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Abstract
OBJECTIVE—In this study, we investigate the effects of a soft bone hemostatic wax comprised of
water-soluble alkylene oxide copolymers (Ostene; Ceremed, Inc., Los Angeles, CA) on bone healing
in a rat calvaria defect model. We compared the effects with a control (no hemostatic agent) and
bone wax, an insoluble and nonresorbable material commonly used for bone hemostasis.

METHODS—Two bilateral 3-mm circular noncritical-sized defects were made in the calvariae of
30 rats. Alkylene oxide copolymer or bone wax was applied or no hemostatic material was used
(control). After 3, 6, and 12 weeks, rats were sacrificed and the calvariae excised. Bone healing,
expressed as fractional bone volume (± standard error of the mean), was measured by microcomputed
tomography.

RESULTS—Immediate hemostasis was achieved equally with bone wax and alkylene oxide
copolymer. Bone wax-filled defects remained unchanged at all time points with negligible healing
observed. At 3 weeks, no evidence of alkylene oxide copolymer was observed at the application site,
with fractional bone volume significantly greater than bone wax-treated defects (0.20 ± 0.03 versus
0.02 ± 0.01; P = 0.0003). At 6 and 12-weeks, alkylene oxide copolymer-treated defects continued to
show significantly greater healing versus bone wax (0.18 ± 0.04 versus 0.05 ± 0.01 and 0.31 ± 0.04
versus 0.06 ± 0.02, respectively). At all time points, alkylene oxide copolymer-treated and control
defects showed good healing with no significant difference.

CONCLUSION—Alkylene oxide copolymer is an effective hemostatic agent that does not inhibit
osteogenesis or bone healing.
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For more than a century, softened beeswax (bone wax) has been used to achieve bone
hemostasis; today, because of its ease of application and effectiveness, it remains one of the
more common methods used. Its application in a clinical setting was first described in 1892 by
Parker (27) and Horsley (16). Today, commercial formulations of bone wax are primarily
comprised of beeswax, softened with 12% isopropyl palmitate and/or up to 30% soft paraffin
wax (11,13,31,36).

Numerous complications have been attributed to bone wax primarily because beeswax is an
insoluble material, is not metabolized or resorbed, and, hence, remains indefinitely at the site
of application (31,40). The most common complications recognized as being associated with
bone wax are inhibition of osteogenesis (2,5,8,29,30,31,40), infection (3,12,13,19,26,31),
foreign body response causing a giant cell reaction (“wax granuloma”), local inflammation,
and pain (4,11,23,29,34,36,42). Other complications attributed to the use of bone wax include
quadriplegia after spine surgery (10), lower extremity paralysis after thoracotomy (9), sigmoid
sinus obstruction after mastoid surgery (15,23), and cerebrospinal fluid leakage after cranial
base surgery (7). The use of bone wax is one of few identified modifiable risk factors associated
with mediastinitis after median sternotomy (6). Based on histological studies of autopsy cases,
bone wax has been shown to interfere with sternal healing, causing chronic inflammation and
giant cells up to 10 years after application (36).

Thus, good surgical practice minimizes the amount of bone wax used interoperatively. The use
of bone wax is often avoided altogether in procedures in which fusion is critical for stability.
Alternative topical hemostatic agents such as microfibrillar collagen, thrombin, gelatin, and
oxidized cellulose have not supplanted the common use of bone wax, which may be due, in
part, to bone wax’s immediacy and effectiveness of hemostasis, ease of use, low cost, and the
fact that the aforementioned alternative bone hemostasic agents also interfere with bone healing
and are not without complications (31).

The use of a water soluble wax, comprised solely of alkylene oxide block copolymers
(poloxamers or Pluronics; BASF Corp., Florham Park, NJ), was first described by Wang et al.
(39). Using a rat femur defect model, this water soluble wax achieved immediate and effective
bone hemostasis, was absorbed within 48 hours, and did not interfere with bone healing.
Alkylene oxide copolymers are non-metabolizable and are excreted, unchanged, primarily via
renal excretion (14,18).

