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Abstract

Background: The aim of this study was to investigate the relationship between patient demographics and hematological
parameters and blood loss during orthognathic surgery. In addition, we investigated whether bone removal around the
descending palatine artery (DPA), a procedure that has been widely applied in recent years, is associated with blood loss.
Material and Methods: This retrospective study included patients who underwent bimaxillary orthognathic surgery
in our hospital. The predictor variables included patient demographics (age, gender and body mass index [BMI]), he-
matological parameters (hemoglobin level [Hb] and platelet count [PLT]), and surgical factors (bone removal around
the DPA). Associations between predictor variables and blood loss were assessed using Spearman rank correlation
and the Mann-Whitney U test. Multiple linear regression analysis was performed to identify independent predictors
of blood loss during surgery. The level of significance was set as P<0.05.

Results: A total of 138 patients (95 women and 43 men; mean age, 24.1+7.1 years) were included. The mean operative time
was 269.1+51.3 minutes, and the mean intraoperative blood loss was 277.0+220.4mL. BMI, preoperative Hb, and operative
time were significantly correlated with blood loss (P<.05). Male patients experienced significantly greater blood loss than
female patients (P<.05). After adjustment, BMI (B=19.5, P=.001), operative time (B=0.95, P=.010), and removal of bone
around the DPA (B=92.8, P=.009) were independently associated with increased intraoperative blood loss.

Conclusions: The findings in this study are important for preoperative risk assessment, surgical planning, and ensur-
ing patient safety in orthognathic surgery.

Keywords: Blood loss, bimaxillary orthognathic surgery, risk factors, descending palatine artery.

Introduction complications include neurosensory disturbances, bad
Orthognathic surgery, including Le Fort I osteotomy splits, soft tissue and periodontal injuries, fixation ma-
(LF1) and bilateral sagittal split osteotomy (BSSO), is terial failures, and infections. Numerous studies have
one of the most preferred methods for correcting den- examined complications associated with orthognathic
tofacial problems such as prognathism, retrognathism, surgery and related procedures such as plate removal
maxillary protrusion, maxillary retrusion, open bite [1-5]. Although the frequency of these complications
and facial asymmetry. These procedures are now wide- has decreased significantly due to various advances,
ly performed largely due to their safety. However, sev- substantial blood loss remains one of the major com-

eral complications have been reported. Representative plications of orthognathic surgery [2]. Some studies
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have investigated factors affecting blood loss during or-
thognathic surgery. Notable factors include age, gender,
body mass index (BMI), hemoglobin level (Hb), platelet
count (PLT), operating time, and surgeon experience
[6-8]. Posterior and/or superior repositioning of the
maxilla to remove bony interference between the pos-
terior maxilla and pterygoid process is often technically
difficult [9]. In recent years, with the widespread use of
piezoelectric devices, the resection and removal of bone
around the descending palatine artery (DPA) has be-
come commonly practiced in LF1 repositioning [10,11].
However, the degree to which removal of bone around
the DPA affects blood loss during orthognathic surgery
remains unclear. The aim of this study is to investigate
the relationship between patient demographics, hema-
tological parameters, and surgical factors (including the
presence or absence of bone removal around the DPA)
and blood loss during orthognathic surgery.

Material and Methods

Patients

For this study, data were collected from 261 patients
who had undergone orthognathic surgery in the De-
partment of Dentistry, Oral and Maxillofacial Surgery
at Yamagata University Hospital between 2013 and
2023. This retrospective study included patients who
underwent bimaxillary orthognathic surgery (LF1 and
BSSO) in our hospital. All procedures performed in
studies involving human participants were conducted
in accordance with the ethical standards of the institu-
tional and national research committee and the Decla-
ration of Helsinki and its later amendments. Approval
was obtained from the ethics committee at Yamagata
University Faculty of Medicine (approval no.2024-333;
date of approval: March 25, 2025). This retrospective
observational study was undertaken using the opt-out
method of assuming consent via our hospital website.
Surgery and data analysis

LF1 and BSSO were performed using standardized
methods [12,13]. Depending on the direction of max-
illary bone movement (e.g., maxillary impaction and/
or posterior reposition), resection and removal of bone
around the DPA was performed according to a previ-
ous report by Omura ef al [10]. All surgeries were per-
formed by experienced surgeons with at least 5 years
of experience in orthognathic surgery. Intraoperative
blood loss was measured by weighing gauze, measur-
ing suctioned blood, and adjusting for the volume of ir-
rigation solution used during bimaxillary orthognathic
surgery. Optimal blood pressure during surgery was
maintained by an anesthesiologist in all cases.

