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A B S T R A C T

Objective: This study aimed to compare the use of a powered instrument (PI) and ultrasonic curettage device
(ULCD) with intraoperative blood loss (IOBL), drain volume (DV), calculated blood loss (CBL), and hidden blood
loss (HBL) in orthognathic surgery.
Methods: We included 163 patients who underwent bimaxillary surgery in our department. CBL was calculated
from the preoperative and postoperative hemoglobin levels using the “hemoglobin balance method.” CBL is an
indicator of the amount of perioperative blood loss. HBL was calculated by subtracting IOBL and DV from CBL.
Results: The PI group consisted of 61 patients (17 males and 44 females, age: 24.9 � 9.5 years), and the ULCD
group consisted of 102 patients (40 males and 62 females, age: 23.1 � 7.8 years). In the PI group, the median
IOBL, DV, CBL, and HBL were 540.0 (interquartile range [IQR] 380.0–670.0), 113.0 (IQR 77.0–147.0), 1000.0
(IQR 751.4–1248.6), and 285.8 (IQR 151.0–476.4) ml, respectively. In the ULCD group, the median IOBL, DV,
CBL, and HBL were 327.5 (IQR 200.0–455.0), 105.5 (IQR 75.3–136.0), 759.5 (IQR 594.9–944.2), and 294.2 (IQR
120.8–456.9) ml, respectively. IOBL and CBL were significantly reduced with ULCD use, but no significant dif-
ferences were observed in DV and HBL.
Conclusions: This study showed that IOBL decreased with ULCD use, resulting in a decrease in CBL. Conversely,
bleeding parameters (DV and HBL), which reflect the amount of bleeding that occurs after wound closure, did not
show a decrease with ULCD use.
1. Introduction

Although orthognathic surgery is generally considered a safe pro-
cedure with few intraoperative complications, massive intraoperative
and perioperative blood loss has been reported to have various adverse
effects on patients [1, 2, 3, 4]. Orthognathic surgery is an elective sur-
gery, and therefore, its associated risks need to be minimized while
ensuring high-quality treatment. There have been many studies on the
prevention and reduction of bleeding during orthognathic surgery [2, 3,
4, 5]. With this background, ultrasonic curettage devices are used to
avoid the risk of injury to blood vessels, nerves, and soft tissues. The use
of ultrasonic curettage device (ULCD) has been shown to decrease
intraoperative blood loss (IOBL) in orthognathic surgery [6, 7, 8].

Most previous studies have focused on IOBL in orthognathic surgery,
which is usually calculated by subtracting the volume of irrigation fluid
used from the total volume of fluid in the suction canister [2, 9, 10, 11].
In other various clinical trials, the weight of the surgical gauze and throat
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pack have also been added [3, 12, 13]. However, these methods cannot
account for the amount of bleeding into the tissue cavity or postoperative
bleeding. The drainage volume (DV) is also measured to ascertain the
amount of postoperative bleeding, but it does not reflect the amount of
bleeding in areas where the drain is obstructed or ineffective. In other
words, visible blood loss (VBL) may underestimate the actual amount of
blood loss attributed to surgery [3, 13]. Therefore, calculated blood loss
(CBL) is an indicator of the amount of perioperative blood loss. This
method estimates the amount of blood loss based on the patient's esti-
mated blood volume and blood parameters, such as hemoglobin and
hematocrit, and various related formulas [14]. CBL has been shown to
better capture the amount of undetected blood loss related to the timing
of the measurement [3, 4, 14].

Hidden blood loss (HBL) is also used as the parameter to obtain
specific information regarding the amount of undetected blood loss,
including the amount of blood loss that occurs following wound closure
[3]. HBL is already established as a reliable adjunct in various surgical
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specialties, such as orthopedics and spine surgery [15, 16]. Furthermore,
the increased risk of wound infection, delayed wound healing, and pro-
longed postoperative rehabilitation has been discussed in association
with HBL [17].

Although absolute blood loss, rather than relative blood loss (RBL) of
a patient's total blood volume (PTBV), is actively investigated for
assessing surgery-related blood loss [1, 18, 19, 20, 21], some studies have
introduced the concept of patient-specific RBL as an index, which is
calculated as the percentage of intraoperative blood loss divided by the
estimated total preoperative blood volume [2, 3]. This patient-specific
index may provide a more accurate representation of acceptable blood
loss.

