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Abstract:
Introduction: During spinal surgery, management of intraoperative bleeding and effective hemostasis are required to

clearly visualize the surgical field and to safely perform procedures and positive postoperative outcomes. However, it is

challenging to stop bleeding from the venous plexus around the dural sac due to the potential risk of neural tissue damage.

We aimed to develop hemostatic sheets with appropriate characteristics for spinal surgery, such as softness, appropriate

thickness, biodegradability, thrombin bioactivity, and minimal water-induced expansion.

Methods: Hemostatic sheets were made by dissolving bovine bone-derived gelatin in water and aerating it to form foam,

followed by freeze-drying, crosslinking, and thrombin-soaking. Sheets A to H were produced with different gelatin concen-

trations, foam densities, and crosslinking times by additional heat treatment. The sheets were then soaked in thrombin solu-

tion for enhanced hemostasis. Material properties, such as density, tensile strength, biodegradability, and hemostatic capac-

ity, were evaluated. Sheet efficacy was further assessed with liver bleeding and spinal venous plexus bleeding models in a

miniature pig.

Results: High-density gelatin sheets showed stable shape retention in wet conditions and robust tensile strength. Sheets

with higher density and more crosslinking had prolonged persistence in the pepsin test and lower biodegradability in vivo.

Sheet B, produced from a 4% gelatin solution with heating at 155°C for 4 h, showed the best balance of properties, such as

no deformation cracks, rapid water absorption, minimal expansion, and faster degradation within 10 weeks, compared with

TachoSil and other sheets. In hemostasis models, Sheet B outperformed Avitene and TachoSil, achieving higher success

rates in spinal (four out of six sites) and liver bleeding (five out of five sites) models.

Conclusions: A thrombin-loaded hemostatic sheet produced from 4% gelatin solution with a short heating time for

crosslinking demonstrated well-balanced material properties, such as shape retention, biodegradability, and wet expansion

rate, which resulted in effective hemostasis in in vivo models. These advances may contribute to surgical hemostatic appli-

cations.
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Introduction

Despite surgical advances, intraoperative bleeding remains

a significant issue in spinal surgery, requiring effective he-

mostasis for positive postoperative outcomes. Conventional

methods such as compression, ligation, and thermocoagula-

tion present risks like nerve damage and difficult-to-control

bleeding in intricate surgical sites. Gauze, although com-

monly used, can obstruct the field and lead to rebleeding

upon removal.

To overcome these challenges, gelatin or collagen-based

hemostatic materials are used as alternatives1,2). These mate-

rials, such as Gelfoam and Spongel, absorb blood and apply

pressure to stop bleeding. However, in spinal surgery, they

must be removed afterward to prevent nerve compression

and require thin slicing for narrow sites.

Thrombin, a blood coagulant, is often administered with

gelatin sponges for secondary hemostasis, but this process is
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Table　1.　Properties of the Hemostatic Sheets.

Gelatin 

Solution 

Concen-

tration

Additional 

Heating 

Time at 

155°C

Sheet 

Name

Sheet Density 

(mg/cm3) 

Thrombin-Loaded 

Sheet Density 

(mg/cm3) 

Shape Retention 

Angle (°) 

Pepsin 

Disappear-

ance Time 

(min) 

Disappearance 

Rate In Vivo

4% None Sheet A 17.9±0.9 (n=20) 38.1±1.5 (n=20) 56±5 (n=10) 44 1/2 (50%)

4% 4 h Sheet B 19.3±1.2 (n=20) 42.2±2.9 (n=20) 78±6 (n=10) 182 3/4 (75%)

4% 8 h Sheet C 20.9±0.9 (n=20) 43.6±2.9 (n=20) 72±7 (n=5) 239 3/3 (100%)

4% 12 h Sheet D 20.3±0.9 (n=20) 39.9±2.4 (n=20) 58±3 (n=5) 289 3/3 (100%)

6% None Sheet E 25.0±1.3 (n=20) 52.2±1.6 (n=20) 104±5 (n=5) 103 0/3 (0%)

6% 4 h Sheet F 27.5±1.6 (n=20) 51.1±2.3 (n=20) 109±6 (n=5) 229 2/3 (67%)

6% 8 h Sheet G 31.6±2.1 (n=20) 54.6±2.3 (n=20) 107±6 (n=5) 263 1/6 (17%)

6% 12 h Sheet H 28.5±1.5 (n=20) 56.0±3.1 (n=20) 121±10 (n=5) 336 2/6 (33%)

complex and time-consuming. Dry gelatin sponges contain-

ing thrombin collapse during drying, hindering blood ab-

sorption, whereas fibrin sealants containing human fibrino-

gen and thrombin lack compressible materials. In particular,

TachoSil, a collagen sheet infused with fibrinogen and

thrombin, is not recommended for spinal surgery in Japan

due to its thickness and rigidity.

