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bstract

e have investigated the long-term incidence of neurosensory disturbances after modified bilateral sagittal split osteotomy, and identified
ssociated risk factors. We prospectively studied 376 patients, and their self-reported neurosensory disturbances were evaluated six months, and
ne, two, and three years postoperatively. The correlations between the following risk factors and neurosensory disturbances were investigated
sing univariate analysis and stepwise multivariate analysis: age at operation, sex, type of movement (advancement, setback, or rotation),
oncurrent genioplasty, type of detachment, iliac crest bone graft, and use of dicalcium phosphate synthetic bone graft. Probabilities of less
han 0.05 were accepted as significant. Three years postoperatively, 57 patients (15%) reported altered sensation of the lower lip or chin.
lder age correlated significantly with neurosensory disturbances (p < 0.0001). Greater mandibular advancement correlated with postoperative

positive” neurosensory phenomena (right side p = 0.08; left side p = 0.03). Intraoperative surgical manipulation of the left inferior alveolar
erve was significantly associated with postoperative hypoaesthesia (p = 0.014). Older age at surgery, extensive mandibular advancement, and
urgical manipulation of the left inferior alveolar nerve, were associated with long-term neurosensory disturbances after modified bilateral
agittal split osteotomy. The modified operation seems to safeguard the inferior alveolar nerve from transection, without causing damage to

ther nerves.

 2020 The Author(s). Published by Elsevier Ltd on behalf of The British Association of Oral and Maxillofacial Surgeons. This is an open
ccess article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

eywords: Neurosensory disturbances; sagittal split osteotomy; hypoaesthesia; nerve detachment; inferior alveolar nerve
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ntroduction
eurosensory disturbance (NSD) after bilateral sagittal split
steotomy (BSSO) is a common complication, and the cause
f considerable comorbidity.1–3 In particular, neurosensory
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henomena such as hyperaesthesia, paraesthesia, and dysaes-
hesia lead to patients’ dissatisfaction. A meta-analysis found

 mean incidence of patient-reported NSD of 33.9% one
ear postoperatively.4 It has been hypothesised that injury
o the peripheral nerves may cause permanent NSD postop-
ratively; more specifically, perioperative axonal nerve injury
f the inferior alveolar nerve (IAN) may be followed by post-

perative maladaptive neuroplasty.5–7 The risk factors for
he development of NSD include older age, intraoperative
ncounter with the nerve, and concurrent genioplasty.4,8–12
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he influence of sex and the extent of bilateral sagittal split
steotomy (BSSO) advancement on the outcome of NSD
emains a matter of debate.12–14

Ever since the introduction of BSSO in 1957 by Trauner
nd Obwegeser, modifications have been proposed to reduce
omplications such as postoperative swelling, haemor-
hage, and manipulation of the neurovascular bundle.15 The
ost well-known modifications are those by Hunsuck16

nd Epker.17 Politis et al also reported a modified buc-
al sagittal split osteotomy in 2014.8 The modification
llows a controlled split of the lower border at the anterior
steotomy site of the mandibular body with a piezotome,
o decrease the risk of damage to the IAN, particularly
hen the nerve is located near the lower border of the
andible.
The primary aim of this study was to evaluate prospec-

ively the long-term incidence of NSD at follow-up after a
odified buccal sagittal split technique. The secondary aim
as to identify individual and intraoperative risk factors for

he development of NSD, which were categorised as “posi-
ive” and “negative” sensory phenomena.

atients  and  methods

atients

his prospective study included 380 patients who were
reated consecutively. The inclusion criterion was: all patients
ho underwent BSSO with a modified buccal osteotomy

echnique between January 2013 and September 2016. The
xclusion criteria were the presence of NSD preoperatively
nd being lost to follow-up.

