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Abstract
Background  Oxidised regenerative cellulose (ORC) is an absorbable haemostatic agent that acts independently 
on the blood coagulation mechanisms. Although ORC products have been used as adjuncts in various surgical 
procedures, their haemostatic effect, particularly the powder type (Surgicel®-P), during primary total hip arthroplasty 
(THA) remains uncertain. This study aimed to evaluate the effectiveness and safety of ORC powder in patients 
undergoing primary THA.

Methods  This study included 279 patients who underwent primary THA between January 2022 and July 2024, and 
they were divided into two groups based on the use of ORC powder: the control (n = 138) and SC (SurgiCel group, 
n = 141) groups. Data on perioperative outcomes, including operative time, total blood loss (TBL), intraoperative blood 
loss (IBL), hidden blood loss (HBL), haemoglobin (Hb) drops, and complication rates over 3 months, were collected 
and compared between the two groups.

Results  The mean IBL was significantly lower in the SC group (197.1 mL) than in the control group (243.5 mL) 
(P < 0.001). The total operative time (P = 0.465), procedure time (P = 0.117), TBL (P = 0.167), and HBL (P = 0.771) showed 
no significant differences. The mean postoperative Hb drop was significantly different between the control and SC 
groups (1.5 vs. 1.0 g/dL, P < 0.001). Similarly, the mean postoperative day 1 Hb drop was significantly lower in the SC 
group than in the control group (1.7 vs. 2.0 g/dL, P = 0.013). Complication rates showed no significant differences 
during the 3-month postoperative follow-up.

Conclusions  ORC powder significantly reduced IBL and postoperative Hb drops without any comparable 
complications in patients undergoing primary THA. These findings suggest that ORC powder is a safe and effective 
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Introduction
Total hip arthroplasty (THA) is one of the most success-
ful orthopaedic procedures for treating end-stage hip 
arthritis, significantly improving patient mobility and 
quality of life [1–3]. However, despite its benefits, the 
postoperative complications such as blood loss, wound 
dehiscence, and dislocation, remain challenges that need 
to be addressed [4, 5]. Notably, significant blood loss 
during the THA procedures is almost unavoidable, with 
reports indicating approximately 1.0–1.5 L of total blood 
loss (TBL) [4, 6]. This substantial blood loss during THA 
causes postoperative anaemia and often necessitates allo-
geneic blood transfusion, which increases morbidity and 
carries potential risks for transfusion-related complica-
tions [7]. Therefore, reducing blood loss during THA is 
crucial for minimizing postoperative complications, and 
various haemostatic methods have been employed to 
achieve this goal [2, 6].

Haemostatic materials, including bone wax, haemosta-
sis-osteogenesis integrated materials, and biodegradable 
materials, have been widely used in orthopaedic surger-
ies, demonstrating effectiveness in controlling periopera-
tive blood loss [8]. Among these, oxidised regenerative 
cellulose (ORC) is a biodegradable haemostatic agent 
that acts independently on the blood coagulation mecha-
nisms of the body [9–11]. ORC has proven to be effective 
and safe as an absorbable haemostat in various surgeries, 
including neurosurgery, thoracic surgery, general surgery, 
and total knee arthroplasty [12–15].

Unlike traditional fabric forms, the absorbable ORC 
powder, prefilled in an applicator, can be directly dis-
pensed onto a target bleeding site during surgical pro-
cedures [10]. The unique properties of the powder allow 
it to effectively cover large surgical fields, including deep 
bleeding sites when ligation or other conventional meth-
ods of control are impractical or ineffective [10, 15]. 
Reducing continuous oozing can minimise intraoperative 
bleeding and facilitate better surgical field visualization. 
It may also reduce postoperative bleeding, hemoglobin 
(Hb) drop, and blood transfusion requirements. There-
fore, we hypothesised that these properties make ORC 
powder an ideal adjunct for reducing intraoperative 
blood loss (IBL) during THA. However, there is limited 
data on the efficacy of ORC powder in hip surgeries, and 
its haemostatic effect during primary THA procedures 
remains unclear. Therefore, this retrospective cohort 
study aimed to evaluate the effectiveness and safety of 
ORC powder in patients undergoing primary THA.

