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Abstract – Background: Perioperative blood loss remains a challenge in total hip arthroplasty (THA). Although
tranexamic acid (TXA) is widely used for hemostasis, the efficacy of oxidized regenerated cellulose (ORC) powder
as an adjunct in blood management for THA via the direct anterior approach (DAA) remains underexplored. This study
aimed to evaluate the effects of ORC powder on perioperative blood loss, hematological parameters, and clinical out-
comes in direct anterior THA. Methods: A total of 133 patients who underwent primary THA via the DAA were
enrolled in the study. The patients were divided into two groups: the ORC powder group (combination of ORC powder
and topical TXA, n = 53) and the control group (topical TXA alone, n = 80). The demographic and clinical informa-
tion, operative time, intraoperative bleeding volume, estimated total blood loss (eTBL), hidden blood loss (HBL),
trends in hemoglobin, hematocrit, postoperative pain scores using a numeric rating scale (NRS), and adverse events
were analyzed. Clinical outcomes were assessed using the Japanese Orthopedic Association score. Results: The
ORC powder group had significantly lower eTBL (679.1 ± 230.1 mL vs. 875.8 ± 292.9 mL, p < 0.0001) and HBL
(424.1 ± 194.5 mL vs. 558.6 ± 264.2 mL, p = 0.002). Postoperative pain scores at postoperative day 7 were lower
in the ORC powder group (1.9 ± 1.6 vs. 2.9 ± 2.2, p = 0.009). The clinical outcomes were excellent, and no significant
differences were observed in complication rates between the groups. Conclusion: ORC powder effectively reduced
perioperative blood loss in THA via the DAA without increasing complication rates. ORC powder has the potential
to be a valuable adjunct in optimizing blood management strategies in THA.

Key words: Oxidized regenerated cellulose powder, Blood loss, Hidden blood loss, Total hip arthroplasty, Direct
anterior approach.

Introduction

Total Hip Arthroplasty (THA) is a widely performed surgi-
cal procedure aimed at alleviating pain and restoring mobility in
patients with degenerative hip conditions [1]. Globally, the
number of THA procedures continues to rise, exceeding 1.4
million annually, and is expected to double by 2040, owing
to the aging population and increasing life expectancy [2].

Despite the advancements in surgical techniques, perioper-
ative bleeding in THA remains a problem that must be over-
come. Previous studies indicate that perioperative blood loss
in THA can surpass 1,500 mL, leading to hemoglobin reduc-
tions in the immediate postoperative period [3–5]. Excessive
perioperative blood has been linked to prolonged hospitaliza-
tion, an increased risk of postoperative infections, and pro-
longed postoperative pain due to hematoma formation [6–8].

Therefore, effective perioperative blood management is crucial
in THA.

The direct anterior approach (DAA) is a minimally invasive
surgical technique that has gained popularity owing to its mus-
cle-sparing nature and the potential for faster recovery than
other approaches [9]. However, it presents unique challenges,
particularly in controlling bleeding from the soft tissues and
periarticular structures.

Hemostatic agents, such as tranexamic acid (TXA) [5, 10,
11] and oxidized regenerated cellulose (ORC) [12–14] have
been introduced as adjunctive measures to minimize bleeding
during various surgical procedures. SURGICEL� Powder, an
ORC-based hemostatic agent, facilitates localized clot forma-
tion and is valued for its ease of application and rapid hemo-
static action [14]. Its ease of application and rapid action
make it a valuable tool in surgical practice, particularly for pro-
cedures with a high risk of bleeding. Notably, ORC powder
has demonstrated efficacy in controlling blood loss in various*Corresponding author: taizo_kaneko@tmghig.jp
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surgical settings, including cardiovascular and general surgery
[12, 15]. Its powder formulation is particularly advantageous
for managing bleeding at inaccessible sites, making it a promis-
ing candidate for THA, where bleeding control is often chal-
lenging. Despite these advantages, the potential efficacy of
ORC powder in managing perioperative blood loss in patients
who underwent THA via the DAA remains underexplored.

The primary aim of this retrospective study was to evaluate
the potential efficacy of ORC powder in managing periopera-
tive blood loss in THA via the DAA. Secondary objectives
included assessing its impact on hematological parameters, clin-
ical recovery outcomes, postoperative pain reduction, and
adverse events.