This study excluded patients who had bleeding diathesis
or connective tissue disease. Cases undergoing either
LF1 or BSSO alone or undergoing genioplasty concur-
rently were excluded. LF1 and BSSO cases other than
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typical examples (such as cases with distraction or seg-
mental osteotomy) were also excluded.

Information on the following parameters was collected
from the medical record: Patient demographics (age, gen-
der and BMI) and hematological indices (Hb and PLT)
of patients before surgery and surgical indices (operat-
ing time and blood loss during surgery). Blood samples
were generally collected within 4 weeks prior to surgery,
and BMI was obtained after admission (1-3 days before
surgery). Removal of bone around the DPA during LF1
was also confirmed from the medical record of patients.
Patients with incomplete data were excluded.

Statistical analysis

All statistical analyses were performed using Jef-
freys’s Amazing Statistics Program (JASP, University
of Amsterdam, Amsterdam, the Netherlands). Correla-
tions between variables were assessed using the non-
parametric Spearman’s rank correlation technique. The
Mann-Whitney U test was used to examine the relation-
ship between blood loss during surgery and gender, as
well as presence or absence of removal of bone around
the DPA. In addition, the associations of age, BMI,
Hb, PLT, operating time, gender and removal of bone
around the DPA with blood loss during surgery were
evaluated using multiple linear regression. Age, BMI,
Hb, PLT and operating time were treated as continuous
variables, while gender and removal of bone around the
DPA were treated as categorical variables. The level of
significance was set as P<0.05.

Results

A total of 138 patients (95 women, 43 men; mean age,
24.147.1 years) were included in this study (Figure 1).
Mean BMI was 21.6£3.1kg/m2. Mean Hb was 13.8+3.1g/
dL and mean PLT was 257.7+51.3x104/uL. Mean oper-
ating time was 269.1+51.3min and mean blood loss was
277.0£220.4mL. Removal of bone around the DPA during
LF1 was performed in 78 cases (Table 1). Table 2 shows
the correlations between variables (age, BMI, Hb, PLT and
operating time) and blood loss during the surgery. BMI,
Hb and operating time correlated with blood loss during
surgery (BMI: rs=0.279, P<0.001; Hb: rs=0.265, P=0.02;
operating time: rs=0.311, P<0.001). In addition, the Mann-
Whitney U test revealed significantly greater blood loss
during surgery in males (P<0.05). Although a tendency
toward higher blood loss during surgery was observed in
the group with removal of bone around the DPA, the dif-
ference was not significant (P=0.133) (Figure 2). Further,
Table 3 shows the results of the relationship between each
variable and blood loss during surgery using multiple lin-
ear regression. The effect of each variable was estimated
after adjusting for the other variables, resulting in BMI
(B=19.517, P=0.001), operating time (B=0.950, P=0.010)
and removal of bone around the DPA (B=92.823, P=0.009)
being identified as influences on blood loss during surgery.
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Table 1: Characteristics of the 138 patients.
Age (years) + o
A7,
Gender MeantSD | 24.1%7.1 Removal of bone around DPA
Male; n (%) 43 (31.2) Fig. 2: Blood loss in female and male patients (A) and presence or
Female,' (%) 95 (68.8) absence of removal of bone around the DPA (B). The median blood
BMI (kg/m?) * loss was 328 (185-510) ml in males and 200 (100-368) ml in females;
Mean<SD 216431 males had significantly greater blood loss (P=0.02) (A). Furthermore,
Hb (g/dL) although the median blood loss in the group with removal of bone
Mean=SD 13.8+1.6 around the DPA was 253 (127-450) ml, which was higher than that in
PLT (x10*/mL) the group without bone removal around the DPA (212 (112-344) ml),
MeantSD | 257.7+51.3 the difference was not statistically significant (P=0.133) (B). *P<0.05.
Operating time (min)
Mean+SD | 269.1+46.6 Table 3: Multiple linear regression analysis of factors associated
Blood loss (mL) with blood loss.
Mean+SD | 277.0+220.4 Variables B SE B P
Removal of bone around the DPA Age -2.76 | 2.383 | -0.088 0.249
+: 1 (%) 78 (56.5) BMI 19.52 | 19.578 | 0.277 | 0.001**
- n (%) 60 (43 5) Hb 26.88 | 15.702 0.190 0.089
* - PLT 0.100 | 0.330 0.023 0.762
Operating time 0.950 | 0.363 0.201 0.010*
Table 2: Correlation between blood loss during Gender (M/F) 51.358 | 56.141 0.362
surgery and age, BMI, Hb, PLT and operating time. Removal of bone around the DPA | 92.823 | 34.738 0.009%*
Variables s P Statistically significant: *P<0.05; **P<0.01.
Age -0.013 0.879 . .
BMI 0.279 | <0.001%** Discussion
Hb 0.265 0.02% The present study aimed to identify factors associated
PLT 0.053 0.535 with blood loss during bimaxillary orthognathic sur-
Operating time 0.311 | <0.001%*** gery. Consistent with previous reports, the effects of