Similarly, Ostene (Ceremed, Inc., Los Angeles, CA) is comprised solely of water soluble
alkylene oxide copolymers and is a Food and Drug Administration-approved water soluble
implant material indicated for use in the control of bleeding from bone surfaces (40). Hence,
it is approved for use in cranial and spinal procedures as a bone hemostatic material. Because
Ostene is water soluble, it does not remain at the site of application and should address all of
the known reactions associated with bone wax.

To test the hypothesis that Ostene alkylene oxide copolymer does not impair bone healing, this
study was designed to compare the effect of alkylene oxide copolymer versus no hemostasis
on bone healing and to compare the effects of 2 effective bone hemostatic agents (alkylene
oxide copolymer and bone wax) on bone healing in a noncritical-sized calvaria defect model.
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MATERIALS AND METHODS
Materials

Alkylene oxide copolymer (Ostene) was provided by Ceremed Inc., and bone wax was
purchased from Ethicon, Inc. (Summerfield, NJ).

Rat Calvaria Defect Model
The animal protocol (No. 2005–119–01) was approved by the University of California, Los
Angeles, Chancellor’s Research Committee in conformity with the National Institutes of
Health guidelines for the care and use of laboratory animals (Department of Health and Human
Services publication No. [NIH] 85–23, revised 1985).

Noncritical-sized bilateral bone defects and microcomputed tomography (microCT) analyses
were performed based on previous studies (1,28,37). Thirty 3-month-old male Sprague-Dawley
rats (Charles River Laboratories, Wilmington, MA) were used for this study. Rats were
anesthetized, and anesthesia was maintained with isoflurane. Surgery was performed using
standard aseptic techniques. Two 3-mm bilateral, circular defects were made in the calvariae
with a trephine drill under constant irrigation. Care was taken to avoid injury to the underlying
dura mater. Sufficient alkylene oxide copolymer or bone wax was applied to the defect to
achieve immediate hemostasis (7 defects per time point). Control defects had no hemostatic
material added (6 defects per time point). For each group of 10 animals, bone wax, alkylene
oxide copolymer, or control treatment of the bilateral defects was performed as follows, with
the number of animals per pairing shown in brackets: bone wax/bone wax [2], alkylene oxide
copolymer/alkylene oxide copolymer [2], control/control [1], bone wax/alkylene oxide
copolymer [1], control/alkylene oxide copolymer [2], and control/bone wax [2]. The wound
was closed with monofilament sutures. All animals were given buprenorphine (0.05 mg/kg)
for 48 hours postsurgery.

At 3, 6 and 12 weeks after surgery, 10 rats were sacrificed using an intravenous overdose of
pentobarbital, and the calvariae were excised. Calvariae were placed in neutral buffered
formalin for 48 hours, washed in water for 8 hours, and stored in 70% ethanol. Photographs
of the excised calvariae were taken and observed for remaining hemostatic agent.

Evaluation of Bleeding or Hemostasis
The surgeon (TLA) was blinded to whether alkylene oxide copolymer or bone wax was used
to fill the bony defects. After application of alkylene oxide copolymer or bone wax, the surgeon
was asked to comment on the handling and effectiveness of hemostasis. Subjective criteria
included ease of application of the hemostatic material, the time from application of the material
to cessation of bleeding, and whether hemostasis was maintained for the duration of the surgical
procedure.

MicroCT Analysis
Calvariae were scanned in 70% ethanol using a Scanco40 scanner (μCT-40; Scanco Medical,
Bassersdorf, Switzerland) with a voxel isotropic resolution of 15 μm and an x-ray energy of
55 KVp and 72 μA.