Materials and methods

Patient population

Data were collected from patients who underwent primary
THA via DAA for hip osteoarthritis between July 2020 and
April 2025 at our hospital. Patients with THA due to femoral
neck fractures or a history of hematological or bleeding disor-
ders were excluded. The use of ORC powder in all THA pro-
cedures commenced in June 2024 following its approval for use
at our institution. Patient data were retrieved from the electronic
medical records system. The medical records of the remaining
133 patients were reviewed to obtain demographic and clinical
information including age at surgery, sex, body mass index,
American Society of Anesthesiologists Physical Status, opera-
tive time, and intraoperative bleeding volume. Laboratory data
such as hemoglobin (Hb), hematocrit (Hct), and C-reactive pro-
tein (CRP) levels measured preoperatively and on postoperative
days (POD) 1 and 7 were reviewed. Adverse events, including
superficial or deep infections and venous thromboembolism,
were evaluated. Autologous blood deposition was performed
in patients with a preoperative Hb of 11 or higher, without seri-
ous cardiac disease, and with a request from the patient for
autologous blood storage. In cases where autologous blood
deposition was performed, 400 cc of blood was collected at
least two weeks prior to surgery. In cases where autologous
blood was collected, the blood was transfused on the day after
surgery or the following day.

All patients were provided informed consent, and the study
protocol was approved by the institutional review board of the
authors’ affiliated institution (R24-094).

Outcome measures

The primary outcome was perioperative blood management
evaluated using estimated total blood loss (eTBL) and hidden
blood loss (HBL). Secondary outcomes included trends in
Hb, Hct, and CRP levels, as well as the incidence of adverse
events, including superficial or deep infection, and venous
thromboembolism (deep vein thrombosis, symptomatic pul-
monary embolism). Postoperative pain was evaluated using a
numeric rating scale (NRS) [16], were evaluated. Clinical out-
comes were assessed using the Japanese Orthopedic Associa-
tion (JOA) score [17]. This evaluation system consists of a

100-point scale comprising four subcategories, i.e., pain around
the hip joint (40 points), range of motion (20 points), walking
ability (20 points), and activity of daily living (20 points), with
higher scores indicating better conditions.

The eTBL was calculated using the Gross equation [18]:
eTBL (mL) = preoperative blood volume (PBV)� (preoperative
Hct � postoperative Hct)/average Hct + allogeneic or autolo-
gousblood transfusionvolume.HBL (mL)= eTBL� intraopera-
tive bleeding volume.

The PBV was calculated using the method proposed by
Nadler et al. [19]: PBV (mL) = k1 � height3 (m) + k2 � body
weight (kg) + k3 (for men: k1 = 0.3669, k2 = 0.03219, and
k3 = 0.6041; for women: k1 = 0.3561, k2 = 0.03308, and
k3 = 0.1833).

Surgical procedures

All surgeries were performed via the DAA. A three-dimen-
sional porous titanium cementless cup (SQRUM TT; Kyocera
Medical, Japan) and cementless tapered wedge femoral stems
(J-TaperTM HA stem or Initia stem; Kyocera Medical, Japan)
were used in all cases. Intraoperative digital radiography was
performed following a trial of acetabular and femoral compo-
nent placement to check the implant size and position of fixa-
tion in all cases. ORC powder was applied intraoperatively to
control bleeding from soft tissue and bone tissues, including
the acetabular roof, after reaming, where it was difficult to
coagulate and stop bleeding using an electric scalpel.
1000 mg of TXA was subfascially injected into the joint before
wound closure in all cases. No surgical drains were used. The
standard infection control protocols adhered to the guidelines of
the Centers for Disease Control and Prevention. Patients were
administered antibiotics, such as cefazolin, during surgery and
on POD 1.

Postoperative care interventions

For thrombosis prophylaxis, edoxaban was administered on
the evening of POD1 and continued for 14 days. The dosage
(15 or 30 mg) was determined based on the patient’s body
weight or renal function. Additionally, mechanical thrombopro-
phylaxis, including intermittent pneumatic compression therapy
and elastic stockings, was implemented alongside anticoagulant
therapy. Physiotherapy interventions, such as early postopera-
tive ambulation and physical rehabilitation, were also adminis-
tered to all patients. On POD 1, all the patients commenced full
weight-bearing exercises.