As mentioned earlier, some reports [6, 7, 8] have shown that IOBL is
reduced with ULCD, but it is unclear whether CBL and HBL are reduced.

This study focuses on surgery-related bleeding in orthognathic sur-
gery and aims to evaluate absolute blood loss and RBL using different
indices, such as VBL, IOBL, CBL, and HBL, to determine the impact of
ULCD use on each blood loss parameter.

2. Methods

This retrospective study included 163 patients aged �16 years with
jaw deformities who underwent combined surgery of Le Fort I osteotomy
and bilateral sagittal split osteotomy in our department from January 1,
2016, to September 30, 2021. Additionally, the patients must have had
blood tests taken preoperatively and on the morning of the first post-
operative day, which were necessary to calculate the CBL. Since July
2018, our department has been performing all osteotomies in orthog-
nathic surgery with ULCD (SonopetⓇ UST-2001, Stryker, USA) serrated
aggressive knife tips instead of Powered Instruments (PI), such as
rotating bars or saws.

Patients were thus divided into two groups according to the surgery
date. The PI group consisted of 61 patients (17 males and 44 females)
who underwent surgery from January 2016 to June 2018 and utilized
rotating bars or saws, whereas the ULCD group consisted of 102 patients
(40 males, 62 females) who underwent surgery from July 2018 to
September 2021. The mean age at surgery �standard deviation was 24.9
� 9.5 years in the PI group and 23.1 � 7.8 years in the ULCD group.

2.1. Serrated aggressive knife tip of an ultrasonic curettage device

The SonopetⓇULCD consists of an ultrasonic handpiece connected to
a base control module (UST-2001) that regulates the machine's irrigation
rate, aspiration, and ultrasound power parameters. The serrated aggres-
sive knife tip blade has serrations on both sides and at the tip, with a 0.8
mm thick and 12.4 mm long blade [8] (Figure 1). Connected to a
handpiece, this tip oscillates non-rotationally up to 25,000 times per
second with a maximum longitudinal amplitude of up to 0.3 mm [8]. The
device allows 30–100% amplitude settings [8]. We set it to an amplitude
of 70–80%, which is suitable for bone cutting. The tip heats up during use
Figure 1. Serrated aggressive knife tip. The blade of serrated aggressive knife
tip is 12.4 mm long and 0.8 mm thick, with serrations on both sides and at the
tip of the blade.
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and must be cooled using room-temperature saline solution, which flows
from the dedicated tip cover connected to the handpiece to the blade;
however, no suction is available while using this tip. The length of the
dedicated tip cover can be adjusted in three steps if required. We use this
tip in orthognathic surgery by shortening the length of the dedicated tip
cover by one step and setting the saline irrigation volume to 25–30
mL/min.

2.2. Anesthesia

General anesthesia, using a combination of remifentanil and propofol,
was administered intravenously, with the addition of sevoflurane inha-
lation if indicated. Nasotracheal intubation was performed for all pa-
tients, and surgical gauze was packed around the tube in the oropharynx.
After anesthesia induction, local anesthesia (lidocaine 1%, epinephrine
1:200,000) was administered intraorally to the surgical site before the
mucosal incision was performed; 10 mL was used at the maxilla surgical
site and at the bi-mandibular surgical site each. The mean arterial pres-
sure was maintained at 60–80 mmHg.

Preoperatively, intravenous antibiotics (cefmetazole sodium; 1000
mg) were given. When surgery exceeded 3 h, an additional dose of cef-
metazole sodium (1000 mg) was administered as is routine. Patients
allergic to penicillin and cephem antibiotics were administered clinda-
mycin (600 mg). No antifibrinolytic agents were administered.

2.3. Surgical procedures

The planning method was based on cephalometric analysis and
computed tomographsy (CT), and the surgical plan was developed in
collaboration with the orthodontist. The surgeon performed a model
surgery and after finalizing the surgical plan, an intraoperative posi-
tioning splint was fabricated.

