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The relationship between neurose
nsory disturbance of the
inferior alveolar nerve and the lingual split pattern after

sagittal split osteotomy

Gerardo Martinez�de la Cruz, DDS, PhD,a Kensuke Yamauchi, DDS, PhD,b Shizu Saito, DDS,c

Hikari Suzuki, DDS, PhD,d Yoshihiro Yamaguchi, DDS, PhD,e Yoshihiro Kataoka, DDS, PhD,f

Shinnosuke Nogami, DDS, PhD,g and Tetsu Takahashi, DDS, PhDh
Objective. The aim of this study was to evaluate the relationship between neurosensory disturbance (NSD) and the different types

of bilateral sagittal split osteotomy (BSSO) lingual fracture created.

Study Design. The study group consisted of 45 patients with mandibular deformities (90 sides; 14 males and 31 females). Com-

puted tomography (CT) scans were obtained preoperatively and 1 week postoperatively. All patients were divided into lingual

fracture line groups on the basis of their postoperative scans. NSD was tested preoperatively and 1, 3, and 12 months postopera-

tively by using a sensory touch Semmes-Weinstein (SW) test and the 2-point discrimination (TPD) test.

Results. Patients were divided into 2 groups on the basis of their lingual fracture lines after mandibular BSSO; among the 45 patients,

39 sides (43.3%) had short-splits, and 51 sides (56.7%) had long-splits. The short-split group was less affected at all tested times, and

the difference between the 2 groups was significant 1 month postoperatively on TPD test but not at other times on the both tests.

Conclusions. The split type did not affect the NSD incidence at 3 and 12 months postoperatively. (Oral Surg Oral Med Oral Pathol

Oral Radiol 2020;130:373�378)
Bilateral sagittal split osteotomy (BSSO) is widely

used to correct jaw deformities. Its benefits include cor-

rection of the skeletal class, affording better masticatory

function, reduced temporomandibular joint pain,

improved facial aesthetics, and alleviation of obstructive

sleep apnea.1-3 BSSO is performed close to the inferior

alveolar nerve (IAN), which often is damaged by the pro-

cedure.4 Maxillofacial surgical procedures pose signifi-

cant risks of injury to sensory branches of the trigeminal

nerve, and the IAN damage explains most BSSO postop-

erative complications.5,6 Sensation and sensory function

are often impaired but not completely lost, and only a

small proportion of patients develop posttraumatic neuro-

pathic pain.7,8 Factors causing IAN neurosensory distur-

bance (NSD) include neurovascular bundle compression

by bone fragments, direct mechanical stimulation of the
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nerve or indirect damage caused by surgical instruments,

and movement of distal bone fragments.9,10 IAN damage

can include complete or partial transection, extension,

compression, crushing, or ischemia.11

A few studies have investigated fracture patterns by

using 3-dimensional (3-D) cone beam computed tomog-

raphy (CBCT) data reconstructions.12-16 In most studies,

BSSO was performed according to the popular Hunsuck

modification: The medial cortical osteotomy is extended

just posterior to, or above, the mandibular foramen, creat-

ing a fracture through or behind the foramen and reducing

the splitting area.17 Plooij et al. were the first to use a 3-D

method to describe and classify lingual fracture patterns

after mandibular BSSO.14 These patterns are usually

divided into 4 or 5 categories, and although the evaluation

and classification methods differ, it is agreed that such

reconstructions control the postoperative fracture line.

NSD is difficult to assess in a standardized manner

because it highly subjective (relying on patient-provided

information), and correct testing and interpretation are

dependent on the skill of the evaluators. Because there is

no clear consensus on how patients should be evaluated

after surgery, clinicians commonly use a few simple,

rapid sensory tests: The 2-point discrimination (TPD) test

and the light touch test. Weber et al. first introduced the

former in 1853 to determine “the distance between
Statement of Clinical Relevance

The lingual split pattern at bilateral sagittal split

osteotomy did not affect the neurosensory distur-

bance incidence by testing with the Semmes-Wein-

stein and 2-point discrimination at 3 and 12 months

postoperatively.
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Fig. 1. A, Split pattern type I: Fracture runs through the man-

dibular canal. B, Split pattern II: Fracture runs from the lin-

gual to the inferior border. C, Split pattern III: Horizontal

pattern of fracture, extends to the posterior border.
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compass points necessary to feel two contacts.”18 Sensory

testing methods are not widely used, and many clinicians

prefer to question patients in terms of altered facial sensa-

tions, especially in the lower lip and the chin.