Statistically significant: *P<0.05; **P<0.01;

***P<0.001.
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patient demographics, hematological indices such as
Hb and PLT, and surgical variables such as operating
time on intraoperative blood loss were examined. In ad-
dition, the presence or absence of bone removal around
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the DPA during LF1 was investigated as an approach
that has become increasingly common in recent years.
Given recent advances in orthognathic surgery, includ-
ing expanding indications and patient preferences, it is
anticipated that the number of cases involving bone re-
moval around the DPA will continue to increase, and
the significance of this study is likely to grow [14,15].
Regarding patient demographics, male patients tended
to experience greater blood loss during surgery (Figure
2), in accordance with previous reports [16-18]. Olsen
et al. [19] similarly reported higher blood loss in males
and noted that this trend is also observed in procedures
such as joint arthroplasty and hepatectomy [20-22], sug-
gesting that this finding may be attributable to gender
differences in fibrin turnover.

In the present study, a positive correlation was observed
between BMI and intraoperative blood loss (Tables 2
and 3). In orthopedic surgery, several reports have in-
dicated that increased BMI can influence intraoperative
bleeding [23,24].

In orthognathic surgery, some studies have found no
association between BMI and blood loss [25], whereas
others have suggested that higher BMI, particularly
obesity, is associated with increased blood loss [8,26].
Although previous results are inconsistent, elevated
BMI should be considered a potential risk factor for in-
creased blood loss during bimaxillary surgery. A corre-
lation was also observed between Hb and intraoperative
blood loss (Table 2). Topan ef al. similarly reported that
higher Hb levels were associated with increased intra-
operative bleeding, and that higher preoperative PLT
and mean platelet volume/PLT values corresponded to
reduced overall blood loss following orthognathic sur-
gery [8]. Although this study found no association be-
tween intraoperative blood loss and PLT (Tables 2 and
3), overall blood loss was not assessed, and hematologi-
cal values may vary depending on the timing of blood
sampling. The relationship between hematological pa-
rameters and surgical blood loss thus remains unclear
and warrants further investigation. Prolonged operating
time was also associated with increased intraoperative
blood loss, consistent with numerous previous reports
[8,16,26-28]. In addition to these factors, this study
evaluated the influence of bone removal around the
DPA and found that its presence was associated with
a slight increase in intraoperative blood loss (Table 3).
With regard to additional procedures and bleeding in or-
thognathic surgery, Kretschmer et al. reported that addi-
tional osteotomies and iliac crest grafts contributed to in-
creased blood loss [16]. Although removal of bone around
the DPA is a highly useful and common technique, no
prior studies have examined its effect on blood loss. The
present findings suggest that this procedure may slightly
increase bleeding; however, the amount was not clinically
significant enough to discourage its use. With appropriate
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bleeding control measures, bone removal around the DPA
can be performed safely when indicated.

