  sensory  alteration  and  the times
of  recovery  of lower  lip sensitivity  was  also  checked  in  the  different  groups.
Methods:  106  patients  who  underwent  BSSRO  w/o  genioplasty,  during  a 4-year  period,  were  included.
Qualitative  and  quantitative  tests  were  applied  to  investigate  tactile  sensitivity,  providing  objectively
measurable  data  involving  the  ability  to  feel  the  stimulus  and  to discriminate  a two  points  static  stimulus.
enioplasty
SSRO complications

Thermal  sensitivity,  sharp/blunt  discrimination  were  also evaluated,  as  well  the  quality  of  subjective
sensory  symptoms.
Results and conclusion:  Eighteen  months  after  surgery,  almost  all of  the  patients  had  satisfactory  recovery
of  their  initial  skin  and  mucosal  sensory  deficits,  but  the  intensity  of  more  fine discriminative  sensitivity
was  reduced  in those  who  had  simultaneously  undergone  genioplasty  associated  with  BSSRO.
© 2016  Asian  AOMS,  ASOMP,  JSOP,  JSOMS,  JSOM,  and  JAMI.  Published  by Elsevier  Ltd.  All  rights  reserved.�
. Introduction

Surgical repositioning of the skeletal components of the facial
tructure can be used to improve function and aesthetics. An
xtensive number of osteotomies are performed within the max-
llofacial region to fulfil these purposes. The most commonly used
re the Le Fort I osteotomy of the maxilla, the bilateral sagittal split
amus osteotomy (BSSRO) and genioplasty of the chin area [1]. A
roliferation of such treatments has occurred, owing to the increas-
Please cite this article in press as: Vaira LA, et al. Alveolar nerve imp
genioplasty. J Oral Maxillofac Surg Med  Pathol (2016), http://dx.doi.or

ng need to improve facial appearance and resolve functional
eficits, such as difficulties in mastication and speech. Various
enefits have been reported, including improved masticatory func-

� AsianAOMS: Asian Association of Oral and Maxillofacial Surgeons; ASOMP: Asian
ociety of Oral and Maxillofacial Pathology; JSOP: Japanese Society of Oral Pathol-
gy; JSOMS: Japanese Society of Oral and Maxillofacial Surgeons; JSOM: Japanese
ociety of Oral Medicine; JAMI: Japanese Academy of Maxillofacial Implants.
∗ Corresponding author.

E-mail address: luigi.vaira@gmail.com (L.A. Vaira).

ttp://dx.doi.org/10.1016/j.ajoms.2016.12.003
212-5558/© 2016 Asian AOMS, ASOMP, JSOP, JSOMS, JSOM, and JAMI. Published by Else
tion, reduced temporomandibular joint pain and improved facial
aesthetics [2]. However, as the number of surgical performances
increases, numerous complications, such as vascular problems,
temporomandibular joint problems, nerve injuries and infections,
have also been reported more frequently [3].

Neurosensory deficits are reported to be the most com-
mon  problem following orthognathic surgery [4]. Sagittal split
osteotomy and intraoral vertical ramus osteotomy are the most
commonly used osteotomies to correct mandibular deformities.
Altered function of the inferior alveolar nerve sometimes compli-
cates mandibular osteotomy and is indicated by sensory changes
in the distribution of the mental nerve (the lower lip and the chin).
The incidence of permanent sensory changes after sagittal split
osteotomy has been estimated by various subjective and objective
measures, which vary considerably in their ability to detect and
quantify any deficit. In some studies, the incidence after sagittal
airment following bilateral sagittal split ramus osteotomy and
g/10.1016/j.ajoms.2016.12.003

split osteotomy ranged from 0% to 82%. [5]
Injuries to the inferior alveolar nerve during the osteotomies

operation may  result from stretching of the nerve during medial
retraction, adherence of the nerve to the proximal segment after

vier Ltd. All rights reserved.�
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plitting, direct manipulation of the nerve, bony roughness on the
edial side of the proximal segment or mobilisation of the seg-
ent. The relation of the mandibular canal to the lateral cortex of

he mandibular ramus can affect the incidence of nerve damage. In
ddition, osteosynthesis tools may  cause injuries via compression
f the inferior alveolar nerve during fixation or direct injury to the
erve [1,6,7].

