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This study aims to analyse the relationship between the incidence of bad splits and the surgical tools
adopteded to perform bilateral sagittal split ramus osteotomy (BSSRO).BSSROs performed by the same
experienced surgeon period were reviewed, retrospectively. The patients were divided into three groups
according to the surgical instrument used to perform the osteotomy: a Lindemann burr, reciprocating
saw or piezosurgery. Among the 1120 BSSROs performed, 5 bad fractures were detected during the
observation period: 3 among patients operated with the Lindemann burr (0.8%) and 2 among those
operated with a reciprocating saw (0.5%). There was no significant correlation between the bad split rate
and age and gender of the patients, the type of malocclusion or the type of instrument used to perform
the osteotomy.

Within the limitations of the study it seems that the the choice of the osteotomy tool for BSSRO does
not influence the rate of bad fractures and, therefore, the selection of the osteotmy tool should be left to
the discretion of the surgeon.

© 2022 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Bilateral sagittal split ramus osteotomy (BSSRO) is routinely
used in contemporary orthognathic surgery to correct dental and
facial skeletal asymmetries and deformities.

Despite improvements in the technique and instrumentation,
BSSRO still remains a major surgical procedure, representing a
challenge for the surgeon on account of the technical difficulty.
Moreover, this surgical technique is burdened by different intra and
post-operative complications such as bad splits, bleeding, nerve
injuries, infections, pseudo-arthrosis, condylar resorption and
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cranial base fractures (Zaroni et al., 2019; Ferri et al., 2019).
Particularly significant are bad splits, namely unfavourable and
unanticipated split patterns. A recent literature review reported a
pooled incidence of 2.3% per BSSRO, with an incidence range be-
tween 0.21% and 22.72% (Chrcanovic and Freire-Maia, 2012;
Verweij et al., 2016).

The presence of impacted third molars, the age of the patient,
the surgical technique employed, the duration of the osteotomy, a
narrower distance from the mandibular canal to the buccal cortex,
an incomplete inferior border osteotomy, mandibular anatomy
variations and the surgeon's lack of expertise may represent risk
factors for bad splits (Precious et al., 1998; Kim and Park, 2007;
Kriwalsky et al., 2008; Parker et al., 2008; Beukes et al., 2013; Al-
Nawas et al., 2014; Aarabi et al., 2014; Verweij et al., 2014;
Steinbacher and Kontaxis, 2016; Friscia et al., 2017; Olate et al.,
2018; Cunha et al., 2020; Jiang et al., 2021). Nevertheless, a recent
Elsevier Ltd. All rights reserved.
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Fig. 1. Surgical instruments used to perform the mandibular osteotomies: Lindemann
burr (A), reciprocating saw (B) and piezoelectric scalpel (C).
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systematic review and meta-analysis has reported that none of
these risk factors have a strong and univocal correlation with the
incidence of bad splits (Steenen et al., 2016).

In the last decade, piezoelectric instruments have gained suc-
cess in orthognathic surgery thanks to their lower invasiveness in
the soft tissues, which reduces the risk of nerve damage and the
extent of post-operative inflammatory sequelae (Landes et al.,
2008; Pappalardo and Guarnieri, 2014; Spinelli et al., 2014;
Gonzalez-Lagunas, 2017; Martini et al., 2017; Pagotto et al., 2017;
Silva et al., 2017; Anesi et al., 2018 Rossi et al., 2018; Civak et al.,
2021; Sobol et al., 2022). However, all the studies published so far
regarding the outcomes of piezoelectric instruments compared to
traditional ones focus primarily on sensorineural deficits and in-
flammatory sequelae (Spinelli et al., 2014; Gonzalez-Lagunas, 2017;
Silva et al., 2017; Rossi et al., 2018; Sobol et al., 2022). To the best of
our knowledge, only Landes et al. (2008) have reported a compar-
ison of the rate of bad splits between the two techniques in a series
of 90 patients. In this study, patients who have undergone opera-
tions with traditional systems reported a higher frequency of bad
splits than those who have undergone operations with piezoelec-
tric instruments, 6.6% and 3% respectively. The limitations of this
study are represented by the limited case history and by the fact
that the patients, although treated in the same center, were not
always operated on by the same surgeon.

