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Abstract

Background: Excessive bleeding is a major intraoperative risk associated with orthognathic surgery. This study
aimed to investigate the factors involved in massive bleeding during orthognathic surgeries so that safe surgeries
can be performed. Patients (n=213) diagnosed with jaw deformities and treated with bimaxillary orthognathic
surgery (Le Fort I osteotomy and bilateral sagittal split ramus osteotomy) in the Department of Oral and
Maxillofacial Surgery at the Suidobashi Hospital, Tokyo Dental College between January 2014 and December 2016
were included. Using the patients’ medical and operative records, the number of cases according to sex, age at the
time of surgery, body mass index (BMI), circulating blood volume, diagnosis of maxillary deformity, direction of
maxillary movement, operative duration, incidence of bad split, injury of nasal mucosa, and blood type were analyzed.

Results: The results revealed that BMI, circulating blood volume, nasal mucosal injury, and operative time were
associated with the risk of intraoperative massive bleeding in orthognathic surgeries. Chi-square tests and binomial
logistic regression analyses showed significant differences in BMI, circulating blood volume, direction of maxillary
movement, operative duration, and injury to the nasal mucosa. Operative duration emerged as the most important risk
factor. Furthermore, a >4-mm upward migration of the posterior nasal spine predicted the risk of massive bleeding in
orthognathic surgery.

Conclusions: The upward movement of the maxilla should be recognized during the preoperative planning stage as a
risk factor for intraoperative bleeding, and avoiding damage to the nasal mucosa should be considered a requirement
for surgeons to prevent massive bleeding during surgery.

Keywords: Orthognathic surgery, Risk factors, Intraoperative bleeding, Surgical planning, Bimaxillary surgery

Background
Owing to the recent development of surgical instru-
ments and improvements in surgical procedures that
have led to increased safety, orthognathic surgery is now
a widely performed and important specialization within
oral and maxillofacial surgery. With the inclusion of

surgical orthodontic treatment in the Japan’s National
Health Insurance coverage in 1990 and its increased so-
cial recognition, orthognathic surgery is now performed
in many Japanese institutions [1, 2]. Orthognathic sur-
gery is often performed on patients who are in good
health, and it is important to perform the surgery with a
greater emphasis on safety. In addition, due to changes
in the esthetic and functional requirements of patients,
more precise surgery is required. Therefore, a variety of
surgical instruments and methods as well as surgical
support software and devices based on digital technology
have been actively developed [3–5].
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The incidence of intraoperative and postoperative
complications in orthognathic surgery is reported to be
6.1–9.0% [6–11]. In particular, major bleeding related to
the patient’s general condition has been reported to
occur in 0.085–1.1% of patients. Studies that report
maxillary osteoplasty (Le Fort type I osteotomy) alone
[12–15] have been previously performed, and a case of
massive bleeding requiring ligation of the external ca-
rotid artery has been reported [13]. The causes of
massive bleeding in orthognathic surgery include injury
to the facial artery, maxillary artery, inferior alveolar ar-
tery, sublingual artery, posterior mandibular vein, and
pterygopalatine venous plexus in mandibular surgery,
and injury to the pterygopalatine venous plexus, maxil-
lary artery, and descending palatine artery in maxillary
surgery. However, the risk factors involved in intraopera-
tive bleeding during orthognathic surgeries have not yet
been investigated in detail.
A detailed assessment of bleeding risk at the time of

surgery is important to ensure a safe surgery. In
addition, preoperative evaluation of bleeding risk is ex-
pected to contribute to safe surgical planning, improve-
ment of surgical methods, and development of devices.
This study aimed to investigate the predictors of massive
bleeding in 213 cases of maxillary and mandibular
orthognathic surgeries performed at a single institution.
The study’s findings could help in the treatment plan-
ning for safer surgical procedures.

Methods
A total of 213 patients diagnosed with jaw deformities
who were treated with bimaxillary orthognathic surgery
(Le Fort I osteotomy [LFI] and bilateral sagittal split
ramus osteotomy [BSSRO]) in the Department of Oral
and Maxillofacial Surgery at the Tokyo Dental College,
Suidobashi Hospital, between January 2014 and Decem-
ber 2016 were enrolled in the study. All cases of cleft lip
and palate or multi-segmental osteotomy were excluded.
The records of patients who underwent surgery as an
intervention for malocclusion were examined.