The current landscape of hemostatic agents has significant

limitations and challenges. The application of thrombin with

gelatin sponges is intricate and time-consuming, while exist-

ing materials often collapse or lose their effectiveness during

use. Products such as TachoSil are too thick and rigid for

delicate spinal procedures, and many materials require re-

moval post-surgery to avoid complications, adding further

risk and complexity.

We have developed a novel hemostatic material designed

to address these specific challenges. This new material is

soft yet stiffens upon blood absorption, allowing it to con-

form to narrow surgical sites without becoming fragile. It in-

corporates a gelatin sponge with thrombin, is approximately

2 mm thick, and is designed to degrade in tissues without

excessive expansion.

This study investigates the effects of various manufactur-

ing processes on the material properties of this hemostatic

agent and compares its efficacy with that of existing hemo-

static materials. By addressing the limitations of current

products, we aim to enhance the effectiveness and safety of

hemostatic methods in spinal surgery, ultimately improving

surgical outcomes.

Materials and Methods

Gelatin sponges loaded with thrombin from gelatin solu-
tion (Sheets A-H)

Bovine bone-derived gelatin (G3287P, Nitta Gelatin Inc.,

Osaka, Japan) was dissolved in purified water heated to

50°C to make gelatin solutions of 4% or 6%. The concentra-

tion of the gelatin solution in our novel material was deter-

mined through extensive trial and error, as there is no exist-

ing literature guiding the optimal concentration for spinal

surgery applications. We settled on 4% and 6% gelatin solu-

tions, which strike an ideal balance between mechanical

strength and flexibility. The solution was mixed with air to

create gelatin foam with densities of 0.33 g/mL or 0.29 g/

mL using a 4% or 6% gelatin solution, respectively. The

foams were dispensed into stainless steel or polyethylene

containers and frozen at −40 to −30°C.

The frozen blocks were then half-thawed at 0°C and cut

into appropriate sizes using a ham slicer (LH30, Hitachi

Koki, Tokyo, Japan). They were placed in a freeze dryer

(Lyoph-3, ULVAC, Kanagawa, Japan) at a shelf temperature

of 0°C and dried under reduced pressure (13.3 Pa) for 96-

141 h. The temperature was then increased to 60°C and the

pressure was reduced to 0 Pa for further drying for 24-72 h

to obtain a gelatin sponge. The sponge was then sliced to a

thickness of approximately 3 mm using the ham slicer.

To obtain crosslinked gelatin sponge, the sliced sponge

was placed in a dry heat sterilizer (DCH-120HL, Alp, To-

kyo, Japan) and heated at 153°C for approximately 200 min,

followed by further heating at 120°C for 7 h. The resulting

crosslinked gelatin sponge was then subjected to an addi-

tional heat treatment at 155°C for 0 (no additional heat

treatment), 4, 8, or 12 h. The resulting products were cut

into sheets 50 mm long and 100 mm wide to obtain sheet

carriers named Sheets A to H based on the process used

(Table 1).

To load approximately 50 IU/cm2 of thrombin, a solution

of recombinant human thrombin (284 IU/mL) was prepared

using a RECOTHROM 20,000 IU Topical Kit and RECO-

THROM 5,000 IU Topical Kit from Baxter (Deerfield, Illi-

nois, USA). Sheets A to H were soaked in 8.8 mL of throm-

bin solution until fully immersed. The soaked sheets were

then frozen in a freeze dryer at −18°C, −8°C, and −10°C for

305 min, 600 min, and 125 min, respectively. They were

dried at 10°C under reduced pressure (133.0 Pa) for 9-12 h,

at 10°C under reduced pressure (73.0 Pa) for 10 h, and at

25°C under reduced pressure (0 Pa) for 2-6 h.