To the best of our knowledge, no study has yet

addressed the relationship between mandibular split pat-

terns after BSSO and the NSD rate. The aim of this

study was to evaluate the relationship between NSD and

the different types of BSSO lingual fracture created.

MATERIALS ANDMETHODS
The Institutional Ethics Committee of Tohoku Univer-

sity approved the present retrospective study (No. 2017-

03-015), which was conducted in accordance with the

principles of the Helsinki Declaration. G*Power soft-

ware (version 3.1.9.4) was used for sample size calcula-

tion with a power of significance of 80%. At a

minimum, 39 patients were required for the study.

Sixty-two patients underwent BSSO in the Division

of Oral and Maxillofacial Surgery of Tohoku Univer-

sity Hospital (Sendai, Japan) from April 2014 to Sep-

tember 2015. Those who underwent inverted L-shaped

osteotomies or genioplasty, and those who developed

abnormal fractures after BSSO, were excluded. We

included 45 patients with mandibular deformities (90

sides; 14 males and 31 females). Of the 45 patients, 4

had skeletal class I deformity, 5 had class II deformity,

and 36 had class III deformity. Mean ages were

26 years for males (range 19�50 years) and 26.4 years

for females (range 18�46 years). Preoperative radio-

graphic evaluation, clinical examination, and planning

were identical for all patients. Informed written consent

was obtained from each patient after he or she received

an explanation regarding treatment. All surgeries were

performed by 2 surgeons with 31 and 17 years of expe-

rience, respectively; one surgeon operated on 23

patients and the other on 22 patients. Both surgeons

had been working together for 14 years, and there were

no significance differences between their results.

Surgery
The mandibular third molars were removed at least 4

months before surgery in all cases. The operations were

performed with patients under general anesthesia after

additional induction of local anesthesia with lidocaine

plus adrenaline in the surgical area. The surgical technique

was that of Dal Pont. Using a fissure bar, we positioned

the horizontal medial cut as close to the lingual side as

possible. A burr was used to continue the cut anteriorly,

medial to the external oblique ridge. At the second molar

teeth, the osteotomy proceeded vertically to the inferior

border of the mandible. A thin osteotome was part-mal-

leted to this section (from the anterior area). When con-

firming the mandibular split, we ensured that the

neurovascular bundle was not in the proximal segment.
Finally, a bone spreader was used to complete and sepa-

rate the split. Semi-rigid fixation was achieved using 4- or

6-hole miniplates and monocortical screws (Stryker, Frei-

burg, Germany). Intermaxillary fixation was employed for

about 4 days postoperatively, and elastic guidance was

used to stabilize the occlusion. After surgery, patients

were given vitamin C daily for 1 week.

CT scans were obtained 1 week after surgery by

using a Toshiba Aquilion platform (Toshiba, Otawara,

Japan), with a slice thickness of 0.5 mm and scan time

of 0.35 seconds. Transverse scans of the head were col-

lected parallel to the mandibular occlusal plane, from

the level of the temporomandibular joint to the infra-

mandibular margin. All scans were later evaluated with

the aid of WeVIEW Z V1.0 (Hitachi Medical Corpora-

tion, Tokyo, Japan) viewer software.
CT scan evaluation
All patients were divided into lingual fracture line

groups on the basis of their postoperative scans. The sag-

ittal split pattern was subdivided into 3 types: in type I,

the fracture line ran through the mandibular canal to the

inferior border of the mandible; in type II, the fracture

was created by using the Hunsuck technique; thus, a ver-

tical fracture line was created from the lingula to the

inferior border of the mandible; and in type III, a hori-

zontal fracture line running to the posterior border of the

ramus was created (Figures 1A, 1B, and 1C). Types I

and II were considered short splits, and type III was con-

sidered a long split. All CT scans were examined by a

single experienced clinician, who has been working in

our department for over 9 years (Figure 2).
Tactile sensory tests
Bilateral NSD was tested preoperatively and 1, 3, and