Analyzed factors
Using the patients’ medical and operative records, the
number of cases according to sex, age at the time of sur-
gery, body mass index (BMI), circulating blood volume,
diagnosis of maxillary deformity, direction of maxillary
movement, operative duration, bad split, injury to the
nasal mucosa, and blood type were analyzed.
The patients were divided into two groups according

to their age at the time of surgery: those who were 27
years or older, which was the average age of all 213 pa-
tients, and those younger than 27 years. A BMI≥25 was
defined as obesity using the standard set by the Japan
Society for the Study of Obesity, and patients with a

BMI < 25 were classified as having a standard body
shape. Normal circulating blood volume was defined as
70 g/kg. The body weight was calculated using the aver-
age Japanese body weight (60 kg for men and 50 kg for
women) from the National Health and Nutrition Survey
(70 g × 60+50/2 = 3850 g), and the subjects were divided
into two groups. Clinical diagnoses of maxillary prog-
nathism, maxillary retraction, and facial asymmetry were
compared among the three groups. The upward move-
ment of the posterior nasal spine (PNS) could be a po-
tential risk for bleeding because it requires bone removal
around the pterygopalatine fossa and descending palat-
ine artery; therefore, patients were grouped based on
whether the extent of upward migration of their PNS
was <4 mm or ≥4 mm. Patients were also divided into
two groups based on the duration of surgery, with a dur-
ation >4 h being considered a long surgery. The de-
scending palatine artery was preserved in all cases in this
study. Nasal mucosal injuries in this study were defined
as those caused by perioperative laceration. And no tur-
binectomy was performed in any case. The method of
calculating the intraoperative blood loss in this study
was the sum of the weights of the suction cage and
gauze minus the saline solution used. The surgeries
reviewed in this study were performed under uniform
and general anesthesia conditions.

Statistical analysis
In this study, intraoperative massive bleeding group (459
g) was defined as the amount of blood loss exceeding 1
standard deviation (SD) from the mean blood loss over 3
years (279 g), and the chi-square test was used to com-
pare the proportion of massive bleeding cases in each
group. The predictors of massive bleeding extracted
from chi-square tests were compared using binomial lo-
gistic regression analysis (ANOVA). Differences were
considered statistically significant at p < 0.05. All data
were processed using the IBM SPSS software package
ver. 23. (Chicago, IL, USA).

Results
A total of 213 patients diagnosed with jaw deformities
were treated with orthognathic surgery between January
2014 and December 2016. The annual trends of intraop-
erative blood loss during this period were 308 g, 285 g,
and 243 g. The annual trend of blood loss decreased
over time but was not significantly different, with a
minimum of 26 g and a maximum of 1240 g, and a
mean blood loss of 279 g overall (Fig. 1). The number of
cases exceeding 1 SD from the mean blood loss (≥459 g)
was 31 (14.6%). The percentage of massive bleeding and
results of the chi-square test for each study item are
shown in Table 1.
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Number of cases by sex
Compared to men, more women (men: n=77, 36.2%; fe-
male: n=136, 63.8%) underwent orthognathic surgery
(male to female, 1:1.8). Major bleeding occurred in 15
men (19.5%) and 16 women (11.8%). No statistically sig-
nificant differences were found between groups.

Number of cases by age at the time of surgery
The youngest patient was 16 years old, and the oldest
was 52 years old, with an average age of 27 years. Age at
the time of surgery was compared between patients
older than 27 years (9/94 [9.6%]) and those younger than
27 years (22/119 [18.5%]). No statistically significant dif-
ferences were found between groups.