Gelatin sponges loaded with thrombin from commercially
available sponges (Sheets Spo, H-Spo, and Gel)

Commercially available gelatin sponges, Spongel (Ethi-
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con, Inc., Somerville, New Jersey, USA) and Gelfoam

(Pfizer Inc., New York, New York, USA), were sliced to a

thickness of 3 mm and immersed in recombinant human

thrombin to obtain hemostatic sheets loaded with approxi-

mately 50 IU/cm2 of thrombin. They were then referred to

as Sheets Spo and Gel, respectively. The original Spongel

was then heated at 155°C for 4 h, similar to the additional

heat treatment described above. The sheet was sliced to a

thickness of 2.6 mm and also immersed in recombinant hu-

man thrombin, resulting in Sheet H-Spo.

Dimensions (Sheets A-H)

Samples of the hemostatic sheets were cut into 10-mm

squares. For each sample, the density, thickness, and weight

were measured (n=20). The density was calculated by divid-

ing the weight by the volume, where the volume was deter-

mined from the thickness and area of the squares.

Shape retention angle (Sheets A-H, Spo, H-Spo, and Gel)

The shape retention angle of the hemostatic sheets was

assessed to determine their ability to maintain shape under

wet conditions. Sheets were cut into 10 mm by 20 mm

pieces and immersed in saline for 30 min. Subsequently, the

sheets were placed on a steel rod, and images were taken

over 25 s to measure the shape retention angle (n=3-10)

(Fig. 1g).

Biodegradability in vitro (Sheets A-H)

The hemostatic sheet was cut into 50 mg pieces and

placed in the Erlenmeyer flask containing 3100 U/mg pepsin

solution (Wako Pure Chemical Industries, Osaka, Japan).

The flask was shaken at a speed of 78 rpm in a thermostatic

water bath (PERSONAL-11 from TAITEC, Aichi, Japan) set

at a temperature of 37°C until no residual hemostatic sheet

was observed. The disappearance time was measured (n=3).

Deformation tolerance (Sheets B and H)

Sheets B and H were specifically chosen for deformation

tolerance tests due to their distinct material properties, repre-

senting a range of structural compositions within the hemo-

static sheet series. Sheet B was selected for its standard

composition, serving as a baseline for comparison. Sheet H,

having a higher density, was selected to evaluate how in-

creased density affects deformity tolerance. It was hypothe-

sized that Sheet H might exhibit lower deformity tolerance

than Sheet B due to its higher density. The deformation tol-

erance test evaluated the sheets’ ability to withstand me-

chanical deformation without structural failure. Sheets B and

H were pressed along the curved surface of a pipette tip (di-

ameter: 10 mm) to simulate mechanical stress. The pressed

sheets were then inspected under a microscope for the pres-

ence of cracks or tears, which would indicate failure.

Tensile strength (Sheets B, H-Spo, and Spo)

The tensile strength of the hemostatic sheets was assessed

using a custom-built tensile testing apparatus. Sheets were

cut into 15-mm squares and mounted on the apparatus with

one side held by forceps and the other side secured with a

double clip. A conical tube filled with water was attached to

the clip, and water was gradually added to increase the load.

The force required to break the sheet was measured using a

force transducer, and the tensile strength was calculated

from the maximum force applied before failure (n=3) (Fig. 1

h).

Water absorption (Sheet B, Gelfoam, and TachoSil)

Sheet B, TachoSil, and Gelfoam were tested for water ab-

sorption by dropping 0.1 mL of phosphate buffer onto their

surface. Time until liquid disappearance was recorded (n=4).

Expansion rate (Sheet B)

Sheet B samples were moistened with purified water and

imaged over time. Expansion rate was calculated as the per-

centage change in width and thickness from pre-wetted

measurements at various time points (n=4).

In vivo experiments

All animal experiments were performed after obtaining

approval from the Animal Experiment Committee of our in-

stitution and were conducted according to the guidelines of

our institution on the care and use of laboratory animals.

Spinal surgery bleeding model (Sheet B and Avitene)

A bleeding model for spinal surgery was created in an

11-month-old male miniature pig (NIBS). The miniature pig

was chosen for this model due to the anatomical and physi-

ological similarities between the pig and human spines,

which include comparable vertebral size and structure. The

pig was anesthetized with ketamine hydrochloride and main-

tained with a mixture of N2O:O2 and isoflurane. The lamina

was removed to expose the dura matter, and an incision was

made in the peripheral vein of the vertebral vein to induce

bleeding. After confirming the bleeding, hemostasis sheets

(Sheet B) and Avitene were applied near the bleeding site.