Statistical analyses

Statistical analyses were performed using GraphPad Prism
version 10 (GraphPad Software, San Diego, CA, USA).
Descriptive statistics were used to summarize the baseline char-
acteristics and outcomes. Continuous variables were expressed
as means and standard deviations (SDs). Student’s t-test and
Fisher’s exact test were used to analyze quantitative and quali-
tative variables, respectively. Statistical significance was set at
p < 0.05.
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Results

In total, 133 patients were included in this retrospective
study. Table 1 summarizes the patient demographics and clini-
cal characteristics. The mean patient age was 73.6 ± 8.4 years,
and 85.0% (n = 113) were female. The mean BMI was
24.7 ± 3.9 kg/m2. Preoperatively, the mean hemoglobin (Hb)
level was 12.3 ± 1.2 g/dL, and the mean hematocrit (Hct)
was 37.5% ± 3.2%. No significant differences in patient demo-
graphics were observed between groups.

Table 2 summarizes perioperative hemorrhage parameters.
There were no significant differences in the operative time or
intraoperative blood loss between the two groups. The eTBL
and HBL were both significantly lower in the ORC powder
group (875.8 ± 292.9 mL vs. 679.1 ± 230.1 mL, p < 0.0001,
558.6 ± 264.2 mL vs. 424.1 ± 194.5 mL, p = 0.002, respec-
tively). The number of patients who underwent autologous
blood transfusion was 80.0% (64/80) in the control group and
28.3% (15/53) in the ORC powder group, with the control
group showing a significantly higher rate. No allogeneic blood
transfusions were administered in either group.

Table 3 summarizes the trends in laboratory data and clinical
outcomes before and after surgery. Postoperative Hb and Hct
levels declined on POD 1, with partial recovery on POD 7.
CRP levels returned toward baseline by POD 7, with no signif-
icant differences. The JOA score improved in both groups, and
there was no significant difference between them. Postoperative
pain, assessed using NRS, was significantly lower in the ORC
powder group at POD 7 (2.9 ± 2.2 vs. 1.9 ± 1.6, p = 0.009).

The incidence of postoperative complications is shown in
Table 4. The difference in the incidence of postoperative com-
plications between the groups was not significant.

Discussion

This retrospective study evaluated the efficacy of ORC
powder in primary THA via the DAA. Our results demon-
strated that patients treated with ORC powder had significantly
lower eTBL and HBL compared to those who did not receive
the intervention, without increasing the complication rate. Addi-
tionally, the ORC powder group exhibited reduced postopera-
tive pain on POD7.

Various hemostatic agents have been utilized to control
perioperative bleeding in THA, with TXA and ORC being
commonly employed [10, 11, 20, 21]. The most prevalent
method involves the intravenous or intra-articular administra-
tion of TXA, and its effectiveness in reducing perioperative
blood loss in THA has been well-documented in numerous
studies [10, 20]. The primary mechanism of action of TXA is
the inhibition of the fibrinolytic system, suppressing its activa-
tion by preventing the conversion of plasminogen to plasmin.
This mechanism inhibits fibrinolysis, making TXA a hemo-
static agent associated with secondary coagulation, thereby
facilitating hemostasis.

In contrast, the hemostatic effect of ORC differs from that
of TXA. As a topical absorbable hemostatic agent, ORC is
involved in primary coagulation and promotes clot formation
when applied directly to the bleeding site. Made up of clusters
of ORC fine fibers, SURGICEL� Powder demonstrates en-
hanced in vitro clotting efficiency relative to its individual
ORC fine fiber components, owing to its more advantageous
surface energetics and increased surface area [14]. The fine
powder form of the ORC allows easy and safe application in
areas where hemostasis is challenging with thermal coagulation,
such as acetabular bone tissue after reaming or bleeding from

Table 1. Patient demographics and clinical characteristics.