Materials and methods
This retrospective analysis was conducted at a single 
institution where THA is routinely performed follow-
ing the guidelines of the Strengthening the Reporting of 
Observational Studies in Epidemiology study [16]. Our 
institutional review board (No. 30-2025-2) approved the 
concepts and procedures of the study.

Study design and patients groups
We retrospectively reviewed the medical records of 
patients who underwent THA between January 27, 2022, 
and July 31, 2024. The ORC powder (Surgicel®-P, ETHI-
CON Inc., Somerville, New Jersey, USA) has been rou-
tinely used for THA procedures since 8 June 2023, under 
the practice of a single experienced senior surgeon at 
our institution. Thus, the study population (time-based 
grouping based on 8 June 2023) was divided according to 
the use of ORC powder between 27 January 2022, and 31 
July 2024 (Fig. 1a). The inclusion criteria comprised cases 
of THA performed at our institution between 27 Janu-
ary 2022, and 31 July 2024, with follow-up for > 3 months 
(n = 572). The exclusion criteria for patients were as fol-
lows: (1) bilateral THA in single admission (n = 227); (2) 
THA due to trauma (n = 15); (3) history of prior surgery 
in the affected hip (n = 8); (4) revisional THA (n = 2); (5) 
medical history of coagulation disorders (n = 6); and (6) 
current usage of antiplatelet and/or anticoagulation 
agents (n = 35). After excluding 293 cases, a total of 279 
hips from 269 patients were included in the final analy-
sis. These were divided into two groups based on ORC 
powder usage: the control (n = 138, no ORC powder dur-
ing THA) and SC (n = 141, SurgiCel group, ORC powder 
usage during THA) groups (Fig. 1b).

THA procedures
All included patients underwent primary THA per-
formed by a single senior surgeon who is a specialist in 
managing hip diseases. The procedure was performed 
under spinal anaesthesia using the posterolateral 
approach. Each patient received 500  mg of tranexamic 
acid (mixed with 50 mL normal saline) intravenously 
before the skin incision. Following the incision through 
the subcutaneous tissues, posterior soft tissue dissec-
tion was performed, and electrocautery was used for 
mechanical coagulation. In the SC group, ORC powder 
was applied broadly to areas with blood oozing in the soft 
tissues (Fig.  2). The femoral head was dislocated poste-
riorly, and the femoral neck was cut at the appropriate 
level and angle based on preoperative templating of the 

haemostatic agent during primary THA procedures, which may be a valuable adjuvant for reducing blood loss and 
potential to reduce blood transfusion requirements.
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Fig. 2  Intraoperative view for the use of oxidised regenerative cellulose powder product. (a) During the total hip arthroplasty (THA) procedure, Surgicel® 
powder was applied to the visible oozing area around the quadratus femoris after dividing the proximal two-thirds of the quadratus femoris and cutting 
the piriformis muscle and the short external rotators. (b) The application of ORC powder provides a consistent dosage per use, regardless of orientation, 
minimizing product waste. In other words, with a single push when needed, a consistent amount is instantly dispensed, allowing for multiple effective 
applications without prolonging the surgical time (c) After the femoral and acetabular procedures with irrigation, no bleeding was detected in the dark-
stained quadratus femoris area

 

Fig. 1  The study protocols. (a) Study design for using oxidised regenerative cellulose powder. (b) Study flowchart
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trial components. A second application of ORC powder 
was applied around the capsule where further oozing 
was observed after the femoral neck was cut. Acetabu-
lar reaming was performed using an appropriately sized 
reamer, followed by the insertion of the actual acetabu-
lar component. Next, the femoral procedures were per-
formed in sequence: serial rasping on the femoral side, 
verifying the correct size of the femoral component and 
acetabular cup position via intraoperative radiography, 
inserting the final femoral component, and manually 
testing joint stability. Before saline irrigation, electrocau-
tery coagulation was performed on any observed active 
bleeding sites. In the SC group, a final application of ORC 
powder was made to blood-oozing areas. After irrigation 
with normal saline, posterior soft tissues, including cap-
sules, muscles, and fascia, were sutured layer by layer. A 
suction drain was not used in any of the patients.