The hemostasis process was observed, and additional sheets

were applied if necessary. Hemostasis was considered com-

plete when bleeding stopped for at least 30 s.

Liver bleeding model (Sheet B and TachoSil)

A liver injury model was established in a 21-month-old

male miniature pig using the same anesthesia procedure as

in the spinal surgery bleeding model. The liver was selected

because it is a highly vascular organ, making it an excellent

model for assessing the hemostatic properties of materials

under conditions of significant bleeding. Pigs have a liver

size and structure similar to humans, which facilitates the

translation of experimental findings to potential clinical ap-

plications. A 12-mm-diameter damage plate was pressed

against the liver surface, creating injury and bleeding. He-

mostatic sheets (Sheet B) or TachoSil were applied to the

injured area, and hemostasis was initiated. After application,

bleeding was observed for 5 min. If there was no additional
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Figure　1.　(a, b) Wetting states of Spongel and Gelfoam with a thrombin solution and measurement of shape retention angles. (c, 
d) Images of wet Sheets Spo and Gel, used to measure shape retention angles. (e, f) Images of wet Sheets B and F for measuring 
shape retention angles. (g) Photograph illustrating the method for testing wet shape retention ability. (h) Photograph showing the 
method for measuring tensile strength. 

bleeding during this period, hemostasis was considered com-

plete. If bleeding persisted after 6 min, the bleeding time

was recorded.

Biodegradability in rats (Sheets A-H and TachoSil)

Rats (Wister strain, 7-15 weeks old, male) were anesthe-

tized and laparotomized. Rats are commonly used in biode-

gradability studies due to their well-characterized physiology

and ease of handling. An 8-mm-diameter hole was created

on the liver surface, and Sheets A-H and TachoSil were ap-

plied to the injury site. After no rebleeding was confirmed,

the laparotomy incision was closed and analgesia was ad-

ministered. The disappearance of the hemostatic sheets was

confirmed during a subsequent surgery several weeks later

(n=2-6 rats).

Statistics

Statistical analysis was performed using IBM SPSS statis-

tics for Macintosh, Version 25.0 (Released 2017 IBM Cor,

Armonk, NY). t-tests were used to compare the averages of

continuous variables, whereas chi-square tests were used to

compare the proportions of categorical variables between the

groups. A p-value of <0.05 was considered statistically sig-

nificant.

Results

Dimensions (Sheets A-H)

Table 1 shows the manufacturing process, sheet density,

and thrombin-loaded sheet density. Sheet density and

thrombin-loaded sheet density were higher in the sheets

made from 6% gelatin solution than in those made from 4%

gelatin solution. Additional heat treatment largely did not af-

fect the density.

Shape retention angle (Sheets A-L, Spo, H-Spo, and Gel)

Fig. 1 shows the appearance of the shape retention angle

tests. In this Fig., Sheets B (left) and Gel (right) are placed

side by side on metal rods, and Sheet B clearly tended to re-

tain its original shape, which showed a larger retention angle

Fig. 1(g). Fig. 1(a), 1(b) shows that Sheets Spo and Gel,

which were made from commercially available gelatin

sponges, became softened under wet conditions. Fig. 1(c), 1

(d) present images of these wet Sheets Spo and Gel, which

were used to measure their shape retention angles. On the

other hand, the sheets that we manufactured from gelatin so-

lution largely maintained a sheet shape and a wide angle

even when wet, as shown in Fig. 1(e) (Sheet B), 1(f) (Sheet

F). Table 1 describes all of the shape retention angles.
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Figure　2.　Graph showing the pepsin disappearance time of Sheets A–H. Notably, the sheets demonstrate 

increased resistance to biodegradation, a characteristic attributed to both the additional heat treatment and a 

higher concentration of the gelatin solution. Error bar showing standard deviation. 

Table　2.　Tensile Strength and Shape Retention Angle.

Sheet SH Sheet B Sheet Spo Sheet M

Tensile strength (g) 22±0.3 29±0.3 18±0.0 18±0.0

Shape retention angle (°) 64±5 (n=5) 78±6 (n=10) 20±3 (n=10) 8±2 (n=5)

Biodegradability in vitro (Sheets A-H)

The disappearance time with pepsin widely varied from

44 min (Sheet A) to 336 min (Sheet H) (Table 1, Fig. 2).