Total Control group ORC Powder group p-value
133 hips 80 hips 53 hips

Age at operation (years) 73.6 ± 8.4 72.4 ± 9.1 75.1 ± 7.1 0.07
Sex (male/female) 20/113 15/65 5/48 0.11
Height (cm) 153.4 ± 8.0 153.5 ± 7.8 153.2 ± 8.4 0.84
Weight (kg) 58.4 ± 11.6 59.2 ± 11.9 57.3 ± 11.2 0.38
BMI (kg/m2) 24.7 ± 3.9 25.0 ± 4.2 24.3 ± 3.4 0.30
Crowe 1/2/3 100/18/15 63/ 9/ 8 37/ 9/ 7

75.2%/13.5%/11.3% 78.5%/11.3%/10% 69.8%/17.0%/13.2%
ASA-PS 1, 2/3, 4 123/10 73/7 50/3 0.38

Values are expressed as the mean ± standard deviation. BMI, body mass index; ASA-PS, American Society of Anesthesiologists Physical
Status; ORC, oxidized regenerated cellulose.

Table 2. Comparison of perioperative hemorrhage parameters between groups.

Control group ORC Powder group p-value
80 hips 53 hips

Operating time (minutes) 101.7 ± 18.8 95.5 ± 15.5 0.06
Intraoperative bleeding (mL) 317.2 ± 184.1 255.0 ± 179.7 0.06
HBL (mL) 558.6 ± 264.2 424.1 ± 194.5 0.002
eTBL (mL) 875.8 ± 292.9 679.1 ± 230.1 <0.0001
Autologous blood transfusion rate (%) 80.0% (64/80) 28.3% (15/53) <0.0001

Values are expressed as the mean ± standard deviation. HBL, hidden blood loss; eTBL, estimated total blood loss; ORC, oxidized regenerated
cellulose.
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the branches of the obturator artery and surrounding vessels.
Although TXA is associated with secondary coagulation,
ORC is involved in primary coagulation. In this study, the com-
bination of hemostatic agents with distinct mechanisms of ac-
tion demonstrated superior hemostatic efficacy compared to
that of TXA alone. In both groups, the JOA score improved
favorably, with no significant differences in complication rates.

Several studies have investigated the role of ORC powder
in reducing blood loss during orthopedic procedures, including
THA. Wang et al. [12] reported that ORC powder application
significantly reduced the perioperative blood loss in patients
undergoing TKA, yielding favorable clinical outcomes. Simi-
larly, Wakasa et al. [21] evaluated ORC powder use in THA
and found no significant differences in eTBL, HBL, or clinical
outcomes between the intravenous TXA + ORC powder and
intravenous TXA + topical TXA groups. Their study differed
from ours in terms of surgical approach, comparison of topical
TXA and ORC powder, and the absence of postoperative anti-
coagulant drug therapy. However, our results are consistent
with the finding that ORC powder contributes to a reduction
in perioperative bleeding volume without reducing clinical out-
comes in THA.

Interestingly, NRS scores on POD7 were significantly
lower in the ORC powder group, because HBL is regarded
as one of the causes of postoperative wound swelling [22], so
reducing HBL is of high clinical importance. We hypothesized

that the use of the ORC powder may have contributed to the
reduction in postoperative thigh swelling by reducing HBL
and eTBL. If hematoma formation was less frequent in the
ORC powder group, it may reflect effective bleeding control,
particularly in highly vascularized hip joint regions. Further-
more, compared with thermal coagulation hemostasis using
an electric scalpel, hemostasis using ORC powder induces less
tissue damage, which may offer potential benefits in infection
control and minimizing tissue damage [23]. However, this
study did not objectively evaluate postoperative thigh swelling,
highlighting the need for further research to investigate this
aspect.

A key strength of this study was that it clarified the effec-
tiveness of ORC powder in perioperative blood management
during THA via DAA, eliminating the confounding impact of
the surgical approach on blood loss. Despite its strengths, this
study has several limitations that should be considered when
interpreting the results. First, the retrospective nature of the
study and the relatively small sample size may have affected
the reliability of the results. Second, because the study was con-
ducted at a single institution, the findings may not be general-
izable to other clinical settings or populations. Finally, strictly
speaking, there is a possibility that the red blood cell content
differs between MAP transfusion and autologous blood, and
this cannot be ruled out as a factor influencing truly accurate
eTBL calculations. In this study, there was a significantly

Table 3. Trends in laboratory data and clinical outcomes before and after surgery.