Outcome measures
Patient data from our hospital database were retrospec-
tively collected and comparatively analysed between 
the two groups. The baseline characteristics collected 
included the demographic variables, patient status, and 
laboratory data. Demographic variables included sex, 
age, body mass index (BMI), diagnosis of hip conditions 
(primary osteoarthritis [OA], osteonecrosis of the femo-
ral head [ONFH], dysplastic OA, others, or unspecified), 
and direction of the primary THA (right and left). Patient 
status was assessed using the American Society of Anaes-
thesiologists (ASA) grade, Charlson Comorbidity Index 
(CCI) score, comorbidities (hypertension, diabetes mel-
litus, and dyslipidaemia), smoking history, and preop-
erative blood volume (PBV). PBV was calculated using 
the method proposed by Nadler et al.: k1×{height(m)}3 
+ k2×{weight(kg)} + k3 (For men, k1 = 0.366, k2 = 0.032, 
and k3 = 0.604; for women, k1 = 0.356, k2 = 0.033, and 
k3 = 0.183) [17]. Baseline laboratory data comprised pre-
operative Hb, haematocrit (Hct), platelet, and coagu-
lation index, including prothrombin time (PT), PT 
international normalised ratio (INR), and activated par-
tial PT (aPTT).

The perioperative outcomes assessed in this study 
included total operative time (from the start to the end 
of anaesthesia), procedure time (from the time of surgical 
incision to the end of suturing), hospital stay, and blood 
loss-related variables. The blood loss-related variables 
included TBL, IBL, hidden blood loss (HBL), postop-
erative Hb drop, and postoperative day 1 Hb drop. TBL 
was calculated using the Gross method: PBV × ([pre-
operative Hct– minimum-allowable Hct]/[the average 
of the preoperative and minimum-allowable Hct]) [18]. 
IBL was calculated as follows: total volume collected in 
the suction bottle + blood volume absorbed by gauze 
(measured by postoperative gauze weight– net gauze 

weight)– intraoperative irrigation volume. Following 
THA, a complete blood count was routinely performed 
postoperatively, with an additional laboratory test con-
ducted on postoperative day 1 and follow-up tests every 
3 days during hospital stays. The postoperative Hb drop 
was defined as preoperative Hb level– postoperative Hb 
level, while the postoperative day 1 Hb drop was defined 
as preoperative Hb level– postoperative day 1 Hb level.

Complications monitored during the 3-month follow-
up included allogeneic blood transfusion during the 
postoperative period, deep vein thrombosis (DVT), intra-
muscular venous thrombosis, pulmonary embolism (PE), 
wound-related challenges, early infection, and 90-day 
unplanned readmission.

Statistical analysis
Statistical analyses were conducted using Python (ver-
sion 3.11.5., Python Software Foundation, Wilmington, 
DE, USA) with matplotlib (version 3.7.2.). Normal dis-
tribution was assessed using the Kolmogorov–Smirnov 
test. Based on the assessment of data homogeneity or 
heteroscedasticity, the Student’s independent t-test was 
applied for continuous variables, and the chi-square 
test for categorical variables. A multivariate regression 
analysis was performed using the backward elimination 
method to identify the factors influencing postoperative 
Hb levels among the variables included in this study. Sta-
tistical significance was set at P < 0.05.