Therefore, the aim of this retrospective study was to evaluate
whether the type of instrument adopted to perform BSSRO by a
single surgeon influenced the rate of bad splits.
2. Materials and methods

2.1. Patients and surgical procedures

This is a retrospective study including patients who underwent
BSSRO surgery at the maxillofacial surgery department of the
“Federico II” University Hospital of Naples between January 2005
and January 2020. All the procedures were performed by the same
expert surgeon (M.F.) who had already performed more than 300
BSSROs at the beginning of the observation period considered in
the study. To be included in the study, patients had to meet the
following inclusion criteria: having undergone BSSRO, both
osteotomies having been performed by the same surgeon (M.F.),
aged between 18 and 55 years, and having had their lower third
molars extracted at least 6 months before surgery. The exclusion
criteria were: an alternative cause of the malocclusion other than
dysgnathia, a history of a previous mandibular fracture or surgery,
or a systemic pathology of the bone metabolism.

Patients undergoing orthognathic surgery in the considered
observation period were identified from the hospital records. For
each patient certain general data were recorded: age, gender, type
of malocclusion and any reasons for exclusion from the study. The
surgical register of each patient was then reviewed by two re-
searchers independently who included in the analysis the in-
dividuals undergoing a BSSRO by the same surgeon, recording the
type of instrument used to perform the osteotomy, the presence of
any bad fractures during the intervention and methods of treat-
ment of the latter. The postoperative radiological investigations of
all cases of bad fractures were acquired and analysed. Based on the
instrument used to perform the BSSRO (Fig. 1), the patients were
divided into three study groups:

1. Group 1 Lindemann Burr, including patients who underwent
surgery between January 2005 and April 2010

2. Group 2 reciprocating saw, including patients who underwent
surgery between May 2010 and February 2015
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3. Group 3 piezosurgery, including patients who underwent sur-
gery between March 2015 and January 2020

All the patients had undergone a pre-operative cone beam CT
scan and then traditional or virtual surgical planning (De Riu et al.,
2018, 2020) according to the type of malocclusion and the desired
facial aesthetic outcome. An osteotomy of the maxilla and/or gen-
ioplasty were associated with BSSRO if deemed necessary. The
choice of the instrumentation to accomplish the BSSRO was
dictated by the constant implementation of newer instruments in
the Department.

Due to its retrospective nature, the study was exempted from
the requirement to obtain any ethics committee approval.
2.2. Surgical procedure

In all the patients, the retromolar mucosa was incised with no.
15 scalpel with a 2 cm long incision down the lateral crest of the
external oblique ridge ending in the buccal vestibule at the first
molar region. A careful dissection of the soft tissue was performed
to expose and consequentially incise the periosteum. The
mandibular cortex was afterwards degloved first buccally to create
the space for an Obwegeser's retractor. Subperiosteal dissection
continued posteriorly and superiorly exposing the fibres of the
temporal muscle on the coronoid process, which were partially
detached with a notched elevator and retracted. Following a sub-
periosteal plane, the medial surface of the mandible was degloved
with a Freer elevator and the lingula and mandibular foramenwere
identified. To ease the visualization of the lingula a large trimming
burr was used to reduce the internal oblique ridge. Another
Obwegeser's retractor was placed to stretch the medial soft tissue
and protect the inferior alveolar nerve.
2.2.1. BSSRO procedure performed with the Lindemann Burr
A high-speed surgical drill (Stryker Corp., Kalamazoo, MI, USA)

and equipped with a Lindemann burr (Fig. 1A), was used to perform
the osteotomy lines according to the Epker's modification. A medial
osteotomy was performed approximately 4e5 mm above the lin-
gula to reach the medullary bone (Fig. 2A). Afterwards, the surgeon



Fig. 2. BSSROs performed with the Lindemann burr. 2A: lingual osteotomy. 2B: vertical
osteotomy along the external oblique ridge. 2C: buccal osteotomy. 2D: split mandible.
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performed the vertical osteotomy following the oblique external
ridge up to the space between the first and second molars with a
fissure burr reaching 5 mm in depth to be sure to have passed
through the cortex into the cancellous bone (Fig. 2B). Finally, the
surgeon performed the buccal osteotomy with the Lindmann burr
between the first and second molar until the cut was deep enough
to see the bleeding spongious bone (Houppermans et al., 2016)
with attention paid to include the cortex of the inferior border of
the mandible in the cut (Fig. 2 C).
2.2.2. BSSRO procedure performed with the reciprocating saw
The reciprocating saw (18,000 movements par minute), equip-