This result indicates that both the additional heat treatment

and the concentration of the gelatin solution make the sheet

resistant to biodegradation.

Deformation tolerance (Sheets B and H)

No cracks and tears were observed in any of the five sam-

ples in Sheet B; however, cracks were observed in all five

cases in Sheet H. An increase in density or excessive heat

treatment might decrease deformation tolerance.

Tensile strength (Sheets B, Spo, and H-Spo)

Tensile strengths of Sheets B, Spo, and H-Spo were 29±

0.3 g, 18±0.0 g, and 22±0.3 g, respectively (Table 2). This

result indicated that heat treatment can increase the tensile

strength of gelatin sponges and make them durable during

hemostasis. In addition, the hemostatic sheets with a high

shape retention angle when wet also had a high tensile

strength. Moreover, heat treatment made the sponge durable

(Fig. 3).

Water absorption (Sheet B, Gelfoam, and TachoSil)

The solution dropped on Sheet B was almost immediately

absorbed, with the water absorption time being less than 1 s.

In contrast, TachoSil (both sides) and Gelfoam created an

interfacial tension at the contact surface between the sheet

and the droplet, causing the droplet to be retained. Droplets

were retained for more than 300 s. Our hemostatic sheet

made of a crosslinked gelatin sponge sheet exhibited a

higher water absorption capacity than existing hemostatic

materials, indicating a higher hemostatic efficacy.

Expansion rate (Sheet B)

A width expansion of about 6% was observed in the wet

condition, but no further expansion was detected (Table 3).

A slight decrease in thickness was seen over time. The vol-

ume expanded by about 10%-11% at 1 h after wetting but

returned to the same volume as before wetting after 3 h, ac-

cording to calculations based on width and thickness

changes.
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Figure　3.　Graph showing the tensile strength of Sheets B, Spo, and H-Spo. Bars represent the 95% con-

fidence interval, with the mean indicated by a dot. There were statistically significant differences between 

Sheets B and Spo and between Sheets B and H-Spo. 

Figure　4.　(a) Photograph of the bleeding model during pig spinal surgery, showing reproduced bleeding 

from the epidural vein. (b) Photograph demonstrating the application of hemostatic Sheet B to the bleeding 

point.

Table　3.　Expansion Rate under Wet Conditions.

Time after wetting Immediately 1 h 3 h 6 h

Width expansion (%) 5.9±5.4 5.9±6.1 3.9±5.5 2.8±3.6

Thickness expansion (%) −2.4±8.0 −0.8±8.1 −6.6±2.3 −9.2±6.3

Hemostasis testing using a spinal surgery bleeding model
with a miniature pig (Sheet B and Avitene)

Sheet B was applied to the left side and Avitene was ap-

plied to the right side at the same spinal level of the

epidural venous plexus (Fig. 4(a), (b)). Hemostasis was

achieved in four out of six bleeding sites with Sheet B and

only one out of six bleeding sites in the Avitene group.

Hemostasis testing using a liver bleeding model with a
miniature pig (Sheet B and TachoSil)

Hemorrhage from the liver surface was observed in three

out of five cases with TachoSil, even 6 min after application.

On the other hand, hemostasis was achieved in all injured

sites (five out of five) with Sheet B and the hemostatic time

was 1 min each.

Biodegradability in rats (Sheets A-H and TachoSil)

Most sheets of types A, B, C, and D disappeared within
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10 weeks after implantation, whereas TachoSil and Sheets E,

G, and H remained even 14 weeks after implantation, re-

flecting a lower disappearance rate (0%, 0%, 17%, and

33%, respectively) (Table 1).

Discussion

Topical hemostats can be classified into various catego-

ries, such as mechanical, bioactive, flowable, and sealant

agents, with each serving distinct roles in managing bleed-

ing3). Mechanical agents create physical barriers that slow

bleeding and promote clot formation4). Bioactive hemostats

enhance the clotting process through biological mecha-

nisms5). Although active hemostats are particularly effective

for patients with coagulation disorders, they tend to be cost-

lier6). It is important to note that some animal or human-

derived active hemostats have potential risks of immuno-

genicity and viral contamination, with pooled human plasma

thrombin presenting a viral transmission risk4). In contrast,

recombinant thrombin offers a lower risk of antibody forma-

tion compared with bovine thrombin4,5). The choice of mate-

rials for topical hemostats plays a crucial role in their effec-

tiveness and safety7-18).