Number of cases by BMI and circulating blood volume
To evaluate the difference in intraoperative blood loss
due to body size, BMI and estimated circulating blood
volume of the 213 patients were compared. Thirteen pa-
tients (6.1%) were classified into the obese group. The
rate of intraoperative massive bleeding in the obese
group (5/13 cases [38.5%]) was significantly higher than
that in the standard group (26/200 cases [13.0%]). The
percentage of patients with a circulating blood volume
of 3850 g or more (17/82 [20.7%]) was significantly

Fig. 1 Annual change in bleeding volume

Table 1 Results of the chi-square test

Variables All
patients,
no. (%)

Patients, no. (%) P
valueBleeding<459 g Bleeding≧459 g

Sex Male 77 (36.2%) 61 (79.2%) 16 (20.8%) 0.053

Female 136 (63.8%) 121 (89%) 15 (11%)

Age ≧27 94 (44.1%) 85 (90.4%) 9 (9.6%) 0.067

27> 119 (55.9%) 97 (81.5%) 22 (18.5%)

BMI ≧25 13 (6.1%) 8 (61.5%) 5 (38.5%) 0.012

25> 200 (93.9%) 174 (87%) 26 (13%)

Circulating blood volume ≧3850 g 82 (38.5%) 65 (79.3%) 17 (20.7%) 0.043

3850 g> 131 (61.5%) 117 (89.3%) 14 (10.7%)

Diagnosis of maxillary deformity Maxillary prognathism 23 (10.8%) 18 (78.3%) 5 (21.7%) 0.387

Maxillary retrusion 72 (33.8%) 60 (83.3%) 12 (16.7%)

Facial asymmetry 118 (55.4%) 104 (88.1%) 14 (11.9%)

Direction of maxillary movement PNS≧4mm 10 (4.7%) 6 (60%) 4 (40%) 0.019

4mm>PNS 203 (95.7%) 176 (86.7%) 27 (13.3%)

Operative duration ≧4 h 105 (49.3%) 79 (75.2%) 26 (24.8%) 0.001

4 h> 108 (50.7%) 103 (95.4%) 5 (4.6%)

Bad split Yes 5 (2.3%) 4 (80%) 1 (20%) 0.727

No 208 (97.7%) 178 (85.6%) 30 (14.4%)

Injury of nasal mucosa Yes 86 (40.4%) 67 (77.9%) 19 (22.1%) 0.01

No 127 (59.6%) 115 (90.6%) 12 (9.4%)

Blood type Type O 64 (30%) 54 (84.4%) 10 (15.6%) 0.771

Exclusive of type O 149 (70%) 128 (85.9%) 21 (14.1%)

Sugahara et al. Maxillofacial Plastic and Reconstructive Surgery            (2022) 44:7 Page 3 of 6



higher than that of patients with a circulating blood vol-
ume of less than 3850 g (14/131 [10.7%]). There were
statistically significant differences in BMI and circulating
blood volume between the groups.

Number of cases by diagnosis of maxillary deformity and
direction of maxillary movement
To investigate whether the surgical technique affects in-
traoperative bleeding, the clinical diagnosis of the max-
illa and the direction of movement were compared. The
clinical diagnosis was facial asymmetry in 118 cases
(55.4%), maxillary retraction in 72 cases (33.8%), and
maxillary prognathism in 23 cases (10.8%). There was no
significant difference in the rate of massive bleeding
among the three groups. The extent of maxillary move-
ment caused a significant difference between the groups,
and an upward movement of 4 mm or more was found
to increase the risk of bleeding.

Number of cases by operative duration
The mean operation time remained unchanged at 229,
248, and 242 min over the 3-year period, with the short-
est operation time at 91 min and the longest at 391 min
(Fig. 2). The study investigated whether the duration of
surgery affected the amount of blood loss and found that
the rate of intraoperative massive bleeding was signifi-
cantly higher in the long surgery group (26/105 [24.8%])
than in the short surgery group (5/108 [4.6%]).

Number of cases by incidence of bad split and injury to
the nasal mucosa
Bad split and nasal mucosal injury, which are intraopera-
tive complications of the down-fracture technique, were
found in 5 (2.3%) and 86 patients (40.3%), respectively.
There was no significant difference in the incidence of
bad splits between the two groups. The nasal mucosal
injury group (19/86 [22.1%]) had a significantly higher
rate of massive bleeding than the non-injury group (12/
127 [9.4%]).