Control group ORC powder group p-value
80 hips 53 hips

Hemoglobin level (g/dL)
Preoperative 12.3 ± 1.2 12.5 ± 1.2 0.45
POD1 10.4 ± 1.3 10.7 ± 1.1 0.19
POD7 10.7 ± 1.5 10.4 ± 1.1 0.12

Hematocrit level (%)
Preoperative 37.5 ± 3.2 38.4 ± 3.3 0.14
POD1 31.5 ± 3.8 32.3 ± 3.1 0.17
POD7 32.5 ± 3.6 31.9 ± 3.3 0.32

C-reactive protein (mg/dL)
Preoperative 0.29 ± 0.5 0.44 ± 0.9 0.21
POD7 1.3 ± 1.2 1.2 ± 1.2 0.53

Preoperative JOA score 45.8 ± 10.2 47.1 ± 7.9 0.45
Postoperative JOA score 85.9 ± 8.3 83.2 ± 6.6 0.07
Postoperative pain (NRS)
POD7 2.9 ± 2.2 1.9 ± 1.6 0.009

Values are expressed as the mean ± standard deviation. POD, postoperative days; JOA score, Japanese Orthopedic Association score; NRS,
numeric rating scale; ORC, oxidized regenerated cellulose.

Table 4. Incidence of postoperative complications.

Control group ORC Powder group p-value
80 hips 53 hips

Superficial infection 3.8% (3/80) 0 0.21
Deep infection 0 0
Deep vein thrombosis 1.2% (1/80) 0 0.60
Symptomatic pulmonary embolism 0 0
Revision surgery 0 0

ORC, oxidized regenerated cellulose.
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higher rate of autologous blood storage in the control group,
which may have affected the reliability of accurate eTBL calcu-
lations. However, this study used the same calculation formula
as many previous studies.

In conclusion, the use of ORC powder during THA via the
DAA can effectively reduce perioperative blood loss without
increasing complication rates. These findings suggest that
ORC powder has the potential to be a valuable adjunct in opti-
mizing blood management strategies in THA.

Acknowledgments

We thank Editage (https://www.editage.com) for editing the draft
of this manuscript.

Funding

This study was supported by a scholarship grant from Teijin
Pharma Limited and a Grant-in-Aid for Translational Research, Tokyo
Metropolitan Institute of Gerontology.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Data availability statement

All data generated or analyzed during this study are included in
this published article.

Author contribution statement

All authors have read and approved the final manuscript. TK, KH,
and TM conceived and designed the study. TK, KH, and TM analyzed
and interpreted the data. TK and TM wrote the manuscript. TM super-
vised all the work.

Ethics approval

This study received ethical approval from the institutional review
board of the authors’ affiliated institution under the protocol number
(R24-094).

Informed Consent

Written informed consent was obtained from all patients.

References

1. Learmonth ID, Young C, Rorabeck C (2007) The operation of
the century: total hip replacement. Lancet 370, 1508–1519.

2. Shichman I, Roof M, Askew N, et al. (2023) Projections and
epidemiology of primary hip and knee arthroplasty in Medicare
patients to 2040–2060. JB JS Open Access 8(1), e22.00112.

3. Miao K, Ni S, Zhou X, et al. (2015) Hidden blood loss and its
influential factors after total hip arthroplasty. J Orthop Surg Res
10, 36.

4. Liu X, Zhang X, Chen Y, et al. (2011) Hidden blood loss after
total hip arthroplasty. J Arthroplasty 26, 1100–5.e1.

5. Akti S, Zeybek H, Bilekli AB, et al. (2022) The effect of
tranexamic acid on hidden blood loss in total hip arthroplasty. Jt
Dis Relat Surg 33, 102–108.

6. Mortazavi SMJ, Hansen P, Zmistowski B, et al. (2013)
Hematoma following primary total hip arthroplasty: a grave
complication. J Arthroplasty 28, 498–503.

7. Ponnusamy KE, Kim TJ, Khanuja HS (2014) Perioperative
blood transfusions in orthopaedic surgery. J Bone Joint Surg
Am 96, 1836–1844.