ped with a small ortho reciprocating blade (20 � 6 x 0,5 mm)
(Stryker Corp., Kalamazoo, MI, USA) (Fig. 1B), was introduced into
orthognathic surgery at “Federico II” University Hospital of Naples
in 2010. After the complete degloving of the mandible as described
above, the cut of the medial cortex, according to the Epker's
modification, started with a 45� angle osteotomy 3e4 mm above
the lingula and, after few millimetres in the ramus, the saw blade
was turned to proceed in the vertical osteotomy along the ramus
towards the first molar at a depth of approximately 5 mm to reach
the medullar bone. After this step, the buccal osteotomy was
accomplished, with attention paid to tilt the saw in order to include
the cortex of the inferior border in the osteotomy.
Fig. 3. Tessier spreader used to split the osteotomy.
2.2.3. BSSRO procedure performed by piezosurgery
A piezoelectric system (DePuy Synthes, Raynham, MA, USA),

equipped with saws measuring 20.9 � 14.1 � 4.0 � 0.6 mm and
20.1� 21.4� 4.0� 0.6mm (Fig.1C) was used for all the osteotomies
performed fromMarch 2015. The piezosurgery console setting was
the following: program D1, level 5, irrigation 60 ml/min. This pro-
vided a 60 Hz vibration frequency at 100% of power to speed up the
cut. With this setting, the risk of burning the bone is prevented by
means of the generous irrigation that ensures the cooling of the
545
bone without hindering the surgeon's vision of the field. The
smaller dimensions of the piezosurgical scalpel allowed the sur-
geon to perform a perpendicular cut of the medial cortex of the
mandible to achieve the Epker's BSSRO. Once the tip of the piezo-
surgical scalpel reached the medullar bone, it was rotated by 90� to
continuewith the vertical osteotomy along the ramus edge towards
the first molar. Finally, the BSSRO was completed with the buccal
osteotomy all along the body of the mandible including the inferior
border of the mandible in the cut.

Regardless of which tool was used, in every case the medial
horizontal osteotomy was refined with a 4 mm chisel to avoid any
bad splitting of the condyle. Once the osteotomy lines had been
made, a Tessier spreader was placed in the most distal part of the
vertical osteotomy (Fig. 3) and, together with a 1 cm betel, the split
was achieved, with the surgeon opening gradually the spreader and
paying attention to the anatomical integrity of the inferior alveolar
nerve (Fig. 2D).

2.3. Statistical analysis

The data were collected by means of Microsoft Excel® (Micro-
soft Corp., Redmond, WA, USA) and a Chi-square test was used to
evaluate the statistical correlation between the gender of the pa-
tients, type of malocclusion, instrument used to perform the
osteotomy and the bad split rate. The correlation between age and
bad splits was evaluated with linear regression analysis using SPSS
26.0 (IBM, Armonk, NY, USA). Significance was defined as p � 0.05.
The sample size was determined using G*power 3.1 (Heinrich
Heine University Dusseldorf, Dusseldorf, Germany) on a predicted
prevalence of bad splits of 3% in the piezoelectric surgery group and
6.6% in the saw and drill groups (Landes et al., 2008), with 80%
power and a 5%margin of error, resulting in aminimum sample size
of 405 osteotomies for each study group.

3. Results

3.1. General findings

560 patients underwent orthognathic surgery between January
2005 and January 2020 amounting to a total of 1120 BSSROs. The
study population consisted of 340 females (61.56%) and 220 males
(38.43%), with a mean age of 27 years (age range 18e54 years). The
patients were classified in accordance with the Angle's



Table 1
General characteristics of the patients.

Group 1 Lindemann Burr Group 2 reciprocating saw Group 3 piezosurgery Total p-value

Gender
Male 78 74 68 220 0.51
Female 106 116 118 340
Age (mean) 26.7 27 27.5 27 0.73
Type of malocclusion
Class I 0 2 8 10 0.06
Class II 55 64 60 179
Class III 129 119 114 362
Asymmetry 0 5 4 9
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malocclusion classification as follows: class III 362 cases; class II 179
cases and class I 10 cases. Nine patients underwent orthognathic
surgery to correct a facial asymmetry (Table 1). The study groups
were homogeneous in terms of gender, age and type of malocclu-
sion. In total, five bad splits (0.45%) were registered, all involving
the buccal plate of the proximal segment. In all cases, the bad
fracture was treated intra-operatively and fixed with plates and
screws, with care taken to solidify the proximal segment and then
fix it to the distal fragment (Fig. 4). The correlation between gender
and bad splits was not considered statistically significant.
3.2. Group 1 Lindemann Burr

Group 1 consisted of 368 BSSROs. There were 78 males (42.4%)
and 106 females (57.6%), with a mean age of 26.7 years (range
19e37 years). There were 55 class II and 129 class III malocclusions.
Bad splits occurred in three cases (0.8%). All these patients were
male, with each case involving the buccal plate with no extension
into themandibular coronoid notch or themandibular condyle. The
Fig. 4. Osteosynthesis of two of the bad fractures.