Number of cases by blood type
Since patients with blood type O are reported to have a
higher risk of upper gastrointestinal bleeding [16], the
rate of massive bleeding was compared between type O
and other blood types. There were no statistically signifi-
cant differences between the groups.
To further investigate whether the factors that showed

significant differences in the chi-square test were associ-
ated with the risk of massive bleeding, a binomial logistic
regression analysis was conducted using BMI, circulating
blood volume, direction of maxillary movement, opera-
tive duration, and injury to the nasal mucosa as
dependent variables and the presence of bleeding of 459
g or more as an independent variable (Table 2). There
were significant differences in all the factors (Table 2).

Discussion
The most common causes of intraoperative bleeding
during orthognathic surgeries are injury to the descend-
ing palatine artery, fracture of the pterygoid process, and
major anatomic irregularities. Methods to control bleed-
ing and avoid blood transfusion include (1) proficiency
in orthognathic surgical techniques to ensure safe and
reliable surgery and shorten operative duration, (2) use
of local anesthesia containing epinephrine and applica-
tion of hypotensive anesthesia [17], and (3) preparation
of preoperative stored autologous blood. Katagiri et al.
reported that the average operating time in Japan was
285 min (120–451 min) for maxillomandibular cases,
and the average blood loss was 305 mL (32–872 mL) for
maxillomandibular cases [1]. A review of 27 years of
orthognathic surgeries from 1990 to 2017 at Suidobashi
Hospital showed that the operative time decreased
slightly from an average of 249 min (155–579 min)

Fig. 2 Annual change in operation duration

Table 2 Results of the binomial logistic regression analysis

OR 95% CI P value

BMI 4.02 0.95–17.06 0.012

Circulating blood volume 1.15 0.38–3.54 0.043

Direction of movement 4.07 0.89–18.60 0.019

Operative duration 6.44 2.29–18.09 0.001

Injury of nasal mucosa 2.66 1.12–6.36 0.010
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during 1990–2003 to an average of 233 min (85–484
min) during 2004–2017 [2]. In contrast, the amount of
blood loss decreased dramatically from 899 g during
1990–2003 to 302 g during 2004–2017 [2]. In the
present study, the reported operative time was slightly
shorter than that reported by other institutions (249
min, 281 min, 290 min, 285 min). In addition, the
amount of blood loss tended to be less than that re-
ported by the Japanese Society for the Study of Jaw De-
formities (512 g, 305 g) [1].
The rate of massive bleeding as a surgical complication

is reported to be 0.05–11% [6–11]. Nonetheless, the
need for blood transfusion to correct anemia caused by
intraoperative bleeding during orthognathic surgery has
been debated. In a previous report, the average blood
loss in upper and lower jaw osteotomy was 889 g, and
blood transfusion was recommended to prevent anemia
[13]. However, the amount of intraoperative blood loss
has decreased in recent years due to the development of
surgical methods, general anesthesia, and devices. In Sui-
dobashi Hospital, there were three cases (1.4%) with
bleeding of more than 1000 g [2]. The bleeding was
caused by injury of the descending palatal and inferior
alveolar arteries. No cases of surgical interruption were
reported by Zaroni et al [11]. All patients were asked for
autogenous blood donation 6–8 weeks before surgery in
Suidobashi Hospital. In the past, 400–800 mL of the au-
tologous blood was usually collected from patients
undergoing bimaxillary surgery, but the use of autolo-
gous blood varies, and there is no clear standard. In re-
cent years, due to the decrease in overall intraoperative
blood loss during most orthognathic surgeries, except in
complex operations such as multifractional LFI, the use
of the autologous blood is now at the surgeon’s discre-
tion and it depends on the direction of jaw movement.
This is due to the application of hypotensive anesthesia,
ultrasonic cutting instruments, and developments in
three-dimensional (3D) technology over the past decade,
which have popularized the use of 3D printers in several
institutions, especially in orthognathic surgeries. The
“Fab Lab TDC” was the first digital fabrication labora-
tory for dentistry in Japan, which was established in
2013 [18]. Various 3D devices have been reported previ-
ously [5, 19].
Massive bleeding is a serious complication associated

with dissection of the pterygoid maxillary suture in LFI
[20]. To reduce this risk, the authors have been perform-
ing down-fractures using the leverage technique without
dissecting the pterygoid maxillary suture with pterygo-
myxel [21]. In this method, the bone spreading Tessier
forceps are inserted into the lateral border of the ptery-
gomaxilla to open it up and then moved to the thick
bone area near the inferior ridge of the cheekbone to
push it downward to cause a “down-fracture.” The