Results
Baseline characteristics between the two groups
The mean age in the control and SC groups was 56.1 
and 55.1 years, respectively, with no statistical difference 
(P = 0.522). The mean BMI was 25.6 and 25.4  kg/m2 in 
the control and the SC groups, respectively (P = 0.665). 
The primary diagnoses among patients who underwent 
primary THA were ONFH (42.7%) and dysplastic OA 
(42.7%). The two groups showed no significant differ-
ence regarding hip diagnosis (P = 0.379). The majority of 
patients in both groups were classified as ASA grade II, 
comprising 80.4% of the control group and 76.6% of the 
SC group with no significant difference (P = 0.595). Addi-
tionally, the mean CCI score (P = 0.144), comorbidities 
(P > 0.05 for all), and smoking history (P = 0.395) were not 
significantly different between both groups. The mean 
PBV values were 4,155.5 and 4,141.2 mL in the control 
and SC groups (P = 0.879), respectively, while the mean 
preoperative Hb levels were 13.9  g/dL and 13.7  g/dL in 
the control and SC groups (P = 0.148), respectively. Pre-
operative laboratory findings also showed no significant 
differences between the two groups (P > 0.05 for all). 
Table  1 details the baseline characteristics of the study 
participants.
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Perioperative outcomes between the two groups
The total operative time (P = 0.465) and procedure time 
(P = 0.117) were 112.7  min and 66.7  min in the con-
trol group and 111.1 min and 63.7 min in the SC group, 
respectively. The proportion of patients with hospital 
stays > 2 weeks was not significantly different between 
the two groups (P = 0.508). The mean TBL were 876.8 mL 
and 817.5 mL in the control and SC groups (P = 0.167), 
respectively. However, the mean IBL was significantly 
lower in the SC group than in the control group (197.1 
vs. 243.5 mL, P < 0.001). The mean HBL was not sig-
nificantly different between the two groups (P = 0.771) 
(Table 2). The mean postoperative Hb drop (1.0 vs. 1.5 g/
dL, P < 0.001, Fig. 3a) and mean postoperative day 1 Hb 
drop (1.7 vs. 2.0 g/dL, P = 0.013; Fig. 3b) were significantly 
lower in the SC group than in the control group.

Meanwhile, when we extracted patients with a moder-
ate grade of CCI (3 or 4), the results were consistent with 
the main findings observed in the total included patient 

population. The SC group (n = 16) was significantly 
lower in the mean IBL (191.2mL vs. 218.8mL, P = 0.029) 
and the mean postoperative Hb drop (0.9 g/dL vs. 1.4 g/
dL, P = 0.036) compared to the control group (n = 24) in 
patients with a moderate grade of CCI.

Complications during the 3-month follow-up between the 
two groups
None of the patients in our retrospective cohort received 
intraoperative allogeneic blood transfusion. Complica-
tions were not significantly different between the two 
groups (P > 0.05 for all). During the postoperative period, 
only two patients (one patient in each group) required 
allogeneic blood transfusion (P = 0.987). DVT and PE 
were observed in the control group, with one patient 
affected by each condition. The 90-day unplanned read-
mission was reported in three patients in the control 
group due to the outbreak of Behcet’s enteritis in one 
patient and pneumonia in two patients (Table 3).

Table 1  Baseline characteristics between two groups in this study
Variables Control group

(n = 138)
SC Group
(n = 141)

P

Demographics
Sex (male: female, n,%) 66:72 (47.8%:52.2%) 60:81 (42.6%:57.4%) 0.376
Age (years, mean ± SD) 56.1 ± 13.4 55.1 ± 13.2 0.522
BMI (kg/m2, mean ± SD) 25.6 ± 3.8 25.4 ± 3.4 0.665
Diagnosis (n, %) 0.379
  Primary OA 11 (8.0%) 18 (12.8%)
  ONFH 64 (46.4%) 55 (39.0%)
  Dysplastic OA 56 (40.6%) 63 (44.7%)
  Others or unspecified 7 (5.0%) 5 (3.5%)
Direction of primary THA (n, %) 0.494
  Right 80 (58.0%) 76 (53.9%)
  Left 58 (42.0%) 65 (46.1%)
Patients’ status
ASA grade (I: II: III, n, %) 21:111:6

(18.9%:80.4%:0.7%)
23:108:10
(16.3%:76.6%:7.1%)

0.595

CCI score (mean ± SD) 1.3 ± 1.1 1.1 ± 1.1 0.144
Comorbidities (yes: no, n, %)
  Hypertension