ollection  of  data

he following data were collected: patient’s age at operation;
ex; class of malocclusion; type of movement; concurrent
e Fort I or genioplasty procedure, or both; the need for,
nd the type of, detachment of the nerve; and the intraoper-
tive use of an iliac crest bone graft or dicalcium phosphate
ynthetic bone graft. The type of movement refers to the
dvancement, and setback or rotation, of the mandible, or
oth. The type of detachment refers to the need to detach the
AN from the proximal segment of the mandible. This was
lassified according to the side operated on and according
o the need for non-surgical detachment (using a freer) or
or more invasive, surgical detachment (using a piezoelec-
rical device) (Mectron s.p.a, Bois d’Amont). The extent of
he mandibular advancement was evaluated using panoramic

adiography. The radiographic image was taken one week
ostoperatively and was subsequently analysed as described
y Agbaje et al.18
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urgical  technique

ll patients were treated at one centre by the same surgical
eam (three maxillofacial surgeons) using the modified sagit-
al split osteotomy technique described by Politis et al8 and
gbaje et al.18 Rigid fixation was achieved using miniplates

nd monocortical screws. When it was deemed necessary
based on the patient’s age and the width of the bone gap)

 dicalcium phosphate synthetic bone graft (CopiOs® Bone
oid Filler) was used, without fixation, to support postoper-
tive bone formation and to avoid a bony defect at the lower
order of the mandible. An iliac crest bone graft was used to
over bony gaps either at the maxilla (in case of a concurrent
e Fort I procedure) or at the mandible (at the buccal gap).

eurosensory  test  procedure

ll 376 patients were examined preoperatively and one week,
ix weeks, three months, six months, one year, and two
ears postoperatively. A subgroup of 279 patients treated
onsecutively between January 2013 and September 2015
ad follow-up appointments three years postoperatively. A
ight brush technique and two-point discrimination were used
t each follow-up consultation. Anaesthesia was evaluated
sing the pin-prick test. Altered sensation was categorised
s either hypoaesthesia or as “positive” sensory phenomena
uch as hyperaesthesia, dysaesthesia, or paraesthesia. The
everity of the NSD was neither described nor recorded. The
ocation of the sensory impairment was categorised as left
ower lip, right lower lip, or central chin. Lingual nerve dam-
ge was evaluated using a light-brush technique, and injury
o the marginal mandibular branch of the facial nerve was
ssessed clinically.

tatistical  analysis

atients and operational characteristics were analysed using
escriptive statistics. Continuous variables were described as
he number of observations, mean, median, SD, and range.
ategorical variables were described using absolute counts
nd percentages.

First, Spearman’s rank correlation analysis was used to
stablish the relation between the risk factors for develop-
ent of NSD. Secondly, parametric univariate analysis was

sed to find out which variables correlated significantly with
he NSD outcomes hypoaesthesia and “positive” neurosen-
ory phenomena for each combination of NSD outcome and
xplanatory variable separately, by means of a generalised
inear model for binary outcomes using a logit link. A prob-
bility of less than 0.05 was considered significant. Finally,

 stepwise model selection (multivariable regression) using
eneralised linear models for binary data and a logit link was

sed to identify the variables that contributed to hypoaesthe-
ia, “positive” neurosensory phenomena, and NSD two years
ostoperatively.
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Table 1
Surgical characteristics of 376 patients treated by modified sagittal split
osteotomy.

Type of movement Yes, n or mm %

Advancement 303 80.6
Left 8.34 mm (3.18) mm
Right 7.89 mm (2.91) mm

Setback 69 18.3
Rotation 122 32.4

Left 61 16.2
Right 61 16.2

Concurrent Le Fort I 156 41.5
Concurrent genioplasty 84 22.3
Iliac crest bone graft 101 26.9
CopiOs® 109 29

The number of patients (n) and measurements are shown for the indicated
types of mandibular movement. CopiOs® is the dicalcium phosphate syn-
thetic bone graft that was applied perioperatively as needed at the bone
gap.

Table 2
Inferior alveolar nerve detachment in 376 patients during right and left
sagittal split osteotomy (SSO). Data are number (%).

Right SSO
(n = 376)
No. (%)

Left SSO
(n = 376)
No. (%)

Free nerve 259 (69) 220 (59)
Freer 76 (20) 103(27)
Piezoelectrical device 52 (14) 72 (19)
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Table 3
Neurosensory outcomes in 376 patients after right and left sagittal split
osteotomy.