Virtually all patients have altered sensation in the immediate
ost-operative period, but even in the long term, more than one-
hird of patients report subjective sensory disturbances [8–10]. The
xtent and course of nerve recovery vary greatly in studies in which
he subjective sensation has been followed at several time points
p to 1 year, but little attention has been paid to factors that could
xplain the variance.

Persisting sensory alterations can cause problems in the daily
ives of patients and decreased satisfaction with the treatment
esults. Detailed knowledge of the recovery pattern and extent of
he sensory alterations would be of great importance for patient
ommunication, as well as for determining the need for possible
urther diagnostic tests and treatments during the recovery phase
11]. Therefore, one must carefully evaluate the degree of neu-
osensory disturbance (NSD) and its treatment and prognosis at
n early stage after surgery. Such evaluation would be very helpful
or clinicians and their patient.

For evaluating the NSD of the chin, many types of neurosensory
tatus examinations are used [5–7,11–14], which can be classified
nto three groups: measurements of touch, pain and thermal sen-
ation. Physiologically, touch sensation is transmitted by A-beta
bres, thermal sensations by C fibres and pain and cold sensations
y A-delta and C fibres, respectively [13]. Therefore, to increase the
iagnostic accuracy of the testing and to detect different types of
amage, various tests should be combined, such as combination of
ouch sensory in objective and subjective manners.

The purpose of this study was to verify if substantial differences
xist in terms of sensory alterations between patients treated either
ith sagittal mandibular osteotomy and genioplasty or only with

agittal mandibular osteotomy. It was also our intention to identify
he types of sensory alteration and the times of recovery of lower
ip sensitivity in the different groups.

. Patients and methods

The clinical records of the patients who underwent BSSRO alone
r combined bimaxillary osteotomies at the Maxillofacial Surgery
nit of the Sassari University Hospital, Italy, during a 4-year period
etween 2009 and 2013, were examined.

Patients who had conditions with greater propensity to alter
ecovery patterns or complicated systemic conditions, such as

 persisting orofacial sensory impairment, diabetes, a history of
acial trauma or operation or significant psychiatric disorders was
xcluded from the study group. Prior to surgery, nerve function
as tested bilaterally to document any deficits due to the pres-

nce of concomitant disease; no such deficits were encountered.
ll patients followed an ordinary recovery course after surgery and
one showed severe post-operative complications, such as persis-
ent oedema or infection. The study was approved by the ethical
ommittee of the University of Sassari.

The same surgeon, who was experienced in orthognathic
urgery, performed all surgeries. All patients were treated with
agittal mandibular ramus osteotomy (Epker’s variant), associated
r not with genioplasty (at the lower border from the first pre-
Please cite this article in press as: Vaira LA, et al. Alveolar nerve im
genioplasty. J Oral Maxillofac Surg Med  Pathol (2016), http://dx.doi.or

olar area of one side to the same area on the opposite). Both
steotomies were performed with a reciprocating saw and then
plitted with sagittal splitter and separators. Ostheosintesis was
one with titanium plates and screws.
Fig. 1. Cutaneous areas tested. V: vermilion. M:  median region. P: paramedian
region. F: foramen.

The subjects included (106 patients, 66 men and 40 women;
mean age: 26.1 years, range: 21–37 years) were divided into the
following groups:

Group 1: class III, mandibular retrusion without genioplasty (28
patients)

Group 2: class III, mandibular retrusion plus genioplasty (28
patients)

Group 3: class II, mandibular advancement without genioplasty
(26 patients)

Group 4: class II, mandibular advancement plus genioplasty (24
patients)

To obtain a precise map  of the sensitivity of the region pertaining
to the inferior alveolar nerve (and particularly the mental nerve),
the region itself was divided into the following areas (Fig. 1):

- the median region of the chin and lip: 1 cm bilaterally from the
symphysis mandibulae, both the cutaneous and mucosal sides;

- the paramedian region: 2 cm bilaterally from the symphysis, both
cutaneous and mucosal sides;

- the area of the mental foramen: 3 cm bilaterally from the symph-
ysis (a few millimetres below the roots of the 4th and 5th teeth),
on both the cutaneous and mucosal sides;

- the vermilion border of the lower lip.