Le Fort I osteotomy was performed according to Bell's technique [22];
BSSO was performed following the Obwegeser-Dal Pont technique using
the Hunsuck and Epker modifications [23, 24]. In the PI group, a recip-
rocating saw was used for horizontal osteotomy of the maxilla in Le Fort I
osteotomy. Some rotating burs (such as Lindemann bur and round bur)
were used for cutting cortical bone in BSSO. Conversely, in the ULCD
group, the Sonopet® ULCD serrated aggressive knife tip was used for all
osteotomies and bone deletions in the maxilla and the mandible. Hori-
zontal osteotomies in the maxilla were performed with the sides of the
blade in a continuous sweeping maneuver while moving the tip back and
forth (Figure 2A); the bone around the descending palatine artery and the
pterygoid process was removed with the tip (Figure 2B). The cortical
bone in the mandible was cut with the cutting edge on the side of the
blade (Figure 2C, D). When separation of the inferior alveolar neuro-
vascular bundle from the proximal spicule was necessary, the bone sur-
rounding the neurovascular bundle was removed using the tip of the
blade, and the neurovascular bundle was separated from the proximal
spicule [8].

All procedures were performed by several surgeons with a skilled
surgeon (surgeons A, C, H, I, and K were board-certified trainers, sur-
geons B, D, F, and Gwere board-certified specialists, and surgeons E and J
were board-certified members in Oral and Maxillofacial Surgery of the
Japanese Society of Oral and Maxillofacial Surgeons) (Table 1). No cases
of multipiece Le Fort I osteotomy were included.

Operative time, which was defined as the time from the start of the
incision to the end of the suture, was measured in both groups.

2.4. Preoperative and postoperative procedures

Autologous blood donation of 400 ml or 800 ml was prepared for all
patients at least 72 h prior to surgery, and autologous blood was trans-
fused intraoperatively at the discretion of the anesthesiologist. Contin-
uous infusion of fluids (60–80 ml/h) was administered until 9:00 am the
day after surgery.



Figure 2. Le Fort I osteotomy and BSSO using serrated aggressive knife tip. A:
Bone cutting from lateral maxillary buttress to ipsilateral piriform rim at Le Fort
I osteotomy. B: Bone removal around descending palatal artery at Le Fort I
osteotomy. C: Horizontal cortical bone cutting inside the mandibular ramus at
BSSO. D: Cortical bone cutting of the external oblique ridge of the mandibular
ramus at BSSO.

Table 1. The number of operations performed by each of the surgeons involved.

Surgeon A B C D E F G H I J K

PI (n ¼ 61) 50 4 3 2 2 0 0 0 0 0 0

ULCD (n ¼ 102) 80 8 0 0 0 4 3 2 2 2 1

Overall (n ¼ 163) 130 12 3 2 2 4 3 2 2 2 1

PI, Powered instrument; ULCD, Ultrasonic curettage device.

Table 2. Formulae used to estimate CBL and HBL.

Equation Index

HBL (ml)＝CBL – VBL HBL (ml): Hidden blood loss

CBL (ml): Calculated blood loss

VBL ml): visible blood loss ＝
intraoperative bleeding þ drainage volume

Hemoglobin balance method

CBL (ml) ¼ 1000 �
(Hbloss/Hbpre)

Hbpre: preoperative hemoglobin level (g/L)

Hbloss ¼ BV � (Hbpre –
Hbpost) � 0.001 þ Hbt

Hbpost: postoperative hemoglobin level (g/L)

Hbt: total volume of blood transfusion (g)

Estimation of total blood volume

PTBV ¼ 0.3669 � H3 þ
0.03219 � W þ 0.6041
(Male)

PTBV (ml): Patient's total blood volume

PTBV ¼ 0.3561 � H3 þ
0.03308 � W þ 0.183
(Female)

H: height in metres

W: weight in kilograms
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2.5. Visible blood loss (VBL)

Visible blood loss (VBL) VBL was defined as the sum of the blood loss
in intraoperative blood loss (IOBL) and drainage volume (DV) [3]. IOBL
was the amount of blood loss starting from mucocutaneous incision to
wound closure, calculated by subtracting the amount of saline used to
clean the surgical field from the amount of fluid in the suction tube, and
taking the sum of the pre-and post-operative weight difference of the
surgical gauze. Continuous suction drains were placed on both sides of
3

the mandible and were removed on the first postoperative day; then, DV
was the total amount of blood loss from the drains.

