
pISSN 2466-1384   eISSN 2466-1392
Korean J Vet Res (2020) 60(3):145~153
https://doi.org/10.14405/kjvr.2020.60.3.145

145

ORIGINAL ARTICLE

Effects of poly (ethylene glycol-propylene glycol) copolymer on hemostasis 

and osteogenesis in a rat calvarial defect model

Ha-Eun Kim1, Hun-Young Yoon1,*, Eun-Jin Kim2, Sun-Jong Kim2

1Department of Veterinary Surgery, College of Veterinary Medicine, Konkuk University, Seoul 05029, Korea
2Theracion Biomedical, Seongnam 13201, Korea 

Abstract: This study aimed to evaluate the effects of a bioabsorbable bone hemostatic agent comprising poly (ethylene glycol-
propylene glycol) copolymers (PEG-PPG) on hemostasis and osteogenesis. Bilateral 3 mm diameter calvarial defects were created in
99 male Sprague-Dawley rats. The defects were filled with PEG-PPG or bone wax. The defects of control group were left unfilled.
Virtual autopsy was performed to evaluate bioabsorption. The calvaria were subjected to x-ray microtomography (microCT) and
histological examination. Bone volume fraction (BV/TV) and bone mineral density (BMD) were measured using microCT;
furthermore, white blood cell count and histological examination were performed. After application of PEG-PPG and bone wax,
immediate hemostasis was achieved. Autopsy revealed that PEG-PPG disappeared within 48 h at the application site; in contrast, bone
wax remained until 12 weeks. The PEG-PPG and control groups showed significantly more osteogenesis than the bone wax group
with respect to BV/TV and BMD at 3, 6, and 12 weeks (p < 0.05). Histology revealed that the bone wax group exhibited little bone
formation with inflammation. In contrast, PEG-PPG and control groups showed significantly more qualitative osteogenesis than the
bone wax group (p < 0.01). In conclusion, PEG-PPG showed immediate hemostasis and was absorbed to allow progressive
osteogenesis.
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Introduction

In orthopedic surgery, particularly in neurological surgery, hemostasis has

an important effect on outcome, and uncontrolled hemorrhage may lead to

postoperative complications. In general, hemostasis in soft tissue surgery is

achieved via electrocautery, ligation, or manual pressure [1]; however, these

methods have difficulties accomplishing hemostasis in bone. Bone hemo-

static agents physically block osseous canals containing cancellous bone ves-

sels to control bleeding on cut surfaces [2]. 

Bone wax is a common bone hemostatic agent that has been used for a long

time. Beewax, one of its major components, was first used in 1982 [3,4].

Bone wax is composed of beewax, paraffin, and isopropyl palmitate; refined

beewax, which constitutes 88% of bone wax, is an insoluble material [5].

Because of the hydrophobic nature of bone wax [5], it is not absorbed into the

application site and can cause numerous side-effects [6-18]. 

The most common side-effect of bone wax is inhibition of osteogenesis

[6,7]. The use of bone wax is prohibited in operations requiring bony fusion

because it interferes with bone healing even in small amounts. Bone wax can

act as a foreign body at the application site and can cause inflammation [8-12]

and there is a risk of surgical-site infection [13]. Other reported side effects

include poststernotomy pseudo-arthrosis [14], cervical epidural compression

[15], lower extremity paralysis [16], recurrent epistaxis [17], and saphenous

vein graft thrombosis [18].

Because of the complications of bone wax, alternative absorbable bone

hemostatic agents have been attempted to be developed in order to avoid the

use of nonresorbable bone wax. To reduce the side effects of insoluble mate-

rial, new bone hemostatic agents comprising water-soluble ingredients have

begun to emerge. A pluronic-based bone hemostatic agent consisting hydro-

philic polyethylene glycol (PEG)-polypropylene glycol (PPG)-PEG block
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copolymer not only showed immediate hemostasis but also

was absorbed within 2 days and did not interfere with bone

healing in a rat femur defect model [19]. Ostene® is a com-

mercial bone hemostatic product sold as an alkylene oxide

copolymer [7]. More recently, the safety of PEG-PPG-PEG

copolymer/pregelatinized starch blends was evaluated in in

vitro cytotoxicity tests [20]. No adverse systemic reactions

were observed in in vivo experiments using the tibia rabbit

model, and the substance was absorbed within approxi-

mately 2 days and did not interfere with osteogenesis [11]. 