Six
months
(n = 376)
No. (%)

One year
(n = 376)
No. (%)

Two
years
(n = 376)
No. (%)

Three
years
(n = 269)
No. (%)

NSD total 152 (40) 63 (17) 61 (16) 41 (15)
Hyperaesthesia: right 13(3.5) 8 (2) 8 (2) 7 (3)
Hyperaesthesia: left 12 (3) 9 (2) 9 (2) 8 (3)
Hypoaesthesia: right 110 (29) 26 (7) 26 (7) 15 (6)
Hypoaesthesia: left 104(28) 26 (7) 26 (7) 19 (6)
Chin 18 (5) 8 (2) 7 (2) 4 (2)

The neurosensory disturbance (NSD) total indicates the number of patients
with NSD at the indicated times postoperatively. Hypoaesthesia and “posi-
tive” neurosensory phenomena (hyperaesthesia) are described for the right
and left sides of the mandible. NSD of the central chin region was present
bilaterally.
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s appropriate, the nerve was detached with a freer, or with a piezoelectrical
evice.

esults

escriptive  results

he records of a total of 380 consecutively-treated patients
ho had had modified buccal split osteotomy were analysed.
fter we had excluded three patients because they already
ad NSD, and one who was lost to follow-up, 376 patients
ere included in this study. The mean (SD) age was 26 (11)
ears (range 14–66). Of the 376 patients, 243 (65%) were
emale, giving a male:female ratio of 1:1.8 (Table 1).

Table 2 shows the need for intraoperative surgical detach-
ent of the IAN. On the right side of the mandible, 117

31%) inferior alveolar nerves required detachment using
ither a freer or a piezoelectrical device. On the left side
f the mandible, 156 (42%) nerves required detachment.
able 3 shows the primary outcome. At two years postopera-

ively, 61/376 (16%) patients reported NSD. In the subgroup
ith three years’ follow-up, 41 of the 269 patients (15%)

eported altered sensation of the lower lip or chin, while four
ecovered sensation in the lip and chin area between two and
hree years postoperatively. McNemar’s test showed no sig-
ificant change between two and three years postoperatively

p = 0.1336).

There was no perioperative transection of the IAN and no
naesthesia of the lower lip and chin. There were no injuries

s

s

ig. 1. Neurosensory outcome. Kaplan-Meier curve showing incidence of
eurosensory disturbance (y-axis) as a function of time (x-axis).

o the lingual nerve or to the marginal mandibular branch of
he facial nerve. Fig. 1 shows the evolution of the patients
ith NSD six months, one year, two years, and three years
ostoperatively.

orrelation  analysis  and  univariate  and  stepwise  model
uilding selection

pearman’s rank correlation analysis showed no clinically
elevant correlation of risk factors with NSD. Univariate anal-
sis showed a significant relation between increasing age
t the time of operation and both hypoaesthesia and “pos-
tive” neurosensory phenomena (Table 4). The degree of
dvancement showed a significant correlation with the devel-
pment of “positive” neurosensory phenomena on the left
ide (p = 0.03), but the correlation on the right side was not

ignificant (p = 0.08).

The intraoperative need for detachment (p = 0.014) and
urgical detachment (p = 0.0138) of the left IAN was sig-
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Table 4
Univariate analysis of 376 patients 2 years after right and left sagittal split osteotomy.

Variable Hyperaesthesia: right
(test value)
P value

Hyperaesthesia: left
(test value)
P value

Hypoaesthesia: right
(test value)
P value

Hypoaesthesia: left
(test value)
P value

NSD total
(test value)
P value

Age (3.416)
<0.001

(3.300)
<0.001

(4.095)
<0.001

(3.604)
<0.001

(5.694)
<0.001

Sex (-0.614)
0.541

(-0.821)
0.413

(-1.735)
0.084

(-0.928)
0.355

(-1.904)
0.058

Advancement:
Left – (2.001)

0.031
– (1.733)

0.083
(1.375)
0.171

Right (1.783)
0.081

– (-0.778)
0.439

– (0.741)
0.461

Setback (-0.429)
0.669

(0.303)
0.763

(-0.404)
0.687

(0.643)
0.522

(-0.070)
0.944

Rotation:
Left (-0.288)