2.6. Calculated blood loss (CBL)

Calculated blood loss (CBL) was calculated by the “hemoglobin bal-
ance method” (Table 1) based on the hemoglobin levels measured pre-
operatively and on the morning of the first postoperative day [3, 14]. The
patient's total blood volume (PTBV) was calculated by applying Nadler's
formula (Table 1) [3].

2.7. Hidden blood loss (HBL)

Hidden blood loss (HBL) was defined as the difference between VBL
and CBL [3]. Therefore, it includes the amount of undetected blood loss
during the procedure and the amount of blood loss occurring fromwound
closure to the morning of the first postoperative day. HBL was calculated
by subtracting VBL from CBL (HBL ¼ CBL-VBL) (Table 2) [3].

2.8. Relative blood loss (RBL)

Relative blood loss (RBL) (%), the percentage of blood loss to PTBV,
was calculated as BL/PTBV � 100 for the three blood loss parameters
(IOBL, CBL, and HBL) [3].

2.9. Statistical analysis

Statistical analyses were conducted using the BellCurve for Excel
(Social Survey Research Information Corporation, Tokyo, Japan), which
is an add-in software for Excel statistical evaluation., and comparisons
between the two groups for independent samples were studied using the
Brunner–Munzel test. The Brunner–Munzel test was designed to detect
differences between groups without making any assumptions regarding
the shape or continuity of the underlying distribution [25]. It is also less
susceptible to outliers and is considered to work well with a sample size
of �10 [25]. Spearman's correlation coefficient was used to evaluate the
correlation between operative time, age, body mass index (BMI), and
each blood loss parameter (IOBL, CBL, and HBL). A p-value of <0.05 was
defined as the cut-off value for statistical significance.

3. Results

The mean BMI and PTBV at surgery were 21.2 � 3.0 kg/m2 and
3785.1 � 660.0 ml in the PI group and 20.9 � 2.5 kg/m2 and 3816.1 �



Table 4. Details of the comparison based on the gender in the Powered instru-
ment group.

males (n ¼ 17) females (n ¼ 44) p-value

Mean � SD Mean � SD

Age (y) 25.4 � 10.9 24.7 � 9.0 0.9133

BMI 21.4 � 3.8 21.1 � 2.6 0.8449

PTBV (ml) 4605.5 � 485.7 3468.1 � 388.8 <0.001

Operative time (min) 228.8 � 48.7 225.7 � 43.4 0.7448

Blood loss parameters Median (IQR) Median (IQR) p-value

IOBL (ml) 580.0 (470.0–1000.0) 525.0 (368.8–617.5) 0.1066

DV (ml) 118.0 (95.0–172.0) 109.0 (76.5–130.5) 0.1715

VBL (ml) 805.0 (555.0–1118.0) 641.0 (483.0–729.8) 0.0530

CBL (ml) 1213.8 (974.9–1286.1) 924.9 (701.3–1205.5) 0.0024

HBL (ml) 285.3 (216.1–475.3) 289.9 (133.1–485.8) 0.8039

RBL-IOBL (%) 11.2 (10.2–21.1) 15.4 (9.9–19.0) 0.7840

RBL-CBL (%) 26.8 (22.2–29.2) 28.0 (19.4–35.4) 0.5884

RBL-HBL (%) 6.9 (4.6–10.7) 8.1 (4.1–14.5) 0.4307

VBL/CBL (%) 71.2 (56.1–83.1) 69.1 (49.1–83.6) 0.8283

SD, standard deviation; IQR, interquartile range; IOBL, intraoperative blood loss;
DV, drainage volume; VBL, visible blood loss; HBL, hidden blood loss; CBL,
calculated blood loss; RBL, relative blood loss; PTBV, Patient's total blood
volume.
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701.9 ml in the ULCD group, respectively, with no significant differences
between the two groups. The mean operative time was 226.6� 44.6 min
in the PI group and 251.4 � 53.6 min in the ULCD group, a statistically
significant difference (p ¼ 0.0017) (Table 3).