49:89 (35.5%) 40:101 (28.4%) 0.201

  Diabetes mellitus 9:129 (6.5%) 11:130 (7.8%) 0.679
  Dyslipidemia 39:99 (28.3%) 36:105 (25.5%) 0.607
Smoking (yes: no, n, %) 29:109 (26.6%) 24:117 (17.0%) 0.395
PBV (mL, mean ± SD) 4155.5 ± 774.0 4141.2 ± 793.5 0.879
Baseline laboratory findings
Preoperative Hb (g/L, mean ± SD) 13.9 ± 1.5 13.7 ± 1.2 0.148
Preoperative Hct (%, mean ± SD) 41.2 ± 4.0 41.4 ± 3.6 0.585
Preoperative platelet (×109 /L, mean ± SD) 254.5 ± 56.1 262.8 ± 58.2 0.227
Preoperative coagulation index (mean ± SD)
  PT (sec) 10.7 ± 0.7 11.3 ± 8.5 0.354
  PT INR (n) 1.5 ± 4.5 1.8 ± 5.6 0.666
  aPTT (sec, n) 27.3 ± 19.2 30.2 ± 35.7 0.397
BMI, Body mass index; OA, Osteoarthritis; ONFH, Osteonecrosis of the femoral head; ASA, American Society of Anesthesiologists; CCI, Charlson Comorbidity Index; 
PBV, Preoperative blood volume; Hb, Hemoglobin; Hct, Hematocrit; PT, Prothrombin time; INR, International normalized ratio; aPTT, Activated partial prothrombin 
time
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Multivariate regression analysis for the postoperative hb 
drop
Using the backward elimination method in multivari-
ate regression analysis, two factors were identified as 
potentially influencing the postoperative Hb drop. ORC 
powder application significantly affected the postop-
erative Hb drop in the primary THA patients (B = − 0.49, 
β=−0.338, P < 0.001). Additionally, the type of hip disease 
significantly affected the postoperative Hb drop (B = 0.15, 
β = 0.150, P = 0.008) (Table 4).

Table 2  Perioperative outcomes between two groups in this study
Variables Control group

(n = 138)
SC Group
(n = 141)

P

Operative time and hospital stay
Total operative time (min, mean ± SD) 112.7 ± 18.3 111.1 ± 19.4 0.465
Procedure time (min, mean ± SD) 66.7 ± 14.7 63.7 ± 16.8 0.117
Hospital stay more than two weeks (n, %) 19 (13.8%) 24 (17.0%) 0.508
Blood loss-related variables
Total blood loss (mL, mean ± SD) 876.8 ± 369.2 817.5 ± 342.4 0.167
Intraoperative blood loss (mL, mean ± SD) 243.5 ± 86.9 197.1 ± 77.9 < 0.001
Hidden blood loss (mL, mean ± SD) 632.7 ± 357.1 620.4 ± 342.0 0.771
Total operative time was determined from the start of anesthesia to the end of anesthesia

Procedure time was determined from the start time of the surgical incision to the end of the suture

Postoperative Hb drop was calculated as preoperative Hb level– postoperative Hb level

Postoperative day 1 Hb drop was calculated as preoperative Hb level– postoperative day 1 Hb level

Hb, hemoglobin

Table 3  Complication rates for three months follow-up between 
two groups in this study
Variables Control group

(n = 138)
SC Group
(n = 141)

P

Transfusion (n, %) 1 (0.7%) 1 (0.7%) 0.987
DVT (n, %) 1 (0.7%) 0 0.311
IVT (n, %) 0 0 N/A
PE (n, %) 1 (0.7%) 0 0.311
Wound-related problems (n, %) 3 (2.2%) 1 (0.7%) 0.303
Early infection (n) 1 (0.7%) 0 0.311
90-day unplanned readmission (n) 3 (2.2%) 0 0.078
DVT, deep vein thrombosis; IVT, intramuscular venous thrombosis; PE, 
pulmonary embolism; 90-day unplanned re-admission: Behcet enteritis (1), 
pneumonia (2)

Table 4  Multivariate regression analysis for the postoperative hemoglobin drop
Postoperative Hb drop Unstandardized coefficient Standardized coefficient t P