0.774
(0.491)
0.625

(0.430)
0.668

(-0.667)
0.506

(0.039)
0.969

Right (-0.288)
0.774

(-0.027)
0.976

(-0.667)
0.506

(-0.667)
0.506

(-1.090)
0.277

Genioplasty (0.182)
0.856

(-0.009)
0.993

(-0.394)
0.695

(-1.742)
0.083

(-0.211)
0.834

Iliac crest bone graft (0.679)
0.498

(0.442)
0.660

(-0.450)
0.654

(0.007)
0.994

(-0.122)
0.904

CopiOs® (0.515)
0.608

(0.996)
0.321

(-1.150)
0.252

(0.176)
0.861

(-0.260)
0.796

Need for detachment:
Left – (-1.657)

0.099
– (2.470)

0.014
(1.327)
0.186

Right (-1.089)
0.278

– (-0.478)
0.634

– (-1.198)
0.233

Freer:
Left – (-0.024)

0.978
– (-0.064)

0.949
(-0.550)
0.584

Right (-0.542)
0.589

– (-1.121)
0.264

– (-1.490)
0.138

Surgical detachment:
Left – (-0.616)

0.539
– (2.481)

0.014
(1.501)
0.135

Right (-0.025)
0.978

– (0.821)
0.413

– (-0.177)
0.860

The neurosensory disturbance(NSD) total includes both positive neurosensory phenomena and hypoesthesia at the lower lip and at the chin region. Hypoaesthesia
and positive neurosensory phenomena are described for the right and left sides of the mandible. Statistical analysis was by a generalised linear model for binary
outcomes using a logit link. P < 0.05 was accepted as significant.

Table 5
Stepwise model building selection of 376 patients two years after right and left sagittal split osteotomy.

Contributing factors Hyperaesthesia (right) Hyperaesthesia (left) Hypoaesthesia (right) Hypoaesthesia (left) NSD total

Age at operation Yes Yes Yes Yes Yes
Advancement Yes Yes – – –
Surgical detachment – – – Left –
Bone graft – – Yes – Yes
Genioplasty – – – Yes –
CopiOs® – Yes Yes – –

The neurosensory disturbance (NSD) total includes CopiOs® both positive neurosensory phenomena and hypoaesthesia at the lower lip and at the chin region.
Hypoaesthesia and positive neurosensory phenomena (hyperaesthesia) are described for the right and left side of the mandible.
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ificantly associated with postoperative hypoaesthesia. This
orrelation was not found on the right side of the mandible.

Stepwise model building showed that increasing age at the
ime of operation contributed to development of total NSD,
positive” neurosensory phenomena, and hypoaesthesia two
ears postoperatively (Table 5). Surgical detachment of the
AN was associated with hypoaesthesia on the left side of
he mandible. In contrast to univariate analysis, genioplasty
as associated with the development of hypoaesthesia on the

eft side. Increasing advancement of the distal mandibular
egment contributed to the development of “positive” neu-
osensory phenomena on both sides.

iscussion

n this study we prospectively evaluated the long-term inci-
ence of postoperative NSD after modified SSO. We found
hat two years postoperatively, 16% of patients experienced
ltered sensitivity of the chin, or the lower lip, or both, while
5% of patients compained of this three years postopera-
ively. This difference was not significant, indicating that two
ears’ follow-up would be sufficient to estimate long-term
eurosensory deficits.

There was no anaesthesia of the lower lip, or chin area,
r both, with the modified sagittal split technique. Consider-
ng the number of sites (376 ×  2) this is a remarkable result,
hich could be attributed to the modification of the sagittal

plit at the lower border. It is difficult to compare this result
ith those of other studies because of a lack of standard-

sed neurosensory assessment methods.19,20 Despite these
rawbacks, a meta-analysis by Verweij et al 4 reported a
ean incidence of NSD of 33.9% using subjective neurosen-

ory testing one year postoperatively. Alolayan and Leung21

eported an incidence of NSD of 13.8%/operated mandibu-
ar side two years after mandibular orthognathic surgery. Our
esults seem to be in accordance with these reports. The ini-
ial report of the BSSO technique, without the modification of
he sagittal split that was published by Politis et al,9 reported
ostoperative NSD in 21.6% of the patients. This is higher
han we found, even though the patient-specific variables and
urgical variables in that study were comparable to those in
urs. This reduction in the incidence of NSD could be the
esult of a decrease in the need for surgical detachment of the
AN.