The function of the inferior alveolar and mental nerves was
tested for 18 months after surgeries.

All the tests were carried out by an independent medical doctor
in a room free of any acoustic or visual disturbances capable of
affecting the tests, with the patients having their eyes closed. The
results were recorded on a standard form.

Qualitative and quantitative tests were applied to investigate
tactile sensitivity, providing objectively measurable data involving
the ability to feel the stimulus and to discriminate a two  points
static stimulus. Thermal sensitivity, and sharp/blunt discrimina-
tion were also evaluated, as well the quality of subjective sensory
symptoms.

2.1. Tactile sensitivity

Objective and quantitative evaluations were performed using
the Semmes–Weinstein pressure aesthesiometer. The facial skin
sites were tested bilaterally while the patients kept their eyes
closed. The points of stimulation were selected in random order.

The test started with the thinner filament, followed by filaments
pairment following bilateral sagittal split ramus osteotomy and
g/10.1016/j.ajoms.2016.12.003

with progressively increasing thickness. The patient was  asked to
answer yes when the touch of the monofilament was felt. Then,
a filament immediately thicker was tested, but only in the areas
without positive response to the previous filament. Each stimulus

dx.doi.org/10.1016/j.ajoms.2016.12.003
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as maintained for approximately 1.5 s, and articulate movements
ere avoided during use of the monofilaments. For each tested
onofilament, the stimuli were applied 4 times in each area of

nterest. The stimulus response was considered positive when there
ere at least 3 (75%) correct answers (3 of 4 correct stimuli). The

emmes–Weinstein monofilaments 2.83 and 3.22 were selected as
he upper limit of normality for the detection thresholds for the
ower lip and chin, respectively.

.2. Two-points discriminative sensitivity

assessment was made using Weber’s aesthesiometer, an instru-
ent similar to a pair of dividers that makes it possible to visualize

he distance between the two points at the time it is being used.
oth points were positioned simultaneously in the area of the skin
nder investigation, and the patients were asked whether they per-
eived only one or two distinct stimuli. Beginning with a minimum
istance of 5 mm,  the points were gradually separated until the
atients perceived them as separate; the results were considered
egative if the patients failed to perceive two separate stimuli when
he distance between the points was 15 mm or more.

Thresholds of two-point discrimination was assessed using a
staircase limits method” [15]. This method included four test series
ith alternating descending and ascending stimulus magnitudes.

 threshold was based on the mean of eight stimulus magnitudes
orresponding to the reversals from positive to negative responses
r vice versa in these four series.

.3. Sharp/blunt discrimination

this tests the ability to distinguish the stimulus caused by the
ip of the needle of the aesthesiometer, or of a small paint brush, to
valuate the patient’s capacity to differentiate between blunt and
harp stimulation. Each area was randomly touched by one of the
nstruments while the patients were required to keep their eyes
losed to prevent any visual interference.

.4. Thermal sensitivity

This two-part test evaluated sensitivity to cold and heat. A glass
est tube with a 4-mm base was filled with water heated to a tem-
erature of 40–45 ◦C. After its base had been placed against the
kin, the patients were asked whether they felt any sensation of
eat while they were simultaneously warned not to give an affir-
ative reply only because they felt the contact with the test tube.

he same operation was also carried out using ice.

.5. Subjective sensory symptoms

The subject indicate the different qualities of sensory changes
n a schematic figure of the face by marking the regions with
ifferent colours, classifying them in 4 categories: normal (nerve
ith no subjective alterations), negative symptoms (hypoesthe-

ia), positive symptoms with or without hypoesthesia (paresthesia,
ysesthesia and/or pain) and total loss of sensibility.

.6. Data analysis

The results of the qualitative tests (numerically unquantifiable)
ere classified as follows: A: prompt perception of the stimulus; B:

ess intense perception of the stimulus; C: little perception of the
Please cite this article in press as: Vaira LA, et al. Alveolar nerve imp
genioplasty. J Oral Maxillofac Surg Med  Pathol (2016), http://dx.doi.or

timulus; D: no perception of the stimulus.
The Mann-Whitney U test was used to compare differences

etween the groups (only in quantitative test). Statistical sig-
ificance was  defined as P < 0.05. The two points-discrimination
 PRESS
ry, Medicine, and Pathology xxx (2016) xxx–xxx 3

threshold was  determined for each site and whether these thresh-
olds differed between groups depending on surgery, with or
without genioplasty, using an analysis of variance (ANOVA) for
repeated measures.