12 months postoperatively by using a sensory touch

test (the Semmes-Weinstein [SW] monofilament kit)

and the TPD test (Sakaimed, Japan). SW monofila-

ments are calibrated, single-fiber nylon threads that are

identified by values ranging from 1.65 to 6.65 and that

generate reproducible buckling stresses, ranging from

0.008 to 300 g. Higher monofilament values indicate



Fig. 2. Split pattern types divided into short and long split

groups. Split pattern types I and II belong to the short group,

and split pattern type III belongs to the long group.
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greater monofilament stiffness. The TPD test evaluates

the ability to discriminate between 2 points on a Dellon

disk that are simultaneously applied to the skin under

light pressure with the patient’s eyes closed. The 2

points are gradually separated until the patient feels 2

separate points. The separation ranges from 1 to

20 mm. Bilateral sensory testing was performed by 2

experienced clinicians, who used an identical protocol;

the test sites included the median region of the chin

(1 cm from the mandibular symphysis), the paramedial

region (2 cm), and the mental foramen (3 cm).
The SW test
Bilateral testing was performed with the patient sitting

with eyes closed; the test areas were selected in random

order. Each test was performed 4 times in each area of

interest; monofilaments were applied in ascending

order of stiffness. When the stimulus was felt 3 times,

the test was considered positive. Patients who

responded postoperatively to only those filaments that

were stiffer than those to which they responded preop-

eratively were considered to have NSD.
Table I. Number of sides in each type of split pattern.

Right side Left side Total

Type I 2 3 5 (5.5%)

Type II 16 18 34 (37.8%)

Type III 27 24 51 (56.7%)
TPD test
Bilateral testing was performed with the patient sitting

with eyes closed; the test areas were selected in random

order. Both points were simultaneously positioned in the

area of interest and gradually separated until the patient

perceived 2 points; ascending and descending stimuli

were then applied to verify the result. The test was con-

sidered positive when the patient initially correctly dif-

ferentiated 2 points on three occasions. Patients who

postoperatively perceived 2 points only at distances that

were at least 3 mm longer than those they perceived

before surgery were considered to have NSD.
Statistical analysis
The x2 test was used to compare the differences in sen-

sory test results between the long- and short-split-pat-

tern groups at 1, 3, and 12 months after surgery.
RESULTS
Patients were divided into 3 groups on the basis of their

lingual fracture lines after mandibular BSSO; among

the 45 patients, 5 sides (5.5%) had type I splits, 34

sides (37.8%) had type II splits, and 51 sides (56.7%)

had type III splits (Table I). Seventy-two sides were of

skeletal class III (5 sides of type I, 22 of type II, and 45

of type III); 10 sides were of skeletal class II (9 sides of

type II, 1 of type III); and 8 sides were of skeletal class

I (3 sides of type II and 5 of type III).

In the long-split group, the TPD test revealed that 16

sides experienced NSD at 1 month, 6 sides at 3 months,

and 7 sides at 1 year postoperatively. The SW test

revealed that 14 sides experienced NSD at 1 month, 2

sides at 3 months, and 2 sides at 1 year postoperatively.

In the short-split group, the TPD test revealed that 7

sides experienced NSD at 1 month, 1 side at 3 months,

and 3 sides at 1 year postoperatively. The SW test

revealed NSD in 7 sides at 1 month, 2 sides at 3

months, and 2 sides at 1 year postoperatively

(Table II). In total, the TPD revealed NSD in 23 sides

at 1 month, 7 sides at 3 months, and 10 sides at 1 year

after surgery.