In the present study, PEG-PPG was evaluated as a new

bioabsorbable bone hemostatic agent. PEG-PPG is com-

posed of poly (ethylene glycol-co-propylene glycol) with a

structure different from that of the existing PEG-PPG-PEG.

The purpose of this study was to evaluate whether PEG-PPG

can achieve immediate hemostasis as a bone hemostatic

agent and whether it interferes with osteogenesis by remain-

ing in the application site in a rat calvarial defect model.

Materials and Methods

Animals

Ninety-nine male Sprague-Dawley rats weighing 260–318 g,

aged 7 weeks, were purchased from Korea (Orient Bio,

Korea), and acclimatized to the environment for a week.

They were housed in individually ventilated cages at 22 ±

2oC, with 55 ± 5% relative humidity, with 12-h day/12-h

night cycles, and free access to water and food. This study

was carried out under specific pathogen–free conditions, and

was approved by the Institutional Animal Care and Use

Committee of Konkuk University, Seoul, Korea (approval

No. KU18006).

Experimental groups

Two types of hemostatic agents, PEG-PPG and bone wax

were used in this study. PEG-PPG mainly consists of poly

(ethylene glycol-co-propylene glycol). Bone wax including

beewax, Vaseline, and isopropyl palmitate was purchased

from Ethicon, Inc. (USA). 

Ninety-nine Sprague-Dawley rats were divided into three

groups and were sacrificed at 3 days, 1 week, and 2, 3, 6, and

12 weeks after surgery. Forty-five rats were used to evaluate

hemostasis and bioabsorption, and autopsies were performed

at 3 days, 1 week, and 2 weeks after surgery (defect number =

90). To evaluate osteogenesis and inflammation, autopsies

were performed in 54 rats at 3, 6, and 12 weeks after surgery

(defect number = 108). All rats received a pair of 3 mm

diameter defects in the calvarium, and both sides of the

defects were filled with the same hemostatic agent. Bilateral

defects created in the control group were left untreated.

Rat calvarial defect model

Ninety-nine 8-week-old male Sprague-Dawley rats were

used to construct the rat calvarial defect model (defect

number = 198). Animals were placed in a small induction

chamber and were anesthetized using 4% isoflurane in oxy-

gen for 2 min. After induction, the rats were transferred from

the induction chamber to the surgical table and were main-

tained with 2% isoflurane via a nose hose [21].

The area to be operated on was sheared and sterilized

using povidone and alcohol. A skin incision was made at

approximately 2 cm from the nasal bone to the bregma using

a No. 15 blade (Fig. 1A). After confirming the periosteum

covering the calvarium, a sagittal midline periosteal incision

was made, and then the periosteum was elevated laterally

using the periosteal elevator. A 3 mm diameter defect was

made on each side of the parietal bone using a trephine drill

(X cube; Saeshin, Korea) (Fig. 1B). The trephine burring rate

did not exceed 1,000 rpm and constant irrigation with sterile

normal saline was performed to prevent thermal damage [21].

Bilateral 3 mm diameter defects were immediately treated

with a hemostatic agent. Defects in the control group were

not filled with the hemostatic agent. The periosteum was

closed using simple interrupted 4-0 absorbable monofila-

ment suture (Monocryl®; Ethicon) (Fig. 1C). Skin closure

was done using 4-0 non-absorbable monofilament suture

Fig. 1. The rat calvarial defect model. (A) Skin incision at approximately 2 cm from the nasal bone to the bregma. (B) Bilateral cal-

varial defect made using a 3 mm diameter circular trephine bur. The assistant fixes the calvarium so that it does not shake and performs

saline irrigation once every 3 sec to avoid thermal damage. (C) Suture is placed on the periosteum avoiding knots to prevent healing

of the defect.
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(Dafilon®; B.Braun, Spain). 

Hemostasis time record

The hemostasis time of 90 defects in the three groups was

measured. The time at which hemostasis was achieved after

the application of each hemostatic agent was recorded. In the

negative control group, the time of hemostasis was recorded

immediately after the defect was made. To assess the condi-

tions in both the control group and the hemostatic agent

application group on a similar scale, approximately 2 sec was

reduced from the time recorded in the control group when

considering for analysis. Immediate hemostasis was based on

10 sec and hemostasis was measured up to 1 min.