B SE 95% CI β
Use of ORC powder -0.49 0.08 -0.65 − -0.33 -0.338 -6.06 < 0.001
Diagnosis 0.15 0.06 0.04 − 0.26 0.150 2.69 0.008
Multivariate regression analysis for the postoperative Hb drop was calculated with the backward elimination method for included variables in this study. Hb, 
hemoglobin; ORC, Oxidized regenerated cellulose

Fig. 3  Haemoglobin (Hb) drop between the control and SC groups. (A) A jitter scatter plot with box plot of postoperative Hb drop (Preoperative Hb– 
Postoperative Hb). (B) A jitter scatter plot with box plot of postoperative day 1 Hb drop (Preoperative Hb– Postoperative day 1 Hb)
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Subgroup analysis for perioperative outcomes between 
ONFH and dysplastic OA
Based on the result from the multivariate regression 
analysis, a subgroup analysis was conducted to compare 
perioperative outcomes between patients with dysplastic 
OA and ONFH. The analysis revealed a significant differ-
ence in the mean postoperative Hb drop with ORC use 
(1.1 in dysplastic OA vs. 0.9 in ONFH, P = 0.048) and the 
mean postoperative day 1 Hb drop with ORC use (1.9 
in dysplastic OA vs. 1.5 in ONFH, P = 0.002). The use 
of ORC significantly reduced IBL (P = 0.003 in dysplas-
tic OA, P = 0.014 in ONFH) and postoperative Hb drop 
(P < 0.001 in dysplastic OA and ONFH), irrespective of 
the disease type. Moreover, postoperative day 1 Hb drop 
was significantly reduced in ONFH (1.8 without ORC, 1.5 
with ORC, P = 0.040) but not in dysplastic OA (2.0 with-
out ORC, 1.9 with ORC, P = 0.440). Meanwhile, the pro-
cedure time, TBL, IBL, and HBL were not significantly 
different between ONFH and dysplastic OA (P > 0.05 for 
all).

Discussion
Although THA has shown favourable long-term out-
comes in managing patients with end-stage hip diseases, 
substantial perioperative blood loss remains a significant 
concern, leading to increased morbidity, mortality, and 
socioeconomic burdens [2, 5, 19]. Perioperative blood 
loss in patients who underwent arthroplasty is commonly 
managed and prevented with adjuvant methods using 
haemostatic materials such as tranexamic acid injection 
[2]. Given the limited use of ORC powder in elective hip 
surgeries, we retrospectively assessed its haemostatic 
effect during THA procedures. Our study demonstrated 
that the application of ORC powder effectively reduced 
IBL and postoperative Hb drops without significantly 
increasing complications. Furthermore, subgroup analy-
sis revealed that the reduction in postoperative Hb drop 
was significantly greater in patients with ONFH com-
pared with those with dysplastic OA. Therefore, our find-
ings suggest that ORC is a safe and effective adjuvant 
for reducing IBL and postoperative Hb drop in patients 
undergoing THA.

Notable findings of this study focused on periopera-
tive blood loss and Hb drop in THA procedures. First, 
the use of ORC powder significantly reduced IBL without 
increasing HBL or TBL during THA procedure. Second, 
ORC powder contributed significant reduction in post-
operative Hb drop, particularly up to postoperative day 1. 
Interestingly, the application of ORC powder provides a 
consistent dosage per use, regardless of orientation, mini-
mizing product waste [20]. In other words, with a single 
push when needed, a constant amount of ORC powder 
is instantly dispensed, allowing for multiple effective 
applications without prolonging the procedure time. This 

ease of application ensures that its use does not lead to 
an increase in procedure time, as presented in our result. 
Therefore, the use of ORC powder during THA effec-
tively reduced intraoperative bleeding and postoperative 
Hb drop, thereby contributing to a potential reduction in 
blood transfusion requirements.