Understanding the potential risks of blood loss during
bimaxillary surgery, as described above, is crucial for
providing safe surgical care. Depending on the situa-
tion, measures such as hypotensive anesthesia or com-
bined medication use may help reduce blood loss. Fur-
ther, preparation for interventions that may reduce blood
loss, such as hypotensive anesthesia [29] and combined
medication use [30,31] may also be important.

This study had several limitations. First, a retrospec-
tive design was used. Because the purpose was to ob-
tain preliminary findings, no statistical power analysis
was conducted, and the sample size was determined by
the number of eligible patients during the study period.
A prospective study with an appropriately calculated
sample size will be required in the future. Furthermore,
these results should be interpreted with an understand-
ing of the study’s limitations. Second, the method of
measuring blood loss was an issue. Blood loss is most
commonly calculated by measuring suctioned blood and
adjusting for the volume of irrigation solution, with the
addition of data about the weight of surgical gauze [28].
However, this approach does not fully account for blood
redistribution into the third space. Future research may
need to incorporate assessment of total blood loss, rath-
er than intraoperative loss alone. Third, multiple sur-
geons were involved in the procedures analyzed in this
study. Rummasak et al. reported a correlation between
surgeon experience and intraoperative bleeding [18],
whereas Kretschmer et al. found no significant differ-
ence between resident and experienced surgeons [32].
In the present study, all surgeries were performed by
surgeons with over 5 years of experience in treating jaw
deformities, indicating a uniformly high level of tech-
nical proficiency. However, further studies minimizing
surgeon-related bias are warranted. Additionally, the
exclusion of factors such as intraoperative anesthesia
status and the direction of maxillary bone movement
from the analysis may also be considered a limitation.

Conclusions

Despite these limitations, this study may provide use-
ful insight into factors influencing blood loss in bimax-
illary surgery, including the impact of bone removal
around the DPA. These findings may be helpful for pre-
operative risk assessment, surgical planning, and ensur-
ing patient safety in orthognathic surgery.

Acknowledgement
The authors thank FORTE Science Communications (https:/www.
forte-science.co.jp/) for English language editing.

Institutional Review Board Statement

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/
or national research committee and with the Declaration of Helsinki



Med Oral Patol Oral Cir Bucal. 2026 Jun 1531 (5):¢631-5.

and its later amendments or comparable ethical standards. Approval
was obtained from the ethics committee at Yamagata University Fac-
ulty of Medicine (2024-333; date of approval: 25 Mar 2025). This
retrospective observational study was undertaken using the opt-out
method of assuming consent via our hospital website (https:/www.
id.yamagata-u.ac.jp/ethics/rinshou/).

Author Contributions

Kazuyuki Yusa: Conceptualization, methodology, software, valida-
tion, formal analysis, investigation, resources, data curation, writing-
original draft, visualization, project administration, funding acquisi-
tion. Nobuyuki Sasahara: Validation, data curation, writing-review &
editing, project administration. Tomoharu Hemmi: Validation, formal
analysis, resources, data curation, writing-review & editing, visual-
ization, project administration. Kenta Kagami: Methodology, inves-
tigation, writing-review & editing. Kotaro Taniguchi: Methodology,
software, investigation, writing-review & editing. Shigeo Ishikawa:
Writing-review & editing, supervision, funding acquisition.

Funding

The authors declare that no funds, grants, or other support were re-
ceived during the research and preparation of this manuscript. This
research did not receive any specific grant from funding agencies in
the public, commercial, or not-for-profit sectors.

Conflict of interests
The authors declare no competing interests.

