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Is Ultrasonic Bone Scalpel Useful in Le
Fort I Osteotomy?
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Purpose: Safety and precision are 2 main goals in research to improve bone cutting in maxillofacial sur-

gery. The aim of this prospective clinical study was to analyze the outcomes using an ultrasonic bone
scalpel versus a piezoelectric surgical device and the conventional technique in a Le Fort I osteotomy.

Materials andMethods: Wedesigned a prospective, randomized, single-blind cohort study. The predic-

tor variables were the devices used to perform the Le Fort I osteotomy, divided into 3 groups: 1) ultrasonic
bone scalpel (BoneScalpel; Misonix, Farmingdale, NY), 2) piezoelectric surgical device, and 3) conven-

tional technique (Lindeman burr and reciprocal saw). The primary outcome of the study was cutting

time, whereas secondary outcomes were length of the procedure, total blood loss, intraoperative compli-

cations, and postoperative edema. Other variables of interest were age and gender. Data were analyzed us-

ing 1-way analysis of variance and the Kruskal-Wallis test.

Results: The study sample was composed of 34 patients with a mean age of 21.5 years, and 63.3% of

patients werewomen. Themean cutting time (P < .001) and length of the procedure (P= .012)were signif-

icantly shorter with the bone scalpel than with the other types of surgery. The ultrasonic bone scalpel

showed a significant reduction in intraoperative blood loss of up to 45% compared with the piezoelectric

surgical device and the conventional technique (P = .038).

Conclusions: The results of this study suggest that the ultrasonic bone scalpel is an effective ultrasonic

bone-cutting instrument in a Le Fort I osteotomy as evidenced by the significant decrease in the cutting
time, intraoperative blood loss, and postoperative edema compared with the other techniques.
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Midface deformities often occur during growth and

development owing to hereditary or acquired

disorders. These deformities cause dysfunctional,

esthetic, and phonation problems. Le Fort I osteot-

omy is one of the most commonly used orthognathic

procedures to correct midface deformities. Since the
early 20th century, the techniques for Le Fort I os-

teotomy were under constant modification and revi-

sion. Today, updates are being made in surgical

devices, technologies, and pharmacologic methods
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to minimize complications associated with Le Fort

I osteotomy.

Safety and precision are 2 main goals in research to

improve bone cutting in maxillofacial surgery. Ultra-

sonic devices have been used since 1940 for endodon-

tic and periodontal surgery.1 Recently, piezoelectric
surgery, which was introduced by Vercellotti,2 has

gained popularity because of the selective cutting

feature and vibration amplitude adjustment between

hard and soft tissue in maxillofacial surgery.3,4 The
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FIGURE 1. Osteotomy lines created using ultrasonic bone scalpel
with serrated standard blade (Misonix).
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main advantages of ultrasonic instruments are mini-

mizing damage to the soft tissue and increasing the sur-

gical view by reducing bleeding during surgery.4-6 In

addition, piezoelectric surgical devices used for

osteotomy decrease postoperative hemorrhage,

edema, and nerve damage compared with traditional

instruments in orthognathic surgery.6 However, the

main shortcoming of piezoelectric surgery is an in-
crease in bone-cutting time owing to insufficient cut-

ting power and the requirement for a conventional

saw and burr osteotomy.7,8

An ultrasonic bone scalpel, originally developed for

neurosurgical nerve decompression and spinal osteot-

omy, promises to combine the benefits of previous

piezoelectric surgical devices with improved ergo-

nomics and cutting efficiency.9 It is designed for sensi-
tive separation of bones and does not damage soft

tissues. After the success of the ultrasonic bone scalpel

in spinal osteotomy, a few studies have been published

showing its use in maxillofacial surgery.10-12

The purpose of this study was to evaluate the effec-

tiveness of the ultrasonic bone scalpel in a Le Fort I os-

teotomy. We hypothesized that the ultrasonic bone

scalpel may be an ideal instrument for maxillofacial ap-
plications. The specific aims of the study were to mea-

sure and compare cutting time, length of the

procedure, intraoperative blood loss, and postopera-

tive edema between the ultrasonic bone scalpel and

a piezoelectric surgical device, as well as conventional

cutting instruments.