posterior part of the maxilla is then pushed downward
with the Rowe forceps to achieve full mobility. It is theo-
rized that the relatively small number of massive bleed-
ing cases is due to these efforts. Kramer et al .[13]
reported that 11 out of 1000 patients had massive bleed-
ing, and 6 (5.2%) had major anatomic irregularities.
Thus, if possible, contrast-enhanced computed tomog-
raphy should be used to confirm the location of the
blood vessels in the soft tissue before selecting a surgical
technique and considering the direction of movement of
the jawbone.

Conclusions
In conclusion, this study aimed to analyze the factors as-
sociated with major bleeding during bimaxillary orthog-
nathic surgery performed in a single center. All surgeries
were performed under standardized general anesthesia
conditions for the duration of the study. Factors related
to bleeding that were independent of the type of general
anesthesia were identified. The results revealed that
BMI, circulating blood volume, nasal mucosal injury,
and operative time were associated with the risk of intra-
operative massive bleeding in orthognathic surgeries. In
addition, the rate of intraoperative massive bleeding in-
creased with statistical significance in patients with a ≥4-
mm upward migration of the PNS. Based on the study’s
findings, it is suggested that the upward movement of
the maxilla should be recognized during the preoperative
planning stage as a risk factor for intraoperative bleeding
and that avoiding damage to the nasal mucosa should be
considered a requirement for surgeons to prevent
massive bleeding during surgery. Improvements in this
area can only be achieved through an in-depth analysis
of all procedures. Further studies with a large number of
cases should be conducted, to aid orthognathic surgeons
in achieving better results and safety.

Abbreviations
BMI: Body mass index; LFI: Le Fort I osteotomy; PNS: Posterior nasal spine;
SD: Standard deviation; 3D: Three-dimensional

Acknowledgements
We would like to extend our deepest gratitude to the medical staff of the
Department of Oral Pathobiological Science and Surgery and the
Department of Oral and Maxillofacial Surgery, Tokyo Dental College,
Suidobashi Hospital. We would also like to thank Dr. Shuji Yoshida
(Department of Oral and Maxillofacial Surgery, Tokyo Dental College, Tokyo,
Japan) for their assistance in manuscript preparation.

Authors’ contributions
KS participated in the design of the study and coordination of the study. YK,
MK, and AW worked in data collection and analysis. KK and MT participated
in the writing and helped to draft the manuscript. AK participated in the
study design and correction of the manuscript and coordination. The
authors read and approved the final manuscript.

Authors’ information
KS is D.D.S., Ph.D. and FIBCSOMS.

Sugahara et al. Maxillofacial Plastic and Reconstructive Surgery            (2022) 44:7 Page 5 of 6



Funding
The authors received no financial support for the present research.

Availability of data and materials
The analyzed data sets generated during the present study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Tokyo Dental College
(Tokyo, Japan; no. 672).

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Oral Pathobiological Science and Surgery, Tokyo Dental
College, 2-9-18 Kanda Misaki-cho, Chiyoda-ku, Tokyo 101-0061, Japan. 2Oral
Health Science Center, Tokyo Dental College, 2-9-18 Kanda Misaki-cho,
Chiyoda-ku, Tokyo 101-0061, Japan. 3Department of Oral and Maxillofacial
Surgery, Tokyo Dental College, 2-9-18 Kanda Misaki-cho, Chiyoda-ku, Tokyo
101-0061, Japan.