References

1. Friscia M, Sbordone C, Petrocelli M, Vaira LA, Attanasi F, Cas-
sandro FM, et al. Complications after orthognathic surgery: Our ex-
perience on 423 cases. Oral Maxillofac Surg. 2017;21(2):171-7.

2. Zaroni FM, Cavalcante RC, Jodo da Costa D, Kluppel LE, Scariot
R, Rebellato NLB. Complications associated with orthognathic sur-
gery: A retrospective study of 485 cases. J Craniomaxillofac Surg.
2019;47(12):1855-60.

3. Celebi A, Aykanat D, Ozcan Kiigiik A, Atil F. Survey on compli-
cations of Orthognathic surgery among oral and maxillofacial sur-
geons. J Stomatol Oral Maxillofac Surg. 2025;126(4s):102387.

4. Jedrzejewski M, Smektata T, Sporniak-Tutak K, Olszewski R.
Preoperative, intraoperative, and postoperative complications in
orthognathic surgery: A systematic review. Clin Oral Investig.
2015;19(5):969-77.

5. Yusa K, Hemmi T, Kasuya S, Sasahara N, Ishikawa S. Retrospec-
tive Analysis of Surgical Site Infection After Titanium Plate Remov-
al Following Orthognathic Surgery. J Clin Med. 2025;14(11):3657.

6. Al-Sebaei MO. Predictors of intra-operative blood loss and blood
transfusion in orthognathic surgery: A retrospective cohort study in
92 patients. Patient Saf Surg. 2014;8(1):41.

7. Thastum M, Andersen K, Rude K, Nerholt SE, Bloml6f J. Factors
influencing intraoperative blood loss in orthognathic surgery. Int J
Oral Maxillofac Surg. 2016;45(9):1070-3.

8. Topan C, Demirbas AE, Dogruel F, Umit KK, Yasl SO, Soylu E, et
al. Factors influencing intraoperative blood loss in bimaxillary orthog-
nathic surgery. Med Oral Patol Oral Cir Bucal. 2025;30(5):¢745-¢50.
9. Ueki K, Nakagawa K, Marukawa K, Yamamoto E. Le Fort I os-
teotomy using an ultrasonic bone curette to fracture the pterygoid
plates. J Craniomaxillofac Surg. 2004;32(6):381-6.

10. Omura S, Iwai T, Honda K, Shibutani N, Fujita K, Yamashita Y, e al.
U-shaped Osteotomy Around the Descending Palatine Artery to Prevent
Posterior Osseous Interference for Superior/Posterior Repositioning of
the Maxilla in Le Fort I Osteotomy. J Craniofac Surg. 2015;26(5):1613-5.
11. Yamauchi K, Suzuki H, Yamaguchi Y, Saito S, Nogami S, Taka-
hashi T. Pyramidal and posterior osseous release for maxillary supe-
rior/posterior mobilization using an ultrasonic bone-cutting device
after Le Fort I osteotomy. J Craniomaxillofac Surg. 2020;48(2):170-5.
12. Bell W. Le Forte I osteotomy for correction of maxillary deformi-
ties. Journal of Oral Surgery (American Dental Association: 1965).
1975;33(6):412-26.

€635

Predictors intraoperative blood loss in bimaxillary orthognathic surgery

13. Hunsuck E. A modified intraoral sagittal splitting technic for cor-
rection of mandibular prognathism. J Oral Surg. 1968;26:249-52.

14. Naran S, Steinbacher DM, Taylor JA. Current Concepts in Or-
thognathic Surgery. Plast Reconstr Surg. 2018;141(6):925¢e-36e.

15. Zammit D, Ettinger RE, Sanati-Mehrizy P, Susarla SM.
Current Trends in Orthognathic Surgery. Medicina (Kaunas).
2023;59(12):2100.

16. Kretschmer WB, Baciut G, Bacuit M, Zoder W, Wangerin K.
Intraoperative blood loss in bimaxillary orthognathic surgery with
multisegmental Le Fort I osteotomies and additional procedures. Br
J Oral Maxillofac Surg. 2010;48(4):276-80.