Gross examination for bioabsorption

The bioabsorption of the bone hemostatic agent was evalu-

ated by gross examination at autopsy at 3 days, 1 week, and

2 weeks after surgery (defect number = 90). Autopsy con-

firmed the presence of any remaining hemostatic agent in the

defect. For more accurate visual evaluation, calvaria contain-

ing two defects were excised to 1.5 × 1.5 cm using a saw

blade and were placed against a white background to con-

firm that there were no defects left. If a white background

was seen as a defect background, it was judged that bioab-

sorption had occurred and the number of defects in which

bioabsorption appeared was counted to compare the data

between groups.

X-ray microtomography (microCT) examination

To assess osteogenesis quantitatively, microCT was per-

formed at 3, 6, and 12 weeks postoperatively (defect number =

108). The specimens were scanned using a microCT scanner

(SkyScan 1173; Bruker CT, Belgium) and SkyScan 1173 con-

trol software version 1.6 (Bruker CT). The tube voltage and

current were 130 kVp and 60 μA, respectively. and a 1-mm

aluminum filter was used. The exposure time was 500 msec,

and a pixel matrix of 2,240 × 2,240 and a pixel size of 20 μm

were used. The rotation angle was 0.3° (180° rotation), and

800 high-resolution images in total were obtained.

Bone volume fraction (BV/TV) and bone mineral densi-

ties (BMDs) were measured. BV/TV is the relative bone vol-

ume of the newly mineralized bone for a total defect volume

of 3 mm. BMD is the density of mineralized bone as an indi-

cator of the quality of mineralized bone.

Histological analysis

Histological examinations were performed to evaluate the

quality of osteogenesis (defect number = 108). For histology,

each specimen was separated and fixed in 4% paraformalde-

hyde solution for 1 week, followed by neutral demineraliza-

tion for about 1 day. The demineralized specimens were

dehydrated with increasing ethanol concentrations from 70%

to 100%. After dehydration, specimens were clarified with

xylene, embedded in paraffin, and blocks were obtained. Sec-

tions (4 µm) were cut using an automated rotary microtome.

Staining was carried out with hematoxylin and eosin and

Masson’s trichrome, and images were captured using a

microscope and digital slide scanner. Morphometric measure-

ments were obtained using Pannoramic 250 Flash III (3D

HISTECH, Hungary), and images were acquired using Case-

Viewer version 2.0 (3D HISTECH). The quality of osteogen-

esis was evaluated based on the identification of the following

categories: bone formation, bone bridge, bone tissue, vascu-

lar neoformation, granulation tissue thickness, inflammatory

infiltration (Table 1). Scoring criteria (Table 1) were made

with reference to several existing studies evaluating osteo-

genesis histologically [22,23].

White blood cell (WBC) count 

Blood tests were performed to confirm the presence of sys-

temic inflammation. Blood samples were collected from 18

rats at 0, 3, 6, and 12 weeks after surgery (defect number =

18). Blood was collected from the orbital sinus under anes-

thesia. WBC counts were measured using an automated

hematology analyzer (Urit 2900; Diamond Diagnostics Inc.,

USA).

Statistical analysis 

Statistical analyses were conducted using Statistical Pack-

age for the Social Sciences version 24.0 (SPSS Inc., USA)

for Windows. WBC data and microCT values were expressed

as means and standard deviations. Histological scores, BV/

TV, BMD, and WBC results were compared using one-way

analysis of variance. Hemostasis and bioabsorption results

were compared using Fisher’s exact test. Furthermore, p val-

ues of less than 0.05 were considered statistically significant.

Results

Hemostatic effect

The PEG-PPG group showed 100% immediate hemosta-

Table 1. Histological score scheme for evaluation

Histological score

Osteogenesis Inflammatory infiltration

Bone formation 
 0: absent
 1: present at the periphery
 2: present centrally and at periphery

Granulation tissue thickness
 0: thick
 1: thin
 2: absent

Bone bridge
 0: absent
 1: thin
 2: thick

Inflammatory infiltration
 0: marked
 1: mild
 2: absent

Bone tissue
 0: absent
 1: dense connective tissue
 2: bone neoformation

Vascular neoformation
 0: absent
 1: small
 2: marked
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sis, and the bone wax group also exhibited hemostasis within

10 sec in 29 out of 30 defects (Fig. 2). Whereas the hemo-

static agent application applied group achieved immediate

hemostasis, only 20% of the control group had hemostasis

within 10 sec. PEG-PPG was confirmed to have an immedi-

ate hemostatic ability similar to that of conventional bone

wax (p < 0.05) (Fig. 2).