Received: 10 January 2022 Accepted: 7 February 2022

References
1. Katagiri W, Kobayashi T, Sasaki A, Susami T, Suda N, Tanaka E et al (2020)

Investigation of surgical orthodontic treatment in Japan – a nation survey
by Japanese society of jaw deformities in 2017. Jpn J Jaw Deform 30(3):
213–225. https://doi.org/10.5927/jjjd.30.213

2. Hamada Y, Sugahara K, Yoshida S, Watanabe A, Bessho H, Kasahara K,
Takano M, Saito C, Shibahara T, Katakura A (2019) A 27-year retrospective
clinical analysis of 2640 orthognathic surgery cases in the Tokyo Dental
College. J Oral Maxillofac Surg Med Pathol 31(5):305–310. https://doi.org/1
0.1016/j.ajoms.2019.03.008

3. Stokbro K, Aagaard E, Torkov P, Bell RB, Thygesen T (2014) Virtual planning
in orthognathic surgery. Int J Oral Maxillofac Surg 43(8):957–965. https://doi.
org/10.1016/j.ijom.2014.03.011

4. Van den Bempt M, Liebregts J, Maal T, Bergé S, Xi T (2018) Toward a higher
accuracy in orthognathic surgery by using intraoperative computer
navigation, 3D surgical guides, and/or customized osteosynthesis plates: a
systematic review. J Craniomaxillofac Surg 46(12):2108–2119. https://doi.
org/10.1016/j.jcms.2018.10.012

5. Koyachi M, Sugahara K, Odaka K, Matsunaga S, Abe S, Sugimoto M, Katakura
A (2021) Accuracy of Le Fort I osteotomy combined with computer-aided
design/computer-aided manufacturing technology and mixed reality. Int J
Oral Maxillofac Surg 50(6):782–790. https://doi.org/10.1016/j.ijom.2020.09.026

6. Azarmehr I, Stokbro K, Bell RB, Thygesen T (2017) Surgical navigation: a
systematic review of indications, treatments, and outcomes in oral and
maxillofacial surgery. J Oral Maxillofac Surg 75(9):1987–2005. https://doi.
org/10.1016/j.joms.2017.01.004

7. Eshghpour M, Mianbandi V, Samieirad S (2018) Intra- and postoperative
complications of le Fort I maxillary osteotomy. J Craniofac Surg 29(8):e797–
e803. https://doi.org/10.1097/SCS.0000000000004828

8. Panula K, Finne K, Oikarinen K (2001) Incidence of complications and
problems related to orthognathic surgery: a review of 655 patients. J Oral
Maxillofac Surg 59(10):1128–1136; discussion 37. https://doi.org/10.1053/
joms.2001.26704

9. Kim SG, Park SS (2007) Incidence of complications and problems related to
orthognathic surgery. J Oral Maxillofac Surg 65(12):2438–2444. https://doi.
org/10.1016/j.joms.2007.05.030

10. Iannetti G, Fadda TM, Riccardi E, Mitro V, Filiaci FFT (2013) Our experience in
complications of orthognathic surgery: a retrospective study on 3236
patients. Eur Rev Med Pharmacol Sci 17(3):379–384. https://doi.org/10.1016/
s1010-5182(08)71517-8

11. Zaroni FM, Cavalcante RC, João da Costa D, Kluppel LE, Scariot R, Rebellato
NLB (2019) Complications associated with orthognathic surgery: a
retrospective study of 485 cases. J Craniomaxillofac Surg 47(12):1855–1860.
https://doi.org/10.1016/j.jcms.2019.11.012

12. Garg S, Kaur S (2014) Evaluation of post-operative complication rate of le
Fort I osteotomy: a retrospective and prospective study. J Maxillofac Oral
Surg 13(2):120–127. https://doi.org/10.1007/s12663-012-0457-4

13. Kramer FJ, Baethge C, Swennen G, Teltzrow T, Schulze A, Berten J,
Brachvogel P (2004) Intra- and perioperative complications of the LeFort I
osteotomy: a prospective evaluation of 1000 patients. J Craniofac Surg 15(6):
971–977; discussion 978. https://doi.org/10.1097/00001665-200411000-00016

14. Chow LK, Singh B, Chiu WK, Samman N (2007) Prevalence of postoperative
complications after orthognathic surgery: a 15-year review. J Oral Maxillofac
Surg 65(5):984–992. https://doi.org/10.1016/j.joms.2006.07.006

15. de Mol van Otterloo JJ, Tuinzing DB, Greebe RB, van der Kwast WAM (1991)
Intra- and early postoperative complications of the Le Fort I osteotomy. J
Craniomaxillofac Surg 19(5):217–222. https://doi.org/10.1016/S1010-5182
(05)80551-7