In 2014, Politis et al also reported an incidence of NSD
f 9.4% one year postoperatively in patients who had had the
odified SSO.8 The lower incidence of NSD could be the

esult of less need for intraoperative surgical detachment of
he neurovascular bundle in the previous study (4.4% for the
ight side and 6.2% for the left side).

The secondary aim of this study was to identify possi-
le risk factors for the development of NSD. Increasing age

howed a significant association with postoperative NSD, as
n other reports.8,9,12,22 This might be explained by axonal
trophy in older patients, as well as a decreased capacity for

I
o
a

d Maxillofacial Surgery 58 (2020) 986–991

erve regeneration.22 The amount of advancement did not
orrelate significantly with postoperative hypoaesthesia, but

 significant correlation was found between the amount of
dvancement and the development of “positive” neurosen-
ory phenomena on the left side.

Westermark et al12 did not find a long-term correla-
ion between postoperative loss of IAN function and the
xtent of BSSO advancement. However, Thygesen et al13

nd Ylikontiola et al11 reported a significant correlation
etween NSD and a greater extent of advancement. Three
ausal factors might explain the development of “positive”
eurosensory phenomena. First, the altered sensations could
esult from stretching of the IAN, leading to neuropraxia or
xonotmesis.11,23 Secondly, extensive mandibular advance-
ent could both crush and stretch the IAN. Such a crushing

njury might occur at the level of the bony protuberance of
he proximolingual part of the distal mandibular segment,
s the nerve must curve around this protuberance into the
andibular canal. Thirdly, exposing the nerve throughout

he extension of the gap might prevent the desired vascu-
arisation from the vasa nervorum. This could cause hypoxia
nd ischaemia, with subsequent axonal damage and develop-
ent of NSD.24 Measuring perioperative and postoperative

xonal vascularisation and their association with resulting
erve damage could provide insights into why NSD develops.

Univariate analysis of genioplasty showed no signifi-
ant association with NSD. However, concurrent genioplasty
s considered by several research workers to be a well-
stablished risk factor (with the exception of Bruckmoser
t al14 who found no significant correlation).9,10,25

Surgical detachment of the IAN during BSSO correlated
ignificantly with the development of hypoaesthesia, which
ould be because the main surgeon was right-handed, so it
ay be more technically challenging to use the piezoelectri-

al device on the left side of the mandible.
The main limitation of this study was that the measure-

ent of NSD relied on subjective clinical examination for
lterations in sensation, which reduced the reproducibility of
he neurosensory evaluation. Additional information could
e obtained through the use of a more objective evaluation
f sensory function - for example, by quantitative sensory
esting, measuring trigeminal somatosensory evoked poten-
ials, sensory nerve action potentials, or blink reflex methods.
owever, Phillips and Essick26 reported that patients’ self-

eporting is reliable compared with objective measurement of
SD. From the patient’s perspective, subjective measurement

s probably a more representative outcome than objective
ssessment of neural damage.

onclusion
n this prospective study, we reported sensory impairment
f the lower lip of 16% at the two-year follow-up, and 15%
t the three-year follow-up. No patient presented with clin-
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cal signs of nerve transection, so the modified procedure
id not fulfil the aim of causing less neurosensory impair-
ent than previous techniques. However, it did safeguard

he IAN from transection without causing damage to the
N and VII nerve. Sensory impairment did not significantly
hange between the two- and three-year follow-up, indicat-
ng that long-term follow up of sensory impairment for up to
4 months is sufficient.

The study confirms the following risk factors for the devel-
pment of sensory disturbance of the IAN: increased age,
xtensive mandibular advancement, and surgical detachment
rocedures. The orthodontic community should therefore
emain aware that youth rather than older age is preferred
hen sagittal split osteotomy is indicated. Further techni-

al advancement in the sagittal split technique should aim to
liminate the need for surgical manipulation of the IAN.
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