Materials and Methods

STUDY DESIGN AND SAMPLE DESCRIPTION

To address the research purpose, we designed and

implemented a prospective, randomized, single-blind
cohort study, and the study protocol was approved

by the Erciyes University Human Research Ethics Com-

mittee. The study population was composed of all pa-

tients presenting for evaluation and management of

Class III dentofacial deformities between June 2017

and December 2018. Written informed consent was

obtained from all patients. The study was performed

at the Oral and Maxillofacial Surgery Hospital of the Er-
ciyes University Faculty of Dentistry. To be included in

the study sample, patients had to be young adults

(aged 18 to 30 years) with an American Society of An-

esthesiologists status of class I and had to have a den-

toskeletal deformity undergoing Le Fort I surgery, a

hemoglobin level in the normal range (12 to 14 g/dL

for female patients and 14 to 16 g/dL for male pa-

tients), and an international normalized ratio lower
than 1.5.

Patients were excluded from the study if they had

1) neuropathic disease, 2) long-term use of nonste-

roidal anti-inflammatory drugs and opioid-derived
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drugs, 3) a history of allergic reactions to drugs, 4) pre-

operative signs of inflammation such as pain and

swelling in the head and neck, 5) a history of excessive

bleeding during surgery, or 6) an incomplete follow-

up duration.
STUDY VARIABLES

Predictor Variables

The primary predictor variableswere the osteotomy
devices, divided into 3 groups. The groups were

randomly determined. In group 1 (n = 12), the lateral

wall of the maxillawas cut from the piriform rim to the

pterygomaxillary fissure bilaterally using an ultrasonic

bone scalpel (BoneScalpel; Misonix, Farmingdale, NY)

with a serrated standard blade (Fig 1), which has a

straight configuration and is 20 mm long and 1.0 mm

thick. The ultrasonic bone scalpel produces micromo-
tion at a frequency of 22.5 kHz and provides mineral-

ized tissue cutting with a vibration amplitude of 35

to 300 mm.11 Although amplitude settings of 1 to 10

are available, the setting of 7 was well suited to the

range of bone qualities encountered. In group 2

(n = 12), Piezosurgery (OT7; Mectron Medical Tech-

nology, Loreto, Italy) was used (Fig 2). In group 3

(n = 12), the conventional technique (Lindeman burr
and reciprocal saw; Karl Storz, Tuttlingen, Germany)

was used (Fig 3). The surgical procedure was per-

formed with the patient under general anesthesia

with nasotracheal intubation. A standard Le Fort I os-

teotomywas performed in all patients by the same sur-

geon (A.E.D.) (Video 1). After administration of local
niversity from ClinicalKey.com by Elsevier on May 11, 
n. Copyright ©2026. Elsevier Inc. All rights reserved.



FIGURE 2. Osteotomy lines created using Piezosurgery with insert
OT7 (Mectron Medical Technology).
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infiltration anesthesia, a mucosal incision was made

using an electric scalpel. A full-thickness mucoperios-

teal flap was raised; the lateral walls of the maxilla,

zygomatic buttress, and piriformis aperture were
exposed; and the pterygomaxillary junction was iden-

tified bilaterally. The nasal mucosa was elevated, and

the base of the nasal cavity was exposed. The ptery-

goid plates, nasal septum, and lateral nasal walls
FIGURE 3. Osteotomy lines created using conventional instru-
ments: Lindeman burr (right) and reciprocal saw (left) (Karl Storz).

Demirbas et al. Ultrasonic Bone Scalpel in Le Fort I. J Oral Maxil-
lofac Surg 2020.
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were separated with the same type of osteotomes for

standardization of the procedure. Down-fracture of

the maxilla was performed using a hook and bone

spreader after the osteotomies were completed. The

maxilla was taken to its new position with the splint,

and rigid fixation was performed using a miniplate

and monocortical screws (KLS Martin, Tuttlingen, Ger-

many) in all patients.