According to the SW test, NSD affected 21 sides at 1

month, 4 sides at 3 months, and 4 sides at 1 year post-

operatively (Table III). The short-split group was less

affected at all tested times, and the difference between

the 2 groups was significant 1 month postoperatively

but not at other times.
DISCUSSION
Few studies have evaluated the fracture patterns after

BSSO, but we believe that this is important in terms of

postoperative NSD. Plooij et al. found that 51% of frac-

ture lines ran through the mandible when the Hunsuck

modification was employed (33% through the mandib-

ular canal), and 13% extended to the posterior border.14

Song and Kim et al. found that such fractures

accounted for approximately 60% of all procedures.16

Muto et al. reported that only 33% of split patterns ran

behind the mandibular foramen through the lingual

cortex.13 Dreiseidler et al. used the Obwegeser-Dal



Table II. NSD results between long and short splits, and between the sensory tests: comparison of preoperatively

and 1 month, 3 months, and 1 year postoperatively*

TPD test SW test

Short (type I, II) Long (type III) P value Short (type I, II) Long (type III) P value

Preoperative/1 month 7 (17.9%) 16 (31.3%) .04 7 (17.9%) 14 (27.4%) .103

Preoperative/3 months 1 (2.5%) 6 (11.7%) .122 2 (5.12%) 2 (3.9%) .613

Preoperative/1 year 3 (7.6%) 7 (13.7%) .328 2 (5.12%) 2 (3.9%) .613

NSD, neurosensory disturbance; SW test, Semmes-Weinstein test; TPD test, 2-point discrimination test.

*Percentage according to total number of sides in short and long groups.

Table III. Total NSD results, long and short split

groups together*

TPD test SW test

Preoperative/1 month 23 (25.5%) 21 (23.3%)

Preoperative/3 months 7 (7.7%) 4 (4.4%)

Preoperative/1 year 10 (11.1%) 4 (4.4%)

NSD, neurosensory disturbance; SW test, Semmes-Weinstein test;

TPD test, 2-point discrimination test.

*Percentage according to total number of sides.
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Pont modification and reported a Hunsuck fracture pat-

tern of 40%.15 All studies except the latter used the

Hunsuck modification. We employed the Dal Pont sur-

gical technique; 2 experienced surgeons used the same

technique and materials, extending the medial bone cut

toward the posterior border before aligning the cut to

the inferior border of the ramus to increase the splitting

surface by completely mobilizing each segment. Our

data differ from those of Plooij et al. and of Song and

Kim et al.: 37.5% of our fracture lines were of type II

(the Hunsuck type), as also found by Muto et al. and

Dreiseidler et al. However, some of our data differed;

5.5% of our fractures were of type I (the fracture line

ran through the mandibular canal), and 56.7% were of

type III (the fracture line extended to the posterior bor-

der of the ramus). Plooij et al. were the first to classify

lingual fractures; 4 split patterns were proposed; Muto

et al. identified 5 patterns, and Dreiseidler et al. identi-

fied 27.13-15 Based on Plooij et al.’s classification, we

decided to simplify our results into 3 patterns and

divide them into “long” or “short” group to better fit

our purposes in this study.

The development of NSD after BSSO is a well-

known complication of orthognathic surgery. Wester-

mark et al. found that the incidence was 0% to 85%,

reflecting different follow-up times, the lack of reliable

standardized tests, and various definitions of nerve

damage.19 Our NSD incidence was 23.3% to 25.5% 1

month postoperatively, depending on the sensory test

used. As the IAN is located within the osteotomy area,

the risk of nerve damage exists at several stages of

BSSO. Dissection of soft tissues medial to the mandib-

ular ramus may compress or stretch the IAN;
mandibular sawing and splitting may lacerate or cut

the nerve; mandibular advancement may stretch it; and

osteotomy fragment fixation may compress it. Addi-

tionally, individual mandibular features may increase

the risk of nerve damage. Postoperative NSD is, thus,

very common; the recovery period varies individually,

but most patients do recover.20 Van Sickels reported

significant NSD findings in patients 35 years and older

compared with younger patients immediately after sur-

gery and over time, at 1 week and 6 months, respec-

tively.21 Recovery is most marked during the first 3

months after surgery,22 which is consistent with our

findings. On TPD testing, postoperative NSD fell from

25.5% to 7.7% 3 months; on SW testing, NSD

decreased from 23.3% to 4.4% over the same period,

and it was eliminated by 1 year.