ORC is a plant-based polymer consisting of continuous 
fibres that provide mechanical haemostatic properties, 
making it effective as a topical haemostatic agent, includ-
ing a matrix for clot formation, platelet activation, and 
platelet adhesion [9, 15]. Furthermore, the powder form 
of ORC products was developed to help control mild-
to-moderate bleeding over a broad or uneven range of 
tissue surfaces [10]. Conventional methods such as sutur-
ing, ligation, or electrocautery often fall short in control-
ling soft tissue bleeding from capillaries, veins, and small 
arteries or diffuse bleeding in broad or deep areas, par-
ticularly near critical nerves or blood vessels, which is 
often experienced in THA procedures [7, 10]. However, 
studies assessing the efficacy and safety of Surgicel®-P 
in THA procedures are lacking. Previous research has 
only explored the haemostatic effects of structured, non-
woven ORC products in THA performed via an antero-
lateral approach [21]. In a study by Wang et al., ORC was 
applied just before incision closure, resulting in reduced 
HBL and Hb loss [21]. However, our study is the first to 
utilise powder formulations in THA, and unlike other 
materials, Surgicel®-P offers the distinct advantage of 
being used frequently during THA via a posterolateral 
approach.

AI-Attar et al. conducted a postmarket clinical trial to 
assess the safety and effectiveness of Surgicel®-P in man-
aging mild-to-moderate intraoperative bleeding [10]. 
This multicentre study, which included cardiothoracic, 
abdominal, gynaecological, and urological surgeries, con-
firmed the safety and efficacy of Surgicel®-P in control-
ling parenchymal surgical bleeding [10]. Furthermore, a 
notable advantage of Surgicel®-P is its intuitive and easy-
to-use nature, regardless of the device orientation during 
surgical procedures [10]. However, limited information 
is available on the use of ORC products in orthopaedic 
surgery. Li et al. demonstrated that ORC could effectively 
reduce postoperative blood loss in patients undergoing 
total knee arthroplasty, as shown in a prospective ran-
domised controlled trial [15]. These results, together with 
our findings, suggest that ORC products are safe and 
effective haemostatic agents in arthroplasty [15].

Our analysis of blood loss-related perioperative out-
comes showed that the use of Surgicel®-P significantly 
reduced IBL during THA. However, HBL showed no sig-
nificant difference with the Surgicel®-P application. This 
contrasts with findings from previous studies on arthro-
plasty, which reported a significant reduction in HBL but 
no significant differences in IBL [15, 21]. However, these 
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studies used fillable ORC materials, not the powder form. 
Fillable materials applied to the bony surface can reduce 
the soft tissue gap and create a tamponade effect, which 
may help control ‘invisible bleeding’ and thus reduce HBL 
[10, 15, 21]. However, their frequency of use is limited 
during surgical procedures. In contrast, Surgicel®-P offers 
the advantage of being readily available for repeated use, 
which is reflected in reduced IBL [10]. Furthermore, the 
use of ORC products may reduce the need for additional 
electrocoagulation during surgical procedures, thereby 
preventing unnecessary soft tissue injury, bleeding, and 
nerve damage [10]. These findings suggest that surgeons 
should carefully select the appropriate type of topical 
haemostatic agent during preoperative planning.

ORC functions independently of the blood coagulation 
mechanisms and has a natural affinity for Hb in eryth-
rocytes, which aids in the clotting process and reduces 
further blood loss [11]. Multiple mechanisms may con-
tribute to the reduction of postoperative Hb loss in the 
joint cavity and bone: the transformation into a dark 
brown gelatinous material due to red blood cell degra-
dation and acid haematin production, vasoconstriction, 
platelet aggregation, and adhesion facilitated by the local 
low-PH environment [15, 21]. Moreover, the powder 
form of ORC may lower the risks of infection, foreign 
body reactions, and compressive-related complications 
compared to other types of ORC [10]. Complications, 
including local swelling, spinal cord compression, and 
haematoma formation, have been reported in previ-
ous studies as case reports [22–24]. Most of these cases 
resulted from the compression of the narrow spinal canal 
after aortic surgery and/or neurosurgery [21, 24]. How-
ever, our study found no significant differences in com-
plication rates with ORC use. Considering the larger joint 
cavity of the hip compared to the spinal canal, we believe 
that the compressive effects are less likely to occur, 
thereby minimising the risk of compression-related com-
plications, reflected in our results.