Outcome Variables

The primary outcome variable was cutting time.

The time needed for cutting of the lateral wall of the

maxilla from the piriform rim to the pterygomaxillary

fissure bilaterally was calculated in seconds for each in-

strument and defined as the cutting time.

The secondary outcome variables were length of
the procedure, total blood loss, intraoperative com-

plications, and postoperative edema. The length of

the procedure was recorded as the time elapsed

from the mucogingival incision to the down-

fracture in minutes. The reason for determining this

period is that the amount of movement with or

without maxillary impaction and the degree of fixa-

tion difficulty vary for each patient. These variables
adversely affect standardization and may prolong

the operation time independently of the instrument

type. Therefore, the time between the incision and

the down-fracture performed as standard in each pa-

tient was determined as the length of the procedure.

When calculating total blood loss, we measured the

amount of fluid collected by using the same type of

suction and sponge during the operation, in millili-
ters, at the end of the Le Fort I osteotomy. Actual

blood loss was determined by subtracting the amount

of irrigation solution from the total fluid volume. Dur-

ing the operation, nasal mucosa lacerations, undesir-

able fractures, and neurovascular damage were

recorded as intraoperative complications. We used

the 3dMD imaging system (3dMD, Atlanta, GA) and

3dMD Vultus software to evaluate the amount of
postoperative edema. Three-dimensional images

were taken at 3 days and at 6 months after surgery.

The images of the patients were taken at maximum

intercuspation when the lips were free and the

eyes were open. To obtain standardization on 3-

dimensional images, the anatomic landmarks of the

bilateral medial and lateral canthus, nasion, tragus,

commissure, and upper-lip white roll were deter-
mined, and the area between these points was calcu-

lated (Fig 4). Cutting time, length of the procedure,

blood loss, and postoperative edema were measured

by an unbiased researcher.

The other outcome variables were age (in years) and

gender (male or female). These variables were used

primarily for descriptive purposes and randomization,

but data analyses also were performed.
niversity from ClinicalKey.com by Elsevier on May 11, 
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FIGURE 4. The amount of postoperative edema was measured using the 3dMD imaging system and 3dMD Vultus software.

Demirbas et al. Ultrasonic Bone Scalpel in Le Fort I. J Oral Maxillofac Surg 2020.

141.e4 ULTRASONIC BONE SCALPEL IN LE FORT I
STATISTICAL ANALYSIS

A sample size of 10 patients per group was calcu-

lated to be necessary to detect a strong effect using

the Cohen approach13 with an error of 0.05 and power

of 80%when defining the sample size calculation. Data

normality was assessed using histograms, quantile-
quantile plots, and the Shapiro-Wilk test. Variance ho-

mogeneity was examined using the Levene test. To

compare the differences among groups, either 1-way

analysis of variance or the Kruskal-Wallis test was

applied for quantitative data. The Fisher exact test

was applied for qualitative data. Tukey, Siegel-

Castellan, and Bonferroni-adjusted z tests were used

for multiple comparisons. Covariance analysis
(adjusted mean: secondary outcome variables) was

used to compare the primary outcome variable (cut-

ting time) between all groups. Pearson correlation

analysis was performed for the direction and strength

of the relationship between cutting time and second-

ary outcome variables, and simple linear regression

analysis was performed to determine the cause-and-

effect relationship between primary and secondary
outcome variables. Data were expressed as

mean � standard deviation, median (first quartile to

third quartile), or frequency (percentage). Analyses

were conducted using TURCOSA (Turcosa Analytics,

Melikgazi, Turkey; www.turcosa.com.tr). P < .05 was

considered statistically significant.
Results

In this study, 36 Class III patients with maxillary ret-
rognathia underwent Le Fort I osteotomies. Two pa-

tients were excluded from the study because of lack

of postoperative follow-up records. The flowchart of

patient participation in this study is shown in
Downloaded for Anonymous User (n/a) at Bezmialem Vakif U
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Figure 5. A total of 34 patients were included in the
study, and 21 (63.3%) were women. The mean age of

the patients was 21.5 years (range, 18 to 30 years) at

the time of surgery. No statistically significant differ-

ences were found between the groups in terms of

age (P = .579) and gender (P = .227) (Table 1). The ul-

trasonic bone scalpel (group 1) was used as the cutting

instrument in 10 patients, the Piezosurgery device

(group 2) was used in 12, and the conventional instru-
ments (group 3) were used in 12.