17. Moenning JE, Bussard DA, Lapp TH, Garrison BT. Average
blood loss and the risk of requiring perioperative blood transfusion
in 506 orthognathic surgical procedures. J Oral Maxillofac Surg.
1995;53(8):880-3.

18. Rummasak D, Apipan B, Kaewpradup P. Factors that deter-
mine intraoperative blood loss in bimaxillary osteotomies and the
need for preoperative blood preparation. J Oral Maxillofac Surg.
2011;69(11):¢456-60.

19. Olsen JJ, Ingerslev J, Thorn JJ, Pinholt EM, Gram JB, Sidelmann
JJ. Can Preoperative Gender-Related Differences in Hemostatic Pa-
rameters Predict Bleeding in Orthognathic Surgery? J Oral Maxil-
lofac Surg. 2016;74(8):1637-42.

20. Nanashima A, Abo T, Hamasaki K, Wakata K, Kunizaki M, Tou
K, et al. Predictors of intraoperative blood loss in patients undergo-
ing hepatectomy. Surg Today. 2013;43(5):485-93.

21. Prasad N, Padmanabhan V, Mullaji A. Blood loss in total knee ar-
throplasty: An analysis of risk factors. Int Orthop. 2007;31(1):39-44.
22. Yokoyama Y, Nagino M, Nimura Y. Which gender is better posi-
tioned in the process of liver surgery? Male or female? Surg Today.
2007;37(10):823-30.

23. Fleps SW, Drinkwater CJ. Impact of BMI on Complications, Re-
admissions, and Perioperative Metrics in a Mature Direct Anterior
Approach Total Hip Arthroplasty (THA) Practice. Complications.
2025;2(4):27.

24. Villavicencio A, Lee Nelson E, Rajpal S, Vivek N, Burneikiene
S. The impact of BMI on operating room time, blood loss, and hospi-
tal stay in patients undergoing spinal fusion. Clin Neurol Neurosurg.
2019;179:19-22.

25. Madsen DE, Ingerslev J, Sidelmann JJ, Thorn JJ, Gram J. In-
traoperative blood loss during orthognathic surgery is predicted by
thromboelastography. J Oral Maxillofac Surg. 2012;70(10):e547-52.
26. Sugahara K, Koyama Y, Koyachi M, Watanabe A, Kasahara K,
Takano M, et al. A clinico-statistical study of factors associated with
intraoperative bleeding in orthognathic surgery. Maxillofac Plast
Reconstr Surg. 2022;44(1):7.

27.Yu CN, Chow TK, Kwan AS, Wong SL, Fung SC. Intra-operative
blood loss and operating time in orthognathic surgery using induced
hypotensive general anaesthesia: Prospective study. Hong Kong Med
J.2000;6(3):307-11.

28. Ueki K, Marukawa K, Shimada M, Nakagawa K, Yamamoto E.
The assessment of blood loss in orthognathic surgery for prognathia.
J Oral Maxillofac Surg. 2005;63(3):350-4.

29. Sakhariya SV, Waknis PP, Setiya S, Tidke SS. Effect of Induced
Hypotensive Anesthesia and Normotensive Anesthesia on Intraop-
erative Blood Loss During Orthognathic Surgery: A Systematic Re-
view. ] Maxillofac Oral Surg. 2024;23(5):1127-37.

30. Dammling CW, Weber TM, Jr., Taylor KJ, Kinard BE. Does
Tranexamic Acid Reduce the Need for Hypotensive Anesthesia
Within Orthognathic Surgery? A Retrospective Study. J Maxillofac
Oral Surg. 2024;23(2):229-34.

31. Mizutani A, Sanuki T, Kido K. Effectiveness of tranexamic acid
on intra- and postoperative bleeding in Bimaxillary osteotomies: A
retrospective study. Oral Maxillofac Surg. 2024;28(4):1617-22.

32. Kretschmer W, Koster U, Dietz K, Zoder W, Wangerin K. Fac-
tors for intraoperative blood loss in bimaxillary osteotomies. J Oral
Maxillofac Surg. 2008;66(7):1399-403.