3. Results

Results of the tests seem indicate that patients who underwent
mandibular retrusion presented a better perception of all types of
stimula. Mentoplasty associated with BSSRO (both advancement
and retrusion) worsen the ability to promptly percive the stimu-
lation. In all the patient groups, the worse quality of the sensitive
perception was in vermilion area.

3.1. Semmes-Weinstein monofilament test

Data were collected before and 1, 3, 6, 12 and 18 months after
surgery and are expressed as percentage rate of patients of each
group feeling correctly or abnormally the tactile stimulus in the
investigated regions (Table 1). Before the surgery all the patients
detected the stimulus of 2.83 and 3.22 monofilament on the lower
lip and chin, respectively.

Statistical analysis for the Semmes-Weinstein test was  carried
out and is summarised below:

Until the sixth months control, significant differences were
observed (P < 0.05) between groups 1 and 2 and groups 3 and 4
for all regions. Class II patients reported generally worst results,
but these data resulted no significant.

At 12 and 18 months, even though the foramen and especially
the vermillion area showed less sensitivity, no significant differ-
ences were observed (P > 0.05) between the groups.

3.2. Two-point discrimination test

For the two-point discrimination test, values were collected
before and 3, 6 and 12 months after surgery and are expressed as
rate of patients that discriminated between two separate points.
Both points were positioned simultaneously in the area of the skin
under investigation and the patients were asked whether they per-
ceived only one or two  distinct stimuli. Beginning with a minimum
distance of 5 mm,  the points were gradually separated until the
patients perceived them as separate. The results were considered
negative if the patients failed to perceive two  separate stimuli when
the distance between the two  points was 15 mm or more. Table 2
reports a framework summary of this evaluation.

Statistical analysis for the two-point discrimination test was  car-
ried out and can be summarised a follows: at 3, 6 and 12 months,
significant differences were observed (P < 0.05) between groups 1
and 3 (no genioplasty) and groups 2 and 4 (genioplasty) for almost
all regions. (for value <5 mm,  i.e. excellent sense of discrimination)

3.3. Sharp-blunt discrimination

In group 1, the stimulus was promptly discriminated in 79–90%
of patients depending from the areas. In the group of patients
who carried out mentoplasty in addition to mandibular retrusion
(group 2) these rates drop to 75–81%. Likewise, patients subjected
to isolated mandibular advancement (group 3) present a prompt
perception of the stimulus in 80–86% of the cases, while these data
drop to 79–82% when genioplasty was performed (group 4). The
difference between the groups was not significant.
airment following bilateral sagittal split ramus osteotomy and
g/10.1016/j.ajoms.2016.12.003

3.4. Sensitivity to heat

In group 1, the hot stimulus was promptly discriminated in
88–89% of patients, depending from the areas. In the group of

dx.doi.org/10.1016/j.ajoms.2016.12.003
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Table  1
Results of Semmes-Weinstein quantitative test (% of patients).

Median Paramedian Foramen Vermillon

1 month 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Normal 13 2 15 5 13 2 15 5 13 0 15 5 9 0 12 3
Abnormal 87 98 85 95 87 98 85 95 87 100 85 95 91 100 88 97

3  months 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Normal 25 12 25 12 25 12 26 13 22 15 22 13 22 13 20 13
Abnormal 75 88 75 88 75 88 74 87 78 85 78 87 78 87 80 97

6  months 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Normal 58 47 60 50 60 45 60 48 60 48 58 44 56 45 52 40
Abnormal 42 53 40 50 40 55 40 52 40 52 42 56 44 55 48 60

12  months 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Normal 81 77 82 77 79 74 82 76 80 73 81 74 77 70 78 71
Abnormal 19 23 18 23 21 26 18 24 20 27 19 26 23 30 22 29

18  months 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Normal 95 95 98 97 95 94 97 95 87 90 93 92 92 90 92 92
Abnormal 5 5 2 3 5 6 3 5 13 10 7 8 8 10 8 8

Table 2
Results of Two-points discrimination quantitative test (% of patients).