CUTTING TIME (PRIMARY OUTCOME)

The mean difference in cutting time between the

groups is shown in Table 1. The mean cutting time

was 137.9 � 41.5 seconds in the bone scalpel group,

whereas it was 225.83� 9.17 seconds in the Piezosur-

gery device group and 219.5 � 49.9 seconds in the

conventional group. The mean cutting time was signif-

icantly shorter in the bone scalpel group than in the
Piezosurgery device and conventional groups

(P < .001) (Fig 6).

LENGTH OF PROCEDURE

The mean difference in the length of the procedure

between the groups is shown in Table 1. The mean

length of the procedure was shorter in the bone

scalpel group than in the Piezosurgery device and con-

ventional groups (Fig 7). The length of the procedure

in the bone scalpel group was significantly shorter
than that in the conventional group (P = .012).

TOTAL BLOOD LOSS

The mean difference in blood loss between the

groups is shown in Table 1. Mean blood loss was lower

in the bone scalpel group than in the other 2 groups

(Fig 8). Total blood loss in the bone scalpel group
niversity from ClinicalKey.com by Elsevier on May 11, 
n. Copyright ©2026. Elsevier Inc. All rights reserved.
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FIGURE 5. CONSORT (Consolidated Standards of Reporting Trials) flowchart of patient participation in study.
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was significantly lower than that in the conventional

group (P = .030).

INTRAOPERATIVE COMPLICATIONS

Nasal mucosa lacerations were the only complica-

tion in this study. The number of lacerations of the

nasal mucosa in the bone scalpel group was lower

than that in the other 2 groups (P = .445) (Table 1).

POSTOPERATIVE EDEMA

The mean difference in postoperative edema be-

tween the groups is shown in Table 1. The mean
amount of postoperative edema was lower in the

bone scalpel group than in the other groups (Fig 9),

and the difference between the conventional and

bone scalpel groups was statistically signifi-

cant (P = .02).
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Discussion

The purpose of this studywas to assess the effective-

ness of the ultrasonic bone scalpel in a Le Fort I osteot-

omy. We hypothesized that the ultrasonic bone scalpel
may be an ideal instrument for maxillofacial applica-

tions. The specific aims of the study were to measure

and compare cutting time, length of the procedure, in-

traoperative blood loss, and postoperative edema be-

tween the ultrasonic bone scalpel and the

Piezosurgery device, as well as conventional cutting

instruments. This study showed that the ultrasonic

bone scalpel reduced the cutting time significantly
compared with the other osteotomy devices in a Le

Fort I osteotomy.

In this study, other findings confirmed our hypothe-

sis. The mean length of the procedure was shorter in

the bone scalpel group than in the Piezosurgery device
niversity from ClinicalKey.com by Elsevier on May 11, 
n. Copyright ©2026. Elsevier Inc. All rights reserved.



Table 1. COHORT CHARACTERISTICS GROUPED BY OSTEOTOMY TECHNIQUE

Variable

Group P Value

Bone

Scalpel

(n = 10)

Piezosurgery

Device

(n = 12)

Conventional

Instruments

(n = 12)