3.1. Analysis based on the type of osteotomy device

In the PI group, the median VBL, IOBL, CBL, and HBL were 658.0
(interquartile range [IQR] 493.0–812.0) ml, 540.0 (IQR 380.0–670.0)
ml, 1000.0 (IQR 751.4–1248.6) ml, and 285.8 (IQR 151.0–476.4) ml,
respectively. In the ULCD group, the median VBL, IOBL, CBL, and HBL
were 445.5 (IQR 315.0–551.5) ml, 327.5 (IQR 200.0–455.0) ml, 759.5
(IQR 594.9–944.2) ml, and 294.2 (IQR 120.8–456.9) ml, respectively.
VBL, IOBL, and CBL were significantly higher in the PI group than in the
ULCD group (p < 0.001). There was no statistically significant difference
in HBL values between the two groups (p ¼ 0.5373) (Table 3).

The median RBL of IOBL, CBL, and HBL was 14.4% (IQR 10.0–19.9),
26.8% (IQR 19.5–34.5), and 7.9% (IQR 4.6–13.7) in the PI group and
8.5% (IQR 5.2–11.9), 20.3% (IQR 15.8–24.8), and 7.7% (IQR 3.2–11.7)
in the ULCD group, respectively. All RBL parameters except HBL were
significantly higher in the PI group than in the ULCD group (p < 0.001)
(Table 2). Conversely, the median DV was 113.0 (IQR 77.0–147.0) ml in
the PI group and 105.5 (IQR 75.3–136.0) ml in the ULCD group, with no
statistically significant difference between the two groups (p ¼ 0.5613).
VBL/CBL (%) was 69.1% (IQR 49.7–83.1) and 59.4% (IQR 47.1–76.0) in
the PI and ULCD groups, respectively (Table 3).

3.2. Analysis based on sex

In the PI group, the mean PTBV was 4605.5 � 485.7 ml in males and
3468.1 � 388.8 ml in females, with a statistically significant difference
between them (p< 0.001). However, there was no statistically significant
difference between males and females according to their age, BMI, or
operative time (Table 4). The median IOBL was 580.0 (IQR
470.0–1000.0) ml in males and 525.0 (IQR 368.8–617.5) ml in females,
with no statistically significant difference between the two groups (p ¼
0.1.066). The median CBL was 1213.8 (IQR 974.9–1286.1) ml in males
and 924.9 (IQR 701.3–1205.5) ml in females, with a significantly higher
value in males (p ¼ 0.0024) (Table 4). The median HBL was 285.3 (IQR
216.1–475.3) ml in males and 289.9 (IQR 133.1–485.8) ml in females,
with no statistically significant difference between the two groups (p ¼
0.8039). RBL for each parameter was not statistically significant between
males and females (Table 4). The median DVwas 118.0 (IQR 95.0–172.0)
Table 3. Details of the comparison based on the osteotomy device.

Powered instrument (n ¼ 61)

Mean � SD

Age (y) 24.9 � 9.5

BMI 21.2 � 3.0

PTBV (ml) 3785.1 � 660.0

Operative time (min) 226.6 � 44.6

Blood loss parameters Median (IQR)

IOBL (ml) 540.0 (380.0–670.0)

DV (ml) 113.0 (77.0–147.0)

VBL (ml) 658.0 (493.0–812.0)

CBL (ml) 1000.0 (751.4–1248.6)

HBL (ml) 285.8 (151.0–476.4)

RBL-IOBL (%) 14.4 (10.0–19.9)

RBL-CBL (%) 26.8 (19.5–34.5)

RBL-HBL (%) 7.9 (4.6–13.7)

VBL/CBL (%) 69.1 (49.7–83.1)

SD, standard deviation; IQR, interquartile range; IOBL, intraoperative blood loss; DV,
blood loss; RBL, relative blood loss; PTBV, Patient's total blood volume.
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ml in males and 109.0 (IQR 76.5–130.5) ml in females, with no signifi-
cantly higher value in males (p¼ 0.1715). VBL/CBL (%) was 71.2% (IQR
56.1–83.1) in males and 69.1% (IQR 49.1–83.6) in females.