Median Paramedian Foramen Vermillon

Before surgery 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
>10  mm poor discrimination 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5–10  mm good sense of discrimination 35 36 39 30 31 31 38 30 31 33 38 30 25 26 26 24
<5  mm excellent sense of discrimination 65 64 61 70 69 69 62 70 69 67 62 70 75 74 74 76

3  months 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
>10  mm poor discrimination 27 37 38 46 28 38 38 43 27 39 39 45 30 46 42 45
5–10  mm good sense of discrimination 52 52 51 44 49 55 50 47 53 50 51 47 52 50 44 55
<5  mm excellent sense of discrimination 21 11 11 10 23 7 12 10 20 11 10 8 18 4 14 0

6  months 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
>10  mm poor discrimination 24 33 31 44 27 33 32 40 20 35 36 43 28 40 39 40
5–10  mm good sense of discrimination 48 48 48 40 45 50 43 46 50 54 45 42 48 45 43 46
<5  mm excellent sense of discrimination 28 19 21 16 28 17 25 14 30 11 19 15 24 15 18 14

12  months 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
2
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>10  mm poor discrimination 18 28 22 27 18 

5–10  mm good sense of discrimination 46 45 44 44 50 

<5  mm excellent sense of discrimination 36 27 34 29 32 

atients who carried out genioplasty in addition to mandibular
etrusion (group 2) this rate drops to 77–80%. Likewise, patients
ubjected to isolated mandibular advancement (group 3) present

 prompt perception of the stimulus in 78–86% of the cases, while
his rate drops to 77–83% when genioplasty was performed (group
). The difference between the groups was not significant.

.5. Sensitivity to cold

In group 1, the cold stimulus was promptly discriminated in
5–88% of patients, depending from the areas. In the group of
atients who carried out genioplasty in addition to mandibular
etrusion (group 2) this rate drops to 77–80%. Likewise, patients
ubjected to isolated mandibular advancement (group 3) present a
rompt perception of the stimulus in 77–86% of the cases; this rate
rops to 75–83% in cases that genioplasty was performed (group
). The difference between the groups was not significant.

All these data are summarized on Table 3.

.6. Subjective sensory symptoms

Results of the subjective sensory symptoms were recorded at
Please cite this article in press as: Vaira LA, et al. Alveolar nerve im
genioplasty. J Oral Maxillofac Surg Med  Pathol (2016), http://dx.doi.or

 days and 1, 3, 6, 12 an 18 months. At 7 days all patients had a total
oss of sensibility in every region of the chin and the lip.

The data recorded subsequently are resumed in Table 4. No
atients complained complete anaesthesia at 18 months follow up.
8 24 35 17 30 23 34 12 28 18 28
3 45 46 53 55 48 48 38 38 35 40
9 31 19 30 15 29 18 50 34 47 32

4. Discussion

The results of these tests and the analysis of the patients’ com-
ments revealed that the residual neurosensory alterations are not
disabling. Numerous studies [15–34] have already been published
concerning post-surgical sensitivity of the inferior alveolar and
mental nerves following mandibular osteotomy. The major com-
plication of this type of procedure was a transient or (more rarely)
permanent alteration in the neurosensory function of the lower
lip. Because of their anatomical position, the inferior alveolar and
mental nerves may  suffer various types of trauma during orthog-
nathic surgery. These may  be indirect, such as compression due to
the formation of a post-operative oedema or haematoma, or direct,
including strain and/or compression during separation of the soft
tissue, osteotomy, repositioning of the bony segments or during
stabilisation.

According to some authors [15], the vascular supply may  also
be compromised, if the nerve is exposed during surgical proce-
dures. Many experimental studies have been performed with the
aim of demonstrating that factors such as age can affect the post-
operative recovery of sensitivity. A direct correlation seems to exist
between increasing age and the persistence of paraesthesia after
sagittal osteotomy of the mandible, particularly in patients older
pairment following bilateral sagittal split ramus osteotomy and
g/10.1016/j.ajoms.2016.12.003

than 40 years of age [21,25]; younger patients have a better chance
of recovery [18]. In this study, age did not appear to affect the
neurosensory alteration and recovery pattern. This is contradic-
tory to previous studies that indicate older age as a risk factor for

dx.doi.org/10.1016/j.ajoms.2016.12.003
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Table  3
Results of sharp/blunt and thermic tests (% of patients).