Evaluation of bioabsorption

The bone wax remained intact in the defects, whereas the

PEG-PPG was completely absorbed at 3 days after surgery

(Fig. 3). All PEG-PPG defects showed bioabsorption not

only at 3 days but also at 1 week and 2 weeks post-surgery,

whereas the bone wax remained at the site of implantation

except for 1 defect at 3 days. At 3 days after surgery, one

defect in the bone wax was noted to have bioabsorption; in

fact, it was not actually absorbed, but rather the implant

moved to a different location. The PEG-PPG group showed

significant bioabsorption compared to the bone wax group

(p < 0.01) (Table 2). 

MicroCT examination of osteogenesis 

In representative 3D images, the bone wax group showed

little bone formation in the defects at 3, 6, and 12 weeks

(Fig. 4). In contrast, the control and PEG-PPG groups

showed progressive osteogenesis as the new bone gradually

Fig. 3. Gross examination for bioabsorption. (A) Control group (B) PEG-PPG group (C) bone wax group. (A) is not filled with the

hemostatic agent. In (B), there is no remaining PEG-PPG at the defect margin (black arrow head). In comparison, in the case of (C),

a white background is not observed because the circular defect is filled with bone wax (black arrow). PEG-PPG, poly (ethylene glycol-

propylene glycol) copolymers.

Fig. 2. Hemostatic outcomes showing the percentage of defects

that achieved immediate hemostasis.

Hemostasis is considered to occur when bleeding stops within

10 sec. PEG-PPG, poly (ethylene glycol-propylene glycol)

copolymers. *Compared with PEG-PPG, p value < 0.05; †Com-

pared with bone wax, p value < 0.05.

Table 2. Bioabsorption evaluation

Time
Control 
(n = 10)

PEG-PPG 
(n = 10)

Bone wax 
(n = 10)

3 d 10/10 10/10 1*/10†,‡

1 wk 10/10 10/10 0/10†,‡

2 wk 10/10 10/10 0/10†,‡

PEG-PPG, poly (ethylene glycol-propylene glycol) copolymers. 
*One defect in the bone wax group was found elsewhere away
from the implant site; †Compared with control, p < 0.01; ‡Compared
with PEG-PPG, p < 0.01.
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grew from the defect margin to the center (Fig. 4). The val-

ues   measured through microCT were expressed as BV/TV

(Fig. 5) and BMD (Fig. 6).

The bone wax group showed almost no bone healing at 3,

6, and 12 weeks postsurgery (Fig. 4). Unlike the bone wax

group, the control and PEG-PPG groups showed significant

bone healing with BV/TV (p < 0.01) and BMD values (p <

0.05) at all time points. A comparative graph of each value

also showed significant differences between the bone wax

group and the control group, and between the bone wax

group and the PEG-PPG group (Figs. 5 and 6). BV/TV (Fig.

5) and BMD values (Fig. 6)   of the PEG-PPG and control

groups were almost the same at all time points. 

Histological analysis for osteogenesis and local inflam-

mation 

The control and PEP-PPG groups showed progressive

bone formation from the defect margin to the centers, and the

thickness of the newly grown bridge also became thicker

Fig. 4. Representative 3-dimensionally reconstructed microCT images of excised rat calvaria after surgery. (A) Control group (B)

PEG-PPG group (C) bone wax group. (A) and (B) show progressive osteogenesis over 3, 6, and 12 weeks as new bone is gradually

formed from defect margins to the centers. By contrast, (C) shows minimal bone formation at all time points. MicroCT, x-ray micro-

tomography; PEG-PPG, poly (ethylene glycol-propylene glycol) copolymers.

Fig. 5. Graph of BV/TV, % measured by microCT. At all time

points, the BV/TV values of the PEG-PPG and control groups

are significantly higher than that of the bone wax group

(p = 0.000 and 0.000 respectively). BV/TV, bone volume frac-

tion; PEG-PPG, poly (ethylene glycol-propylene glycol) copo-

lymers; microCT, x-ray microtomography. *
p value < 0.01.