In the ULCD group, the mean PTBV was 4552.2 � 423.8 ml in males
and 3341.2 � 341.2 ml in females, with a statistically significant dif-
ference between them (p < 0.001). However, there was no statistically
significant difference between males and females according to their age,
BMI, or operative time (Table 5). The median IOBL was 350.0 (IQR
213.8–450.0) ml in males and 305.0 (IQR 175.0–445.0) ml in females.
There was no statistically significant difference between the two groups
(p ¼ 0.1497). The median CBL was 822.1 (IQR 649.2–1001.0) ml in
males and 724.6 (IQR 588.8–866.7) ml in females, with a significantly
higher value in males (p < 0.001) (Table 5). The median HBL was 223.8
(IQR 107.1–466.5) ml in males and 308.2 (IQR 148.7–449.6) ml in fe-
males, with no statistically significant difference between the two groups
(p ¼ 0.0095). RBL was higher in females than in males for each param-
eter, with statistically significant differences in the CBL and HBL
(Table 5). The median DV was 118.5 (IQR 91.3–152.3) ml in males and
Ultrasonic curettage device (n ¼ 102) p-value

Mean � SD

23.1 � 7.8 0.3875

20.9 � 2.5 0.5641

3816.1 � 701.9 0.9889

251.4 � 53.6 0.0017

Median (IQR) p-value

327.5 (200.0–455.0) <0.001

105.5 (75.3–136.0) 0.3770

445.5 (315.0–551.5) <0.001

759.5 (594.9–944.2) <0.001

294.2 (120.8–456.9) 0.5373

8.5 (5.2–11.9) <0.001

20.3 (15.8–24.8) <0.001

7.7 (3.2–11.7) 0.5613

59.4 (47.1–76.0) 0.0847

drainage volume; VBL, visible blood loss; HBL, hidden blood loss; CBL, calculated



Table 5. Details of the comparison based on the gender in the Ultrasonic
curettage device group.

males (n ¼ 40) females (n ¼ 62) p-value

Mean � SD Mean � SD

Age (y) 21.8 � 5.6 26.3 � 11.2 0.6530

BMI 21.2 � 2.4 20.7 � 2.6 0.0891

PTBV (ml) 4552.2 � 423.8 3341.2 � 341.2 <0.001

Operative time (min) 259.3 � 56.8 246.3 � 51.3 0.2943

Blood loss parameters Median (IQR) Median (IQR) p-value

IOBL (ml) 350.0 (213.8–450.0) 305.0 (175.0–445.0) 0.1497

DV (ml) 118.5 (91.3–152.3) 100.0 (68.5–119.8) 0.0180

VBL (ml) 485.0 (372.3–575.0) 412.0 (279.0–524.5) 0.0404

CBL (ml) 822.1 (649.2–1001.0) 724.6 (588.8–866.7) 0.1213

HBL (ml) 223.8 (107.1–466.5) 308.2 (148.7–449.6) 0.4660

RBL-IOBL (%) 7.5 (5.0–10.3) 8.9 (5.7–12.9) 0.3642

RBL-CBL (%) 17.8 (14.1–21.2) 21.6 (17.0–26.3) 0.0026

RBL-HBL (%) 5.0 (2.6–10.4) 9.1 (4.4–13.1) 0.0153

VBL/CBL (%) 68.5 (47.2–81.9) 56.0 (47.1–71.7) 0.1275

SD, standard deviation; IQR, interquartile range; IOBL, intraoperative blood loss;
DV, drainage volume; VBL, visible blood loss; HBL, hidden blood loss; CBL,
calculated blood loss; RBL, relative blood loss; PTBV, Patient's total blood
volume.
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100.0 (IQR 68.5–119.8) ml in females, with a statistically significant
difference between the two groups (p ¼ 0.0180). VBL/CBL (%) was
68.5% (IQR 47.2–81.9%) in males and 56.%0 (IQR 47.1–71.7%) in
females.
3.3. Correlation analysis

Correlations between the operative time, age, BMI, and all the pa-
rameters used in the analysis of blood loss were evaluated. The operative
time correlated with the IOBL and CBL in both the PI and ULCD groups.
Age and BMI did not correlate with each bleeding parameter and RBL in
both the PI and ULCD groups (Table 6).