8. Sehat KR, Evans RL, Newman JH (2004) Hidden blood loss
following hip and knee arthroplasty: correct management of
blood loss should take hidden loss into account. J Bone Joint
Surg Br 86-B, 561–565.

9. Higgins BT, Barlow DR, Heagerty NE, Lin TJ (2015) Anterior
vs. posterior approach for total hip arthroplasty, a systematic
review and meta-analysis. J Arthroplasty 30, 419–434.

10. Zhao H, Xiang M, Xia Y, et al. (2018) Efficacy of oral
tranexamic acid on blood loss in primary total hip arthroplasty
using a direct anterior approach: a prospective randomized
controlled trial. Int Orthop 42, 2535–2542.

11. Chen S, Wu K, Kong G, et al. (2016) The efficacy of topical
tranexamic acid in total hip arthroplasty: a meta-analysis. BMC
Musculoskelet Disord 17, 81.

12. Wang X, Han Z, Zhang G, et al. (2024) Safety and efficacy of a
novel hemostatic Powder in total knee arthroplasty. Clin Appl
Thromb Hemost 30, 10760296241306748.

13. Li B, Pan W, Sun X, et al. (2023) Hemostatic effect and safety
evaluation of oxidized regenerated cellulose in total knee
arthroplasty- a randomized controlledtrial. BMC Musculoskelet
Disord 24, 797.

14. Wang AY, Rafalko J, MacDonald M, et al. (2017) Absorbable
hemostatic aggregates. ACS Biomater Sci Eng 3, 3675–3686.

15. Al-Attar N, de Jonge E, Kocharian R, et al. (2023) Safety and
hemostatic effectiveness of SURGICEL� Powder in mild and
moderate intraoperative bleeding. Clin Appl Thromb Hemost 29,
10760296231190376.

16. Fillingim RB, Loeser JD, Baron R, Edwards RR (2016)
Assessment of chronic pain: Domains, methods, and mecha-
nisms. J Pain 17, T10–20.

17. Kuribayashi M, Takahashi KA, Fujioka M, et al. (2010)
Reliability and validity of the Japanese Orthopaedic Association
hip score. J Orthop Sci 15, 452–458.

18. Gross JB (1983) Estimating allowable blood loss: corrected for
dilution. Anesthesiology 58, 277–280.

19. Nadler SB, Hidalgo JH, Bloch T (1962) Prediction of blood
volume in normal human adults. Surgery 51, 224–232.

20. Zha G-C, Zhu X-R, Wang L, Li H-W (2022) Tranexamic acid
reduces blood loss in primary total hip arthroplasty performed
using the direct anterior approach: a one-center retrospective
observational study. J Orthop Traumatol 23, 12.

21. Wakasa J, Iwakiri K, Ohta Y, et al. (2024) Perioperative
bleeding control in total hip arthroplasty: hemostatic powder vs.
tranexamic acid-a prospective randomized controlled trial. Arch
Orthop Trauma Surg 144, 3797–3805.

22. Lu Q, Peng H, Zhou G-J, Yin D (2018) Perioperative blood
management strategies for total knee arthroplasty. Orthop Surg
10, 8–16.

23. Derriks JHG, Hilgersom NFJ, Middelkoop E, et al. (2020)
Electrocautery in arthroscopic surgery: intra-articular fluid
temperatures above 43 C cause potential tissue damage. Knee
Surg Sports Traumatol Arthrosc 28, 2270–2278.

Cite this article as: Kaneko T, Hayakawa K &Miyazaki T (2025) Clinical efficacy of oxidized regenerated cellulose powder in perioperative
blood management in direct anterior total hip arthroplasty. SICOT-J 11, 36. https://doi.org/10.1051/sicotj/2025036.

T. Kaneko et al.: SICOT-J 2025, 11, 36 5

https://www.editage.com
https://doi.org/10.1051/sicotj/2025036

	Introduction
	Materials and methods
	Patient population
	Outcome measures
	Surgical procedures
	Postoperative care interventions
	Statistical analyses

	Results
	Discussion
	Acknowledgments
	Funding
	Conflicts of interest
	Data availability statement
	Author contribution statement
	Ethics approval
	Informed Consent
	References