Median Paramedian Foramen Vermillon

A B C D A B C D A B C D A B C D

Group 1
Sharp/blunt 85 11 4 0 90 10 0 0 91 9 0 0 79 11 10 0
Heat  89 10 1 0 89 9 2 0 89 10 1 0 88 10 2 0
Cold  87 11 2 0 88 11 1 0 88 11 1 0 85 10 5 0

Group  2
Sharp/blunt 81 7 0 0 81 12 7 0 81 13 6 0 75 14 1 0
Heat  79 21 0 0 80 20 0 0 80 20 0 0 77 20 1 0
Cold  78 21 1 0 80 19 1 0 80 19 1 0 77 19 2 0

Group  3
Sharp/blunt 85 9 6 0 85 9 6 0 86 8 6 0 80 12 8 0
Heat  86 11 3 0 86 10 4 0 86 10 4 0 78 20 2 0
Cold  86 10 4 0 86 9 5 0 85 11 4 0 77 20 3 0

Group  4
Sharp/blunt 82 15 3 0 82 14 4 0 80 16 4 0 79 12 9 0
Heat  83 13 4 0 77 12 11 0 79 11 10 0 77 18 5 0
Cold  83 12 5 0 78 11 11 0 79 11 10 0 75 17 8 0

A: prompt perception of the stimulus; B: less intense perception of the stimulus; C: little perception of the stimulus; D: no perception of the stimulus.

Table  4
Results of subjective sensory symptoms assessment (% of patients).

Median Paramedian Foramen Vermillon

1 month 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Normal 0 0 0 0 9 7 0 0 9 7 0 0 10 7 0 0
Negative symptoms 0 0 0 0 10 14 14 12 10 12 12 12 11 14 12 10
Positive symptoms 22 21 17 19 21 21 11 10 20 23 13 10 22 21 13 14
Anaesthesia 78 79 83 81 60 58 75 78 61 58 75 78 58 58 75 76

3  months 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Normal 7 5 6 2 18 14 8 6 18 14 8 5 16 13 8 6
Negative symptoms 38 15 35 20 61 58 50 44 60 58 48 44 63 58 48 44
Positive symptoms 40 60 39 58 14 21 25 31 15 20 27 32 12 22 25 32
Anaesthesia 15 20 20 20 7 7 17 19 7 8 17 19 9 7 19 18

6  months 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Normal 40 25 35 25 46 44 44 40 45 44 44 40 45 44 45 40
Negative symptoms 35 30 40 28 36 40 31 36 37 39 32 35 36 39 30 35
Positive symptoms 15 25 12 27 12 10 15 11 13 10 16 12 12 11 16 12
Anaesthesia 10 20 12 20 6 6 10 13 5 7 8 13 7 6 9 13

12  months 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Normal 64 57 57 54 64 67 56 57 64 65 56 55 64 65 57 55
Negative symptoms 27 25 31 32 27 33 31 29 26 33 31 31 26 33 32 31
Positive symptoms 9 18 12 14 9 0 13 14 10 2 12 14 10 2 11 14
Anaesthesia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

18  months 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Normal 96 95 98 96 96 96 98 96 97 96 95 95 97 96 96 95

1 

1 
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Negative symptoms 3 3 2 2 3 2 

Positive symptoms 1 2 0 2 1 2 

Anaesthesia 0 0 0 0 0 0 

rolonged sensory disturbance. This difference probably resulted
ecause the patient group of this study was mainly composed of
dults under 40 years old. To investigate the effect of ageing, future
tudies based on subjects with an indiscriminate age distribution
hould be performed.