Fig. 6. Graph of BMD measured by microCT. At 3, 6, and 12

weeks, the BMD values of the PEG-PPG group are significantly

higher than that of the bone wax group (p = 0.013, 0.019, and

0.000, respectively). The control group also showed significant

bone healing (BMD) compared with the bone wax group at 3,

6, and 12 weeks (p = 0.029, 0.003, and 0.000, respectively)

BMD, bone mineral density; PEG-PPG, poly (ethylene glycol-

propylene glycol) copolymers; microCT, x-ray microtomogra-

phy. *
p value < 0.05; †

p value < 0.01. 
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Fig. 7. Histological analysis for osteogenesis in a rat calvarial defect model. (A) control group (B) PEG-PPG group (C) bone wax

group. With Masson’s trichrome stain, the old bone is colored red, whereas the newly formed bone is colored blue. In (A) and (B),

the new bone forms well from the defect margins (black arrow head). At 12 weeks, bone formation is almost similar to normal bone

thickness. In contrast, in the case of (C), the bone wax does not dissolve, bone formation slightly progresses, and fibrous tissue sur-

rounding the bone wax is identified. Magnification × 50. OB, old bone; NB, new bone; PEG-PPG, poly (ethylene glycol-propylene

glycol) copolymers.

Fig. 8. Histological analysis for osteogenesis and local inflammation in a rat calvarial defect model. (A) Control group (B) PEG-PPG

group (C) bone wax group. Bones that grow inside the defect margins of (A) and (B) show osteoblast activity (black arrow) with well-

mineralized bones (pink area) using H&E stain. In contrast, in the case of (C), mixed cellularity inflammation is observed at 3 weeks

(circular dotted line), and inflammatory cells and fibrous tissue are observed at the contact with bone wax at 6 weeks (circular non-

dotted line) and 12 weeks (rectangular line). There are inflammatory infiltrates including lymphocytes, neutrophils, and macrophages

in the dotted line. Magnification × 500. FT, fibrous tissue; PEG-PPG, poly (ethylene glycol-propylene glycol) copolymers; H&E,

hematoxylin and eosin.
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over 3, 6, and 12 weeks (Fig. 7). At 12 weeks, the thick-

nesses of the new bone and the normal bone were similar to

one another based on the defect margins in the control and

PEG-PPG groups (Fig. 7). Both the control and PEG-PPG

groups showed osteoblast activity at week 3 and the most

prominent areas of mineralized bone at week 12 (Fig. 8). In

contrast, the bone wax group had little osteogenesis (Fig. 7).

Furthermore, the thickness of the granulation tissue that

encapsulated the bone wax also became thicker by 3, 6, and

12 weeks (Fig. 7). Furthermore, inflammatory infiltration and

fibrous tissue were observed around the site of contact with

the bone wax (Fig. 8). Particularly, the most marked mixed

cellularity inflammation was observed at 3 weeks, and inflam-

matory cells such as lymphocytes, neutrophils, and macro-

phage were identified at 6 and 12 weeks (Fig. 8). The control

and PEG-PPG groups showed significant qualitative osteo-

genesis compared to the bone wax group based on qualita-

tive and local inflammation scores (p < 0.01) (Table 3).

WBC count for systemic inflammation

The normal range of WBC is 2.9–15.3 × 109/L, and the

mean values at 0 week and 3, 6, 12 weeks were within the

normal range in all groups. All individuals were found to be

at normal levels at 12 weeks, and no systemic inflammatory

responses were observed in any of the groups after surgery.

There were no significant differences among groups (p > 0.05).

Discussion

Bone wax is an effective bone hemostatic agent, providing

rapid hemostasis; however, numerous side effects have been

reported [7,8,10,12,13,24,25]. The most common side effect

of bone wax is that it interferes with osteogenesis and

induces an inflammatory reaction at the site of application

[7]. Side effects of bone wax interfering with osteogenesis

have been reported in various animal studies [7,24,26]. In a

study using a rabbit femur defect model until up to 8 weeks,

the bone wax group showed not only new bone formation but

also foreign body response [7]. Even in comparison with

bone wax and other hemostatic agents using the rat tibial

defect model, osteogenesis inhibition and inflammatory

responses were confirmed despite complete removal of the

applied bone wax after 10 min [24]. In the present study, the

side effect that bone wax interfered quantitatively and quali-

tatively with osteogenesis was clearly demonstrated. Because

the quantitative value of microCT was close to zero, this

study showed that bone wax interfered with bone growth and

mineralization. Furthermore, no histological evidence of

osteoblastic activity or neovascularization was found in the

defects in the bone wax group. The reason for the lack of

bone healing at the bone wax implant site is the insolubility

of bone wax [5]. Bone wax is composed of insoluble ingredi-

ents, including beewax that enables mechanical occlusion,

resulting in bone hemostasis [5]. In contrast, beewax causes

side-effects such as foreign body reactions, inflammation,

and infections as well as lack of osteogenesis.