Gelatin-based hemostatic sheets are considered a promis-

ing solution due to their biocompatibility and absorbable na-

ture, making them well-tolerated by the body and simplify-

ing postoperative care. To enhance the mechanical properties

of gelatin, it can be heat-treated to promote crosslinking,

thus increasing its strength and durability. In this study, we

aimed to optimize the formulation and manufacturing proc-

ess of these sheets by varying the concentration of the gela-

tin solution and applying different heat treatment parameters

(supplementary file). Thrombin, known for its ability to en-

hance clotting, was incorporated into the sheets to augment

their hemostatic capacity. The addition of thrombin is re-

ported to enhance bleeding control. Floseal is a well-known

flowable agent comprising crosslinked hydrolyzed bovine

gelatin (500- to 600-μm particles) and human thrombin (500

IU/mL). It is a highly efficacious topical hemostatic agent

but cannot apply physical pressure to bleeding points. Thus,

it less effectively stops active bleeding than sheet-type he-

mostats. To overcome this, a dry gelatin sponge containing

thrombin has been proposed. However, this type of sponge

remains unavailable due to sponge collapse during drying,

compromising its blood absorption capacity. In this study,

we used an appropriate heat treatment and drying procedure

to successfully develop a hemostatic sheet loaded with

thrombin and with preserved blood absorption capacity.

Upon application to a bleeding site, the gelatin-based sheet

adheres to the tissue surface, forming a barrier that physi-

cally restricts blood flow and provides a scaffold for clot

formation. The incorporation of thrombin into the sheets en-

sures localized activation of the clotting cascade, leading to

rapid fibrin formation and clot stabilization. This dual-action

mechanism―physical barrier formation and localized throm-

bin activity―effectively stops bleeding by enhancing clot

formation and stability.

The resultant sheets underwent comprehensive testing to

evaluate their mechanical properties, in vivo disappearance

kinetics, and hemostatic efficacy. Sheet B, fabricated using a

4% gelatin solution and heat-treated at 155°C for 4 h, ex-

hibited superior mechanical properties, such as excellent

shape retention under wet conditions and robust tensile

strength. Its selection as the optimal hemostatic agent was

based on its moderate strength and favorable disappearance

properties, which balanced mechanical performance and bio-

degradability, which are critical factors in effective topical

hemostats.

In comparative studies using animal models, Sheet B

demonstrated more effective hemostasis than Avitene in the

pig spine venous plexus bleeding model and achieved hemo-

stasis within 1 min in the pig liver bleeding model, outper-

forming TachoSil. This suggests that Sheet B has better he-

mostatic capacity not only for spinal surgery but also for

general surgery.

The good disappearance property of Sheet B emphasizes

its biodegradability, which is crucial for surgical settings in

which the hemostatic agent may need to remain in contact

with tissues for extended periods. However, sheets with high

gelatin solution density tended to exhibit prolonged disap-

pearance times, raising concerns about potential complica-

tions such as nerve compression and granulomatous reac-

tions.

In summary, the relationship among gelatin concentration,

heat treatment, and sheet density affects their mechanical

properties. Although an increased gelatin concentration and

heat treatment improve mechanical strength, they may hin-

der biodegradation. Consequently, Sheet B, subjected to heat

treatment involving a 4% gelatin solution at 155°C for 4 h,

emerged as the optimal choice, performing exceptionally

well in an in vivo bleeding model.

However, this study has some limitations. First, this study

was conducted using a miniature pig model, which, while

valuable, may not fully replicate human physiology and the

complexities of human spinal surgery. Therefore, the results

may not be directly translatable to human patients. Second,

the in vivo model primarily focuses on venous hemorrhage,

and the effect on arterial hemorrhage remains unverified.

Third, the in vivo biodegradability assessment was limited in

duration. Long-term biodegradability and potential chronic

inflammatory responses were not thoroughly evaluated. Fur-

ther research is needed to address these limitations and ex-

plore the broader applications of Sheet B in various surgical

scenarios.

In conclusion, our newly developed hemostatic sheet

loaded with thrombin is effective for achieving hemostasis

during surgery, particularly during spinal surgery.
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