4. Discussion

Although rare, serious, and fatal hemorrhage associated with
orthognathic surgery has been reported [1, 2, 8, 26]. In particular, PIs
may entrap surrounding soft tissues during orthognathic surgical bone
cutting, seriously damaging blood vessels and nerves. Excessive
bleeding during orthognathic surgery is caused by damage to large
blood vessels, including the sphenopalatine artery, descending palatine
artery, pterygoid plexus, maxillary artery, alveolar artery, and facial
Table 6. Spearman rank correlations between each blood loss parameter and
patient's demographics.

Powered instrument IOBL CBL HBL

Age 0.0098 0.1126 0.0967

BMI 0.0977 0.1622 0.0781

PTBV 0.2420 0.2483 �0.0632

Operative time 0.3699 0.3127 �0.0353

Ultrasonic curettage device IOBL CBL HBL

Age 0.1012 0.1172 �0.0016

BMI �0.0227 �0.0421 �0.00624

PTBV 0.1508 0.1572 �0.0448

Operative time 0.2207 0.3609 0.1382

IOBL, intraoperative blood loss; HBL, hidden blood loss; CBL, calculated blood
loss; PTBV, Patient's total blood volume.
Bold letters indicate p < 0.05.
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artery [8, 27]. Against this background, ULCDs have been used in
orthognathic surgery to avoid the risk of damage to soft tissues, nerves,
and blood vessels [6, 8, 28, 29]. The use of a ULCD has been shown to
reduce IOBL in orthognathic surgery [6, 8, 28, 29]. Furthermore, the
reduction rate of IOBL in this study was higher than the reduction rate
with piezoelectric devices (25–30%) [6, 7]. In contrast, operative time
with ULCDs is longer than that with Pis [6, 8, 28, 29]. In the present
study, the mean operative time in the ULCD group was significantly
longer than that in the PI group. However, the rate of prolonged
operative time was approximately 11%, which is lower than the pre-
viously reported rate of 35% [7]. The operative time is reduced because
this serrated aggressive knife tip is highly efficient in bone-cutting given
its unique shape and high output of the device, and it does not require
tip replacement [8].

IOBL is calculated by subtracting the amount of perfusate used from
the amount of fluid in the suction tube, plus the pre-and postoperative
weights related to the surgical swab and throat pack [3]. It is a practical
and widely used assessment tool [3]. Unfortunately, IOBL does not take
into account the amount of blood stored in the tissue cavity that could not
be aspirated during surgery or the amount of bleeding occurring after
wound closure. In addition, although the DV is measured to determine
the amount of postoperative bleeding, it does not reflect the amount of
bleeding at sites where drainage is occluded or ineffective. Therefore,
CBL, which represents the amount of blood loss between blood draws
based on the patient's estimated circulating blood volume and change in
hemoglobin or hematocrit level, is used as an indicator of total blood loss
for a given period, including blood loss after wound closure [3, 14, 17].
There are several formulas for CBL calculation, among which the he-
moglobin balance method has been widely adopted and is considered
more accurate in comparison with other calculation methods [3, 11].
Furthermore, it has been employed in studies on orthognathic surgery [3,
4]. Therefore, the hemoglobin balance method was employed in this
study. HBL has also been established and used in surgical specialties, such
as orthopedics and spine surgery, as a parameter to obtain specific in-
formation on the undetected blood loss, including the amount of blood
loss that occurs following wound closure [15, 16]. In these specialties,
HBL has been shown to account for a significant proportion of the total
blood loss [15, 16] and has also been used to predict postoperative
outcomes such as the increased risk of wound infection, delayed wound
healing, and prolonged postoperative rehabilitation in association with
HBL [17].