Bone wax remains indefinitely at the application site and

forms a foreign body granuloma. Indeed, human studies have

reported side effects of bone wax [8,10,12,13,25]. Because of

the large amount of bone wax used for hemostasis for the

reconstruction of the orbit floor defect, foreign body granu-

loma, and fistula formation occurred, eventually leading to a

reoperation for foreign body removal [12]. Bone wax used in

median sternotomy induced chronic inflammation up to 10

years as well as acute inflammation [10]. There was also a

case report of a bone wax foreign body granuloma in the

mastoid [8]. At the bone wax muscle implantation site, a

thick band of fibrous tissue infiltrated by macrophages, giant

cells, and lymphocytes was identified [7]. In the present

study, histological examination confirmed mixed cellularity

inflammation and fibrosis in the bone wax group. In particu-

lar, inflammatory cells including lymphocytes, neutrophils

and macrophages were distributed in the area of   contact with

the bone wax, and fibrous encapsulation was formed around

the bone wax.

Bone wax may also act as a nidus of infection. In a study

in which Staphylococcus aureus was inoculated to rabbit tib-

iae, the bone wax group, in contrast to the soluble bone wax

group, was infected, and all defects developed osteomyelitis

[27]. In a human study, 6 out of 42 patients who underwent

neurospinal surgery experienced surgical-site infections [13].

Bone wax causes side effects not only in the bone but also on

the muscle. Bone wax was applied to the pocket of the rab-

bit paravertebral muscle and histological examination con-

firmed at 2 weeks. The increase in infection rate due to bone

wax is caused by the bone wax that interferes with the abil-

ity of cancellous bone to clear the infection [28]. This

appears to be due to the fact that the bone wax acts as a

physical hemostatic barrier, blocking the cancellous bone and

reducing bacterial clearance. Nevertheless, bone wax has

been used for a long time because of its excellent hemostatic

ability and relatively low cost compared with other hemo-

static agents.

In the present study, bone formation continued from the

edge of the defect toward the center in the control and PEG-

PPG groups. The calvarial healing process is affected by the

bone defect margin, overlying periosteum, and underlying

dura matter [29,30]. Thermal damage to the defect margins

by burring is difficult to avoid; nevertheless, it should be

Table 3. Histological scores of osteogenesis and inflammation

Time Control PEG-PPG Bone wax

3 wk 16.33 ± 4.59 19.00 ± 2.00 6.33 ± 3.88*,†

6 wk 19.83 ± 3.31 20.50 ± 1.52 4.83 ± 2.56*,†

12 wk 19.33 ± 2.42 20.83 ± 3.82 4.00 ± 2.76*,†

All data are expressed as mean ± SD. 
PEG-PPG, poly (ethylene glycol-propylene glycol) copolymers.
*Compared with control, p < 0.01; †Compared with PEG-PPG, p <
0.01.
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minimized because it has an adverse influence on bone heal-

ing. In one study, ridges were removed using a rongeur to

avoid thermal damage through the burring; however, a lim-

itation of that study was that the sizes of the defects were

inconsistent [6]. In the present study, in order to minimize

thermal damage to the bone, the burring speed was main-

tained at a constant low speed of 500–600 rpm and saline

irrigation was performed once every 3 sec. Furthermore, the

periosteum was repositioned immediately above the defect

for high osteogenic capacity [29]. In order not to interfere

with bone healing at defect margins, the periosteum suture

knots were kept from touching the defect. In this study, the

bone wax group remained semi-permanent and not only

caused brain compression, but also created a potential

inflammatory source by direct contact with the underlying

dura matter. In fact, when autopsied at 3, 6, and 12 weeks,

most brains in the bone wax group were indented by bone

wax. Although this study did not histologically or behavior-

ally assess the side effects of bone wax on the brain, side

effects of bone wax in humans (e.g., brain compression) had

been reported [12,25]. Because of the many potential side

effects of bone wax, several surgeons recommend reducing

the use of bone wax and, if possible, using other bone hemo-

stats [9,12].