Our regression analysis indicated that the postopera-
tive Hb drop was influenced by the use of ORC and hip 
disease diagnosis. Our study suggests that the hip disease 
type also influences Hb loss during THA procedures, 
likely due to these variations in surgical techniques, which 
may impact the overall intraoperative outcome [1, 4, 19]. 
Interestingly, our subgroup analysis demonstrated that 
the use of powder ORC during primary THA was more 
beneficial in patients with ONFH compared to those with 
dysplastic hips. For the comparison according to the hip 
disease type, Reddy et al. showed that the patients with 
ONFH had worse outcomes after THA with respect to 
intraoperative blood loss, postoperative transfusion, and 
myocardial infarction, rather than OA [25]. This different 
pattern of intraoperative blood loss between ONFH and 
OA originated from several pathological factors such as 

marrow oedema, synovitis, and altered vascularity [26, 
27]. Therefore, considering the increased intraoperative 
bleeding associated with the pathogenic mechanism of 
ONFH, the powder form of ORC offers the advantage of 
effectively reducing the intraoperative bleeding risks.

This study has several strengths and offers insights for 
future research. We analysed relatively large-sized sample 
(n = 279) to evaluate the haemostatic effect of Surgicel®-P 
during THA procedures. Our findings demonstrated that 
Surgicel®-P is an effective and safe adjuvant material for 
controlling intraoperative bleeding in patients undergo-
ing THA, thereby improving the surgical field. The cost 
per application of ORC was approximately 117 USD in 
South Korea. During the THA procedure, ORC powder 
is primarily applied to areas with oozing around the soft 
tissue or capsule after posterior soft tissue dissection, 
following femoral neck osteotomy, and before final clo-
sure. A single unit is sufficient to address visible bleed-
ing sites during THA. Considering the cost of each unit 
in South Korea, this approach may offer potential cost-
effectiveness for intraoperative management. In future, 
the cost-effectiveness study will be required to strengthen 
our findings. Ultimately, use of ORC powder may con-
tribute to lowering postoperative Hb drop and reducing 
potential transfusion requirements. Furthermore, these 
benefits may help decrease contamination risk and sur-
gical site hematoma, potentially alleviating postopera-
tive pain. However, further studies are needed to confirm 
these effects, which would further strengthen the clinical 
impact of our findings. Since we excluded several popula-
tion who had a medical history of coagulation disorders 
and taking antiplatelet and/or anticoagulant agents, our 
study did not include patients with severe comorbidities 
(such as CCI 5 or higher). Instead, our sub-group analysis 
in patients who had a moderate grade of CCI showed a 
consistent trend for our main results of this study. There-
fore, although our study did not include populations with 
higher Hb goals such as patients with coronary artery 
diseases, ischemic disease, end-stage renal diseases, 
our findings suggested that specific high-risk subgroups 
potentially also benefit most from ORC use in THA. 
However, future studies for high-risk subgroups may be 
essential to strengthen the use of ORC in THA.

This study has some limitations. First, the retrospec-
tive design may introduce biases, such as randomisation 
and selection bias. Although this study is retrospective, 
the balanced distribution between the two groups and 
the consistency in baseline characteristics among our 
study participants help to minimise potential confound-
ing effects. Furthermore, the THA procedures and peri-
operative protocols were conducted by a single senior 
surgeon at our institution, and all patients in this study 
followed the same perioperative management protocols 
after THA via posterolateral approaches, which helped 
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minimise potential bias. Second, our study did not assess 
the clinical and functional outcomes of the patients who 
underwent primary THA. Third, the follow-up period 
was relatively short. Therefore, future research should 
include a randomised controlled trial with a longer fol-
low-up period to validate our findings further.

Conclusions
ORC powder significantly reduced IBL and postoperative 
Hb drops without significant differences in complications 
in patients who underwent primary THA. These findings 
suggest that ORC powder is a safe and effective haemo-
static agent and may be a valuable adjuvant for reducing 
blood loss during primary THA procedures.
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