In this study, CBL in the ULCD group was significantly reduced by
24% compared to that in the PI group. These results indicate that the use
of ULCDs reduces total surgery-related blood loss. On the other hand, DV
and HBL did not differ between the ULCD and PI groups. This indicates
that the amount of bleeding that occurs after wound closure does not
differ between bone-cutting instruments and that the use of ULCDs does
not decrease postoperative blood loss. These results indicate that the
decrease in CBL with the use of ULCD is due to a decrease in IOBL. On the
other hand, the percentage of VBL to CBL in this study was calculated to
be 69.1% in the PI group and 59.4% in the ULCD group. These results
indicate that the assessment of blood loss by VBL underestimates surgical
blood loss, and furthermore, that the ULCD group tends to underestimate
surgery-related blood loss compared to the PI group.

The impact of sex on blood loss in orthognathic surgery remains
controversial [2, 3, 4]. The results of this study showed that in the PI
group, men had significantly higher CBL than women. On the other hand,
women had higher RBL than men, although no statistically significant
difference was found in IOBL, CBL, and HBL. This indicated that there
was no sex-related difference in surgery-related blood loss in the PI
group. This result is consistent with studies showing that RBL is com-
parable regardless of sex [2, 3]. On the other hand, IOBL and CBL in the
ULCD group were higher in males than in females, although RBL was
higher in females than in males. The reversal of results between absolute
and relative assessments in this study may be attributed to the fact that
the estimated total circulating blood volume was significantly higher in
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men than in women. Based on these findings, we believe that the use of
relative values in addition to absolute values when evaluating blood loss
due to surgery may enable a more accurate assessment and under-
standing of an individual's blood loss.

In addition to sex, age [2, 30], BMI [2, 30], and operative time [3, 21]
have been previously examined as factors affecting blood loss. The pre-
sent study showed that IOBL and CBL increased with increasing operative
time in the PI and ULCD groups, but there was no effect on HBL. This
result was consistent with the report of Schwaiger et al. [3]. It is note-
worthy that despite the fact that the results of this study showed an in-
crease in IOBL and CBL with increasing operative time, there was a
significant decrease in IOBL and CBL in the ULCD group compared to the
PI group, despite an increase in operative time. As mentioned earlier, the
decrease in CBL in this study was dependent on the decrease in IOBL,
which strongly suggests that the use of ULCD strongly indicates the effect
of IOBL reduction.

Hypotensive anesthesia is effective in reducing intraoperative blood
loss and improving the quality of the operative field in orthognathic
surgery, and the combination of regional and hypotensive anesthesia has
been shown to further reduce intraoperative blood loss [31]. Since
intraoperative blood pressure control and regional anesthesia use are
common in both the PI and ULCD groups in this study, we were unable to
examine the relationship between the mean arterial pressure and the use
of regional anesthesia with each bleeding parameter. In addition, the
study was retrospective and did not evaluate the quality of the surgical
field, so it was not possible to examine the effect of field quality on
operative time and each of the bleeding parameters.

The serrated aggressive knife tip is disposable andmore expensive per
piece than the powered instrument system saws and bars [8]. However,
this ultrasonic blade can perform Le Fort I osteotomy, BSSRO osteotomy,
and bone removal with a single tip. Thus, the total cost of orthognathic
surgery using this ultrasonic blade is lower than using multiple saws and
bars with a powered instrument system [8].

A limitation of this study is that hemodilution due to continuous
infusion during the postoperative blood collection period ultimately af-
fects the calculated values. Therefore, it is difficult to compare the results
of this study with other reports of CBL and HBL in orthognathic surgery,
but since the comparison of cases in our clinical department seems to be
equally affected by hemodilution, we believe it is less likely to affect the
results of this study. In addition, the age, experience of the surgeon, type
of deformity, and amount of maxillary and mandibular surgical mobili-
zation were not matched in this study, so the influence of these differ-
ences on the results cannot be excluded.

5. Conclusions

The use of ULCD decreases IOBL in orthognathic surgery. Moreover,
the decrease in IOBL was shown to decrease CBL. Conversely, bleeding
parameters (DV and HBL), which reflect the amount of bleeding that
occurs after wound closure, did not show a decrease with the use of
ULCD. Furthermore, the use of multiple bleeding parameters indicated
that conventional assessments relying on measurable bleeding under-
estimated the amount of bleeding.
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