Nerve degradation is triggered by trauma and is cate-

gorized as neurapraxia, axonotmesis, or neurotmesis.23

The most common trauma after orthognathic surgery is

neurapraxia causing paresthesia; compression during

BSSO triggers demyelinating lesions that patients usu-

ally recover from during the first 4 postoperative

months. Deumens et al. found that nerves generally

regenerated at a rate of 1 to 3 mm/day.24 Gianni et al.

reported improvements in NSD for up to 1 year after

BSSO25; at least 2 of our patients reported improve-

ments 1 year after surgery (compared with 3 months).

Recovery is a complex process involving cellular and

molecular signaling. After recovery, sensorial changes

may be evident, attributable to anatomic or functional

alterations in the nerve or in the central nervous system.

The long-split group experienced more NSD com-

pared with the short-split group on both tests 1 month

postoperatively, and they also did so at 3 months and 1

year after surgery on the TPD test but not on the SW

test. However, except for the TPD test data at 1 month

postoperatively, the differences were not significant. It

seems that the type of split does not affect the NSD

risk in the long term.

No standardized method for estimating IAN NSD is

available, and we used 2 of the most common subjec-

tive tests. The TPD test assesses the quantity and den-

sity of functional sensory receptors and afferent fibers;

the small myelinated A-delta and unmyelinated C-
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afferent fibers are assessed if sharp points are used, and

the larger myelinated A-alpha afferent fibers are

assessed if blunt points are used. The SW test assesses

the status of myelinated afferent A-beta axons (pres-

sure receptors) susceptible to compression injury.

Other sensory tests include subjective nociceptive tests

using pins and hot probes. Objective sensory tests

afford more reliable and sensitive results but are not

used clinically because they are expensive and time-

consuming. One common objective test involves elec-

trophysiologic evocation of trigeminal somatosensory

potentials; peripheral nerves are electrically stimulated

with small (safe) pulses at several points.26,27

We found that the TPD test was very subjective, thus

poorly reproducible and unreliable; moreover, the

results varied extensively and were often inconsistent.

The SW test was more reliable and consistent28; we

agree with other authors that this should be the gold

standard of sensory tactile tests. Problems with the

TPD test have been discussed in many studies. For

example, Rosen et al. suggested that the 2 points have

to be applied at absolutely the same time; if not, the 2

points may be distinguished on the basis of temporal,

rather than spatial, considerations, reflecting the confu-

sion of the patient, who then provides erroneous infor-

mation.29 TPD data can be influenced by gender, age,

the applied force, and the tip bluntness or sharpness.30-

32 Won et al. reported that females were more sensitive

than males, perhaps because of a higher mechanorecep-

tor density in the orofacial region.33

We observed a higher incidence of TPD-indicated

NSD at 1 year (11.1%) than at 3 months (7.7%) postop-

eratively; we believe that this reflects the unreliability

of the test. The TPD test remains very controversial,

particularly given the lack of a standardized protocol,

but it remains commonly used because it is simple.

The TPD test should not be the sole method used; the

SW test, or pin tactile discrimination test, is also

required. Additionally, inexperienced clinicians require

training before using the TPD test.

We found that the split type did not affect the NSD

incidence; in future studies, we will explore whether

the depth and area of the mandibular foramen are rele-

vant in this context. Further studies are necessary to

help us better understand the most common complica-

tion of BSSO.
CONCLUSIONS
The split pattern did not affect the NSD rate except at 1

month postoperatively (TPD test).
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