Evaluating the situation following multiple surgical procedures
s important: genioplasty performed at the same time as a sagit-
al mandibular osteotomy may  lead to nerve lesions at different
evels and thus hinder satisfactory recovery of the altered sensa-
ion from these procedures [19]. Genioplasty tends to aggravate the
erve damage caused by orthognathic surgery. Genioplasty alone

s very rarely associated with neurosensory disturbances com-
ared to orthognathic surgery because incisions are usually made
Please cite this article in press as: Vaira LA, et al. Alveolar nerve imp
genioplasty. J Oral Maxillofac Surg Med  Pathol (2016), http://dx.doi.or

t more peripheral sites of the inferior alveolar nerve (IAN). Few
rticles [1,13] have evaluated the effect of genioplasty on neurosen-
ory disturbance. These studies report a relatively low incidence
2 2 2 4 3 3 3 2 4
2 1 1 1 2 0 1 2 1
0 0 0 0 0 0 0 0 0

of hypoesthesia after genioplasty. Our results are in accord with
others [9] showing that the recovery of the IAN is much slower in
patients undergoing mandibular osteotomy combined with genio-
plasty, which is probably attributable to the double insult caused by
the combined procedures. The damaging effect seems to be more
severe in the case of class II with genioplasty and could be explained
by the stretching of the nerve after the advancement [1].

Recovery of nerve damage was most marked following the first
3 months after surgery, which is in accord with the results reported
in previous prospective 1-year follow-up studies on IAN recov-
ery after BSSRO [20]. In the case of BSSRO, most nerve damage
occurs during the subperiosteal retraction on the medial side of
the mandibular ramus, mainly resulting in demyelinating lesions
airment following bilateral sagittal split ramus osteotomy and
g/10.1016/j.ajoms.2016.12.003

owing to compression. Demyelinating nerve lesions are gener-
ally known to recover during the first 4 months after injury. The
results indicate further nerve regeneration even after 6 months and
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ontinuing recovery up to the 1-year follow-up. This corresponds
o findings from other studies reporting improvement of sensory
lteration up to 1 year after BSSRO [6].

In our study, the mandibular movement was related to the
ncrease in threshold level after the operation because direct stim-
lation or disturbance to the inferior alveolar nerve seldom occurs
uring osteotomy surgery and traction of the nerve caused by
ovement of the bone segments might be one of the causes of

ost-operative sensory disturbance. In any type of orthognathic
urgery, nerve compression can occur due to hooking or inflamma-
ory oedema resulting from movement of the distal bone segments.

At least 1 year is generally necessary to verify resolution of a
eurosensory alteration, as patients may  report sensory distur-
ances in the immediate post-operative period, but the majority
xperience almost total recovery within 18 months post-operation
17,22]. However, the discordant results of the large number of
tudies designed to test the function of the inferior alveolar and
ental nerves often make them difficult to compare. This discord

s mainly due to methodological differences: some are exclusively
ualitative studies based on subjective tests or on the use of ques-
ionnaires [18,23], others report both objective and subjective data
btained using exclusively qualitative techniques [16,21,35–37]
nd still others have used quantitative tests. Their results, however,
re difficult to compare as the tests themselves were differ-
nt [15,22,24–26,38,39]. Furthermore, the results are sometimes
eported in terms of the rate of areas with altered sensitivity and
ometimes in terms of the rate of patients examined. An accurate
valuation of neurosensory dysfunction should be based on a stan-
ardised methodology capable of investigation and quantification,
ather than one based on a simple questionnaire [28].

In our series, one year after surgery, almost all of the patients
ad satisfactory sensory recovery of their initial skin and mucosal
ensory deficits, but the intensity of the sensation was  reduced in
hose who had simultaneously undergone genioplasty (groups 2
nd 4) and in the patients undergoing orthognathic surgery for class
I.

. Conclusions

In conclusion, this study has extended information on normal
alues for static light touch and static two-point discrimination for
acial sites. We showed that simple hand-operated devices, such
s Semmes-Weinstein nylon monofilaments (light touch sensa-
ion) and the Weber’s aesthesiometer (two-point discrimination)
emain useful for studying trigeminal sensory function. The force
onditions during testing are such that normal values from differ-
nt laboratories for a variety of sites are generally applicable to
ny trained observer. The use of these devices is therefore appro-
riate, particularly in daily clinical practice in which easy and fast
pplication is advantageous.

Eighteen months after surgery, almost all of the patients
eported a satisfactory recovery of their initial skin and mucosal
ensory deficits. Patients who had simultaneously undergone
enioplasty or surgery for class II presented a worst recover of
ore fine discriminative sensitivity. In these patients the recovery

s generally slower and required not less than 6–12 months.
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