546
bad splits were fixed intra-operatively with additional osteosyn-
thesis plates (Ortognathic Plates, KLS Martin, Tuttlingen-Germany).

3.3. Group 2 reciprocating saw

Group 2 consisted of 380 BSSROs. There were 74 males (38.9%)
and 116 females (61.1%), with a mean age of 27 years (range 18e53
years). There were 2 cases of class I, 64 of class II and 119 of class III
malocclusions and 5 asymmetries. Bad splits occurred in two cases
(0.5%). Neither of these two bad splits involved the lingual plate,
coronoid or condyle process but only the buccal plate of the
mandible. Also in this group, the addition of another titanium plate
resolved the complication with no further intermaxillary fixation
then needed.

3.4. Group 3 piezosurgery

Group 3 consisted of 372 patients treated between March 2015
and January 2020. There were 68 males (36.5%) and 118 females
(63.5%), with a mean age of 27.5 years (range 18e54 years). There
were 8 class I, 60 class II and 114 class III malocclusions and 4
asymmetries. No bad splits occurred in this group (0%).

3.5. Statistical results

There was no significant correlation between the rate of inci-
dence of bad splits and the age and gender of the patient or the type
of malocclusion (Table 2). Regarding the correlations with the type
of instrument used to perform the osteotomy, the chi-squared test
was used to compare the different groups in pairs (Table 3). Again,
no significant differences were found in terms of the frequency of
bad splits between the three study groups.

4. Discussion

Nowadays, BSSRO of the mandible is the standard technique for
mandibular surgery, especially for advancement. It is performed to
Table 2
Analysis of the correlations between the general characteristics of the patients and
the bad fractures.

Bad splits Normal splits p-value

Gender
Male 2 218 0.97
Female 3 337
Type of malocclusion
Class I 0 10 0.93
Class II 1 178
Class III 4 359
Asymmetry 0 8
Age Linear regression analysis p-value 0.71



Table 3
Comparison between the groups and the related Chi-squared test results.

Group 1 vs Group 2 Normal splits Bad splits Total

Drill 315 3 318
Saw 328 2 330

643 5 648
chi-squared test ¼ 0.62 p � 0.05

Group 2 vs Group 3 Normal splits Bad splits Total

Saw 328 2 330
Piezoelectric scalpel 372 0 372

700 2 702
chi-squared test ¼ 0.13 p � 0.05

Group 1 vs Group 3 Normal splits Bad splits Total

Drill 315 3 318
Piezoelectric scalpel 372 0 372

687 3 690
chi-squared test ¼ 0.06 p � 0.05
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correct dental and facial skeletal asymmetries and deformities and,
in selected cases, to resolve obstructive apnoea as well as barbed
reposition pharyngoplasty (Montevecchi et al., 2018).

Despite improvements in the technique and instrumentation,
BSSRO procedure is not without significant complications such as
bad splits. This complication occurs with a mean incidence of 2.3%
per side and an incidence range of 0.21%e22.72% (Panula et al.,
2001; Mensink et al., 2013; Robl et al., 2014).

The bad fracture may be located either on the buccal plate of the
proximal segment (52.7%) or on the lingual plate of the distal bone
segment (42.9%) and it can involve either the coronoid process or
the condylar neck (Posnick et al., 2016). Plooij et al. categorized the
different split patterns in four lingual split scales based on the path
of the fracture line on the lingual side of the ramus (Plooij et al.,
2009). The type of surgical treatment recommended for the bad
split depends on its localization. If the bad split occurs on the buccal
plate, separating from the proximal segment, the fragment is, if
small, removed or, if large, maintained with additional fixation.
When the lingual plate separates from the distal segment, the
fragment is either removed or left in place without fixation. When
the coronoid process separates from the proximal segment, it is
removed to reduce the chance of ankylosis during the healing
process (Posnick et al., 2016).

Regarding risk factors, a systematic review and meta-analysis
published in 2016 (Steenen et al., 2016) found no significant cor-
relations between the frequency of bad fractures and the gender or
sex of the patient or the presence of third molars. On the contrary,
the authors reported that different osteotomy patterns influence
significantly the success of the splitting. Unfavourable fractures
were three times more frequent with the Dal Pont technique than
with the Epker modification (Steenen et al., 2016). The only
anatomical factor that seems to be related to an increased fre-
quency of bad fractures is the proximity of the inferior alveolar
nerve canal to the buccal plate. In contrast, the type of malocclusion
and the size of the mandibular ramus do not seem to have any
significant influence (Falter et al., 2010; Chrcanovic and Freire-
Maia, 2012; Mensink et al., 2013; Jiang et al., 2021; Wang et al.,
2022). Finally, the correlation with the surgeon's experience has
never been established with any certainty (Falter et al., 2010;
Mensink et al., 2013; Al-Nawas et al., 2014).