Bone Scalpel

vs Piezosurgery

Device

Bone Scalpel vs

Conventional

Instruments

Piezosurgery

Device vs

Conventional

Instruments

Age, yr 21.4 � 2.8 22.1 � 3.3 20.9 � 2.4 .579* .596* .519*

Male gender 3 (30%) 2 (16.67%) 6 (50%) .227y .227y .227y

Cutting time,

seconds

137.9 � 41.5a 225.83 � 9.17b 219.5 � 49.9b <.001*z <.001*z .927*

Length of

procedure,

minutes

22 (21-22.75)a 26 (23.75-28.5)ab 27,5 (26.5-31.5)b .265* .012*z .285*

Blood loss, mL 107.5 � 28.98a 157.5 � 61.51ab 194.16 � 107.14b .281* .03*z .466*

Postoperative

edema, cm2
8.39 � 6.42a 16.10 � 6.37ab 19.84 � 13.16b .149* .02*z .597*

Nasal mucosa

perforation

2 (10%) 4 (16.70%) 6 (25%) .445y .445y .445y

Note: Data are expressed as number (percentage), mean � standard deviation, or median (first quartile to third quartile).
Different superscript letters in the same row indicate statistically significant differences between groups.
* One-way analysis of variance.
y Pearson c2 test.
z Statistically significant result (P < .05).
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and conventional groups. Mean blood loss was lower in
the bone scalpel group than in the other 2 groups. The

number of lacerations of the nasal mucosawas lower in
FIGURE 6. Cutting time in all
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the bone scalpel group than in the other 2 groups. The
mean amount of postoperative edemawas lower in the

bone scalpel group than in the other groups.
groups. Tec., technique.

rg 2020.
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FIGURE 7. Length of procedure in all groups. Tec., technique.

Demirbas et al. Ultrasonic Bone Scalpel in Le Fort I. J Oral Maxillofac Surg 2020.

DEMIRBAS ET AL 141.e7
In the neurosurgical literature, high clinical success

rates were shown for the ultrasonic bone scalpel.14-16

However, very few studies on its use in orthognathic

surgery have been performed. In orthognathic
FIGURE 8. Total blood loss in a
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surgery, there are many studies comparing

Piezosurgery and surgery with conventional

instruments.6,17-21 The advantages of Piezosurgery are

the ability to adjust the vibration frequency, the
ll groups. Tec., technique.

rg 2020.
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FIGURE 9. Postoperative (Post-op) edema in all groups. Tec., technique.
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minimal risk of damage to the soft tissue, and the

increase in the field of view of the surgeon by

reducing the amount of bleeding during the

operation.4,5,22 On the other hand, most of these

studies reported that the longer cutting time on cortical

bone is considered more disadvantageous compared
with the conventional instruments.6,21 However, in a

systematic review published by Pagotto et al,17 no dif-

ference in operation time was found between Piezosur-

gery and conventional osteotomies. According to the

results of our study, the Piezosurgery technique had a

longer cutting time than the conventional technique,

but this difference was not statistically significant. In

addition, the length of the procedure was shorter in
the Piezosurgery group, in contrast to the cutting

time. The main reason for this result may be that Piezo-

surgery provides less soft tissue injury at the site of the

operation. The most important disadvantage of Piezo-

surgery is that the cutting power in the cortical bone

is not as adequate as that of conventional instruments.

The results of this study showed that the cutting time

and the length of the procedure were significantly
shorter in a Le Fort I osteotomy using the ultrasonic

bone scalpel compared with the other instruments

(P < .05). The ultrasonic bone scalpel can eliminate

the disadvantage of slow bone cutting of ultrasonic de-

vices by making a faster cut than can be made with a

Piezosurgery device. The main reasons for the faster

cut are that the ultrasonic bone scalpel has a greater cut-

ting surface area like a reciprocal saw and cuts the
Downloaded for Anonymous User (n/a) at Bezmialem Vakif U
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mineralized tissue at a rate of up to 300 mm/second

whereas the Piezosurgery instrument cuts at a rate of

up to 200 mm/second. Dammous et al10 reported that

there was no significant difference between the bone

scalpel and the conventional technique in terms of

the cutting time in a Le Fort I osteotomy in their cadav-
eric study. In our prospective clinical study, the ultra-

sonic bone scalpel showed a statistically significantly

shorter cutting time than the Piezosurgery and conven-

tional instruments (P < .001).