To replace bone wax with its many potential complica-

tions, hydrophilic bone hemostatic agents were developed.

PEG was first introduced as a vehicle for oxidized cellulose

bone hemostatic material [26]. By comparison with bone

wax, PEG/oxidized cellulose showed much less tissue irrita-

tion than bone wax and was completely absorbed within 3 h

[26]. In another study, PEG was used as a vehicle to deliver

microfibrillar collagen (MFC), a bone hemostatic agent. PEG/

MFC composites were shown to be resorbable agents, as

opposed to bone wax using a rabbit calvarial defect model.

PEG/MFC showed not only complete hemostasis but also a

bone formation similar to that of control without hemostatic

agent. However, PEG was resorbed within 8 h, whereas MFC

was degraded over a period of 2 months [31]. Unlike PEG,

MFC is not only capable of inducing various allergic reac-

tions because of its bovine origin; however, it also carries the

risk of infection because of lack of bacteriostatic function

[32].

Because of the side-effects of hemostatic agents with

inherent biochemical hemostasis such as oxidized cellulose

[33], MFC [32], and gelatin [34], new, resorbable hemostatic

agents that exclude biochemical hemostatic functions and

induce hemostasis only by mechanical occlusion have been

studied. Pluronic is a water-soluble triblock copolymer com-

posed of PPG and 2 PEG chains. Pluronic not only had phys-

ical properties similar to those of bone wax but also was

absorbed within 24–48 h of implantation in rat femur defect

models, with nearly complete reconstitution of cortical bone

at 42 days postoperatively [19]. Ostene®, a bone hemostat

consisting of hydrophilic alkylene oxide copolymer, showed

early bone healing up to 8 weeks in a rabbit femur defect

model [7]. PEG-PPG-PEG copolymer/pregelatinized starch

blend also showed immediate hemostasis via mechanical

occlusion, safety in in vitro cytotoxicity tests [20], and signif-

icant osteogenesis without any side effects [11]. To date,

there have been no cases of major side effects caused by

Ostene® and PEG-PPG-PEG in the bone. However, in one

study, complications such as infiltration of inflammatory

cells including macrophages and giant cells were observed at

2 weeks after transplanting Ostene® and polyethylene into

muscle [7].

This present study was the first to evaluate a new bone

hemostatic agent consisting of poly (ethylene glycol-co-pro-

pylene glycol). PEG-PPG mainly consists of poly (ethylene

glycol-co-propylene glycol), which is a copolymer com-

posed of PPG and PEG. This polymer material has been

widely used in the pharmaceutical field as a carrier for drug

delivery due to its non-ionic and biodegradable biocompati-

bility [35,36]. One study showed that PEG has the effect of

preventing the early inflammatory response in the long-term

auto-transplanted pig kidney [37]. Poly (ethylene glycol-co-

propylene glycol) has various properties according to each

content of PEG and PPG. PEG-PPG is made with an optimal

ratio of content to maximize hemostatic function and ease of

use. More accurate results could be obtained because experi-

ments were carried out for a long period of time (12 weeks)

using a large number of experimental subjects (99 rats).

Whereas majority of the bone wax group exhibited side

effects, the PEG-PPG group showed significant osteogenesis

without any complications similar to the control. Further-

more, PEG-PPG was superior to bone wax in terms of adhe-

siveness. Bone wax was not well maintained at the

application site due to poor adhesion. When autopsy was per-

formed in the bone wax group, several bone waxes were

found distant from the application site. In contrast, PEG-PPG

was well located at the application site because of good adhe-

sion and stickiness. 

In conclusion, PEG-PPG showed immediate hemostasis

and complete absorption within 48 h of application in a rat

calvarial defect model. PEG-PPG showed progressive osteo-

genesis over a 12-week period. Furthermore, PEG-PPG did

not cause systemic inflammation reactions, nor local inflam-

mation near the site of application. In contrast, bone wax

interfered with bone healing and caused local inflammatory

reactions. Therefore, the new bioabsorbable PEG-PPG could

be used as an effective bone hemostatic agent to replace bone

wax.
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