Although most of the authors in the literature have focused on
finding a relation between the surgical technique and complication
rate, to the best of our knowledge this is the first report that has
included a study of bad split rates in relation to the surgical tools
used. Bockmann et al. have recently conducted a comparison
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between mandibular splits made with a drill or saw on pig man-
dibles to study how different cutting shapes may influence the
bone split (B€ockmann et al., 2017). While the Lindemann burr
creates a U-shaped and filleted cut, saw cuts are thin, pin-like, non-
filleted and sharp-edged. The saw is mechanically more prone to
failure, which is desirable during splitting procedures. However,
the differences in bad split rates between the two tools was not
statistically significant. Piezoelectric surgery uses low-frequency
ultrasonic vibration for the osteotomy, combining the cutting
shape of the reciprocating saw with bone specific microvibrations
of ultrasonic frequency, sparing the noble structures and mini-
mizing the risk of damage to the soft tissues. Micrometric vibration
ensures a precise cutting action and permits peri-operative control,
with a consequent increase in safety, in a difficult-to-access
anatomical area (Vercellotti, 2004). In 2013, Gilles et al. presented
their experience performing bilateral sagittal split osteotomies
using only piezoelectric surgery tools on 83 patients without
reporting any bad fractures (Gilles et al., 2013). This result has been
traced back to a minimal tendency to deviate from the drawn path,
a more ergonomic working position and a resistance of the blade to
bend during use resulting in more predictable movements. More-
over, another advantage of the piezoelectric scalpel is that a large
dissection of the soft tissues is not necessary thanks to the small
size of the blade. To the best of our knowledge, the only study
comparing piezoelectric and traditional instruments reporting any
data on the rate of bad fractures was conducted by Landes et al., in
2008. In their series of 90 patients for each study group, the authors
found a frequency of bad fractures twice as high with traditional
instruments as with piezosurgery (Landes et al., 2008). However, in
the study this data is reported marginally and the authors did not
perform a statistical analysis to understand if this difference is
significant nor did they discuss the possible reasons. In our opinion,
the reasons could lie in the greater ergonomics of the piezoelectric
inserts that allow the surgeon to approach in an optimal way the
different mandibular areas to be osteotomized. At the same time,
the lesser traumatic effects on the soft tissues and on the inferior
alveolar nerve could give greater safety to the surgeon, who can
therefore perform more decisive and deeper osteotomy lines.
Moreover, the vibrations of the piezoelectric instruments are much
lower than those of the rotating or reciprocating tools allowing for
better intra-operative control and greater safety in performing
osteotomies of difficult access areas such as the lingual cortex or the
lower mandibular border.

However, the results of this study demonstrate that there are no
significant differences in the rate of bad fractures depending on the
type of instrument used to perform the osteotomy. In the hands of
an experienced orthognathic surgeon, all three instruments have
proven to be safe and effective in achieving correct splitting of the
mandible. The potential advantages of piezoelectric surgery are
rather to be found in the lower rate of nervous deficits, a fact which
has already been well-established. Moreover, piezosurgery has
shown a lower risk of damage due to overheating of the bone
margins during osteotomy, a condition which can lead to aseptic
necrosis or poor fracture healing (Kahnberg et al., 2005; Berengo
et al., 2006). These outcomes have not been considered in this
research. Finally, in the present study all the interventions have
been performed by the same surgeon, already well experienced at
the beginning of the observation period. It is possible that in the
hands of a novice surgeon piezoelectric instruments can allow a
better execution of the osteotomy for all the reasons mentioned
above.

This study has certain limitations. First, the number of BSSROs
included in each group is slightly lower than that determined by
the analysis of the sample size. For this reason, the study may be
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slightly underpowered and it is possible that statistical significance
may not have been found for a type 2 statistical error. Secondly, it
was not possible to perform an analysis of the influence of some
anatomical factors (such as the position of themandibular canal) on
the frequency of bad splits due to the impossibility of obtaining the
radiological investigations of all the patients included.

5. Conclusions

Within the limitations of the study it seems that the the choice
of the osteotomy tool for BSSRO does not influence the rate of bad
fractures and, therefore, the selection of the osteotmy tool should
be left to the discretion of the surgeon.
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