16. Franchini M, Togliani T, Turdo R, Lucchini G, Bonfanti C, Giacomini I, Luppi
M, Pilati S (2018) O blood type is a risk factor for upper gastrointestinal
bleeding. J Thromb Thrombolysis 45(1):48–50. https://doi.org/10.1007/s1123
9-017-1576-z

17. Precious DS, Splinter W, Bosco D (1996) Induced hypotensive anesthesia for
adolescent orthognathic surgery patients. J Oral Maxillofac Surg 54(6):680–
683; discussion 683. https://doi.org/10.1016/s0278-2391(96)90679-5

18. Katsumi Y, Sugahara K, Matsunaga S, Odaka K, Mitomo K, Abe S et al (2016)
Planning for orthognathic surgery at medical fabrication laboratory in Tokyo
Dental College (Fab Lab TDC) clinical application of full-scale-model made
by 3-dimensional ink jet printer for orthognathic surgery. J Oral Sci Japan
2016:9–11

19. Sugahara K, Katsumi Y, Koyachi M, Koyama Y, Matsunaga S, Odaka K, Abe S,
Takano M, Katakura A (2018) Novel condylar repositioning method for 3D-
printed models. Maxillofac Plast Reconstr Surg 40(1):4. https://doi.org/10.11
86/s40902-018-0143-7

20. Patel PK, Morris DE, Gassman A (2007) Complications of orthognathic
surgery. J Craniofac Surg 18(4):975–985; Quiz 986-8. https://doi.org/10.1097/
scs.0b013e318068442c

21. Precious DS, Morrison A, Ricard D (1991) Pterygomaxillary separation
without the use of an osteotome. J Oral Maxillofac Surg 49(1):98–99. https://
doi.org/10.1016/0278-2391(91)90278-t

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Sugahara et al. Maxillofacial Plastic and Reconstructive Surgery            (2022) 44:7 Page 6 of 6

https://doi.org/10.5927/jjjd.30.213
https://doi.org/10.1016/j.ajoms.2019.03.008
https://doi.org/10.1016/j.ajoms.2019.03.008
https://doi.org/10.1016/j.ijom.2014.03.011
https://doi.org/10.1016/j.ijom.2014.03.011
https://doi.org/10.1016/j.jcms.2018.10.012
https://doi.org/10.1016/j.jcms.2018.10.012
https://doi.org/10.1016/j.ijom.2020.09.026
https://doi.org/10.1016/j.joms.2017.01.004
https://doi.org/10.1016/j.joms.2017.01.004
https://doi.org/10.1097/SCS.0000000000004828
https://doi.org/10.1053/joms.2001.26704
https://doi.org/10.1053/joms.2001.26704
https://doi.org/10.1016/j.joms.2007.05.030
https://doi.org/10.1016/j.joms.2007.05.030
https://doi.org/10.1016/s1010-5182(08)71517-8
https://doi.org/10.1016/s1010-5182(08)71517-8
https://doi.org/10.1016/j.jcms.2019.11.012
https://doi.org/10.1007/s12663-012-0457-4
https://doi.org/10.1097/00001665-200411000-00016
https://doi.org/10.1016/j.joms.2006.07.006
https://doi.org/10.1016/S1010-5182(05)80551-7
https://doi.org/10.1016/S1010-5182(05)80551-7
https://doi.org/10.1007/s11239-017-1576-z
https://doi.org/10.1007/s11239-017-1576-z
https://doi.org/10.1016/s0278-2391(96)90679-5
https://doi.org/10.1186/s40902-018-0143-7
https://doi.org/10.1186/s40902-018-0143-7
https://doi.org/10.1097/scs.0b013e318068442c
https://doi.org/10.1097/scs.0b013e318068442c
https://doi.org/10.1016/0278-2391(91)90278-t
https://doi.org/10.1016/0278-2391(91)90278-t

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Analyzed factors
	Statistical analysis

	Results
	Number of cases by sex
	Number of cases by age at the time of surgery
	Number of cases by BMI and circulating blood volume
	Number of cases by diagnosis of maxillary deformity and direction of maxillary movement
	Number of cases by operative duration
	Number of cases by incidence of bad split and injury to the nasal mucosa
	Number of cases by blood type

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