Shortening the operation time reduces the risk of

complications due to general anesthesia. The safety

of airway control and successful cardiopulmonary

regulation are directly related to a short operation
time. The amount of blood loss was reported to in-

crease by 18% when the operation time was over

3 hours in orthognathic surgery.23 In this study, the

effect of the instrument type used in a Le Fort I

osteotomy on the amount of intraoperative blood

loss also was investigated. In many studies comparing

different instruments in the literature, intraoperative

blood loss has been calculated as the difference
between the total amount of physiological fluid and

the total amount of aspirated fluid during the opera-

tion.6,8,24 In this study, the amount of intraoperative

blood loss was significantly lower in patients who un-

derwent osteotomy using the ultrasonic bone scalpel

compared with the other 2 instruments. Mean blood

loss in the bone scalpel group decreased by 31% and

45%, respectively, compared with the Piezosurgery
niversity from ClinicalKey.com by Elsevier on May 11, 
n. Copyright ©2026. Elsevier Inc. All rights reserved.
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and conventional techniques. In parallel to this study,

a study by Silva et al12 reported a 49% reduction in

the average volume of blood loss using the ultrasonic

bone scalpel compared with a reciprocal saw in

temporomandibular joint surgery. Pagotto et al17

compared Piezosurgery and conventional instru-

ments in orthognathic surgery in a meta-analysis

study and reported that the amount of total blood
loss was lower when the Piezosurgery device was

used. Moreover, it has been reported that the bone

scalpel significantly reduces blood loss compared

with conventional instruments in neurosurgical oper-

ations.9 The lower amount of blood loss also reduces

the necessity for blood transfusion and its associated

risks and increases the quality of the view of the sur-

gical field during the operation. In this study, signifi-
cantly less blood loss was obtained in a Le Fort I

osteotomy using the ultrasonic bone scalpel

compared with the other instruments. The main

reason for this result may be the shortening of the

osteotomy and the operation time.

Silva et al12 reported that there was a reduction in

the requirement to protect adjacent soft tissues during

bone cutting. Laceration of the nasal mucosa during a
Le Fort I osteotomy increases bleeding, negatively af-

fects the quality of the view of the surgical field, and

leads to prolongation of the operation time. In this

study, only 2 of the 20 osteotomies using the ultrasonic

bone scalpel had lacerations in the nasal mucosa. How-

ever, laceration of the nasal mucosa may occur during

osteotomy, as well as during dissection and down-

fracture of the maxilla.
Soft tissue damage, excessive bleeding, and pro-

longed operation time affect postoperative

edema. Spinelli et al6 reported in their study that ultra-

sonic systems reduce postoperative swelling. Howev-

er, in the literature, there are few studies

investigating the effect of the instrument used during

osteotomy on edema in orthognathic surgery.15 The

effect of the ultrasonic bone scalpel on postoperative
edema in orthognathic surgery was first shown in our

study. According to the results of this study, postoper-

ative swelling was the least in the bone scalpel group.

The incidence of postoperative swelling after osteot-

omy was significantly lower in the bone scalpel group

than in the conventional group (P = .025).

The strengths of this study include the prospective,

randomized study design; the comparable results to
those of previous studies; the fact that all osteotomies

were performed in all patients by the same surgeon;

and the multivariate statistical analysis. The weak-

nesses of the study include the limited study sample

and single-blind design. In addition, differences in

bone quality, bleeding, and the postoperative edema

response among patients may affect the results of

the study.
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The ultrasonic bone scalpel is a safe and effective

ultrasonic bone-cutting instrument that can be used

to facilitate osteotomies in orthognathic surgery. This

instrument significantly reduces the cutting time

compared with the other osteotomy devices

commonly used in orthognathic surgery. Future

studies are needed to investigate the effectiveness of

the ultrasonic bone scalpel with large sample sizes
and different osteotomy types and variables.
Supplementary Data

Supplementary Video associated with this article

can be found in the online version at https://doi.org/

10.1016/j.joms.2019.09.021.
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