Five to six calvariae were accommodated in the scanning tube for each scan. Each scan time
was approximately 3 hours and accounted for 1000 projections/180 degrees, 200 milliseconds
integration time, and 2048 charge coupled device detector array. A calibration phantom of
hydroxyapatite was used. Segmented images were obtained using a Gaussian filter (sigma, 1.2;
support, 1). Threshold for the image binarization was set as 25% of the maximal grayscale for
all the scans. Volumetric analysis was performed by obtaining volumes of interest, using the
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Scanco software to include only the mineralized tissue formed inward during healing and
separate it from the rest of the calvaria. The architectural parameters obtained from the
binarized volumes of interest were as follows: total volume (TV) in mm3, bone volume (BV)
in mm3, and bone volume fraction (BV/TV). TV is the volume of the whole defect (diameter,
3 mm), BV represents the volume of the mineralized tissue formed during healing, and BV/
TV is the relative bone volume which normalizes the volume of the mineralized tissue formed
during healing by taking into account differences in thickness of the specimen.

Histology
After microCT analysis, calvariae were trimmed to size and then dehydrated in increasing
concentrations of ethanol, cleared with xylene, and then embedded, undecalcified, in methyl
methacrylate. Coronal sections were cut at a thickness of 5 μm from the middle of the defect
using a microtome (Jung Supercut; Reichert-Jung, Nuβloch, Germany) and stained with
toluidine blue (pH, 6.4). Photomicrographs of sections were obtained using a ScanScope XT
System (Aperio Technologies, Inc., Vista, CA) at a magnification of ×20. Sections were
examined by 2 independent experts who were blinded to the 3 treatment groups for mineralized
bone quality; cellular activity, including osteoblasts and osteoid; and any evidence of fibrotic
tissue formation within the defect site.

Statistical Analysis
MicroCT values (BV, TV, BV/TV) were reported as means and standard errors. Results were
compared by 2-way analysis of variance with post-test repeated measures analyzed by the
Bonferroni procedure (Prism; GraphPad Software Inc., San Diego, CA). A P value of less than
0.05 was considered statistically significant.

RESULTS
Immediate bone hemostasis was achieved in 100% of the defects treated with alkylene oxide
copolymer or bone wax, and hemostasis was equally effective with either material. No
differences in the handling characteristics or application of either material to the defect were
noted.

Figure 1 shows representative images of excised calvariae after 3 and 12 weeks. For 100% of
the defects, bone wax remained unchanged at 12 weeks postsurgery, whereas no evidence of
alkylene oxide copolymer was observed at 3 weeks postsurgery and was comparable in
appearance to untreated (control) defects.

Representative microCT-derived three-dimensional renderings are shown in Figure 2, with
mean BV, TV, and BV/TV data shown in Figure 3. The TV, representing the analyzed defect
volume, was similar among groups and time-points (Fig. 3B).

For bone wax-treated defects, negligible healing of the defects was observed at 3, 6, and 12
weeks postsurgery, as represented by BV/TV values of 0.02 ± 0.01, 0.05 ± 0.01, and 0.06 ±
0.02, respectively (Fig. 3C). This is shown in the representative microCT images at 3 and 12
weeks (Fig. 2).

At 3 weeks postsurgery, the BV/TV values for alkylene oxide copolymer-treated and untreated
(control) defects were 0.20 ± 0.01 and 0.11 ± 0.02, respectively, which were significantly
greater than bone wax-treated defects (P = 0.0003 and 0.0014, respectively) (Fig. 3C).
Although alkylene oxide copolymer-treated defects showed a higher mean BV/TV versus
untreated (control) defects at 3 weeks, these data did not reach significance (P = 0.0550) (Fig.
3C).
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At 6 and 12 weeks post-surgery, bone healing (BV/TV) in alkylene oxide copolymer-treated
and untreated (control) defects was comparable (alkylene oxide copolymer, 0.18 ± 0.04;
control, 0.21 ± 0.06 at 6 weeks; alkylene oxide copolymer, 0.31 ± 0.04; control, 0.38 ± 0.07
at 12 weeks), with rapid mineralization observed at all time points, indicative that alkylene
oxide copolymer did not interfere with bone healing (Figs. 2 and 3). Alkylene oxide copolymer-
treated and untreated (control) defects showed significant bone healing (BV/TV) compared
with bone wax treated defects at 6 and 12 weeks (alkylene oxide copolymer/control; P =
0.0112/0.0233 and P = 0.0012/0.0062, respectively).

To verify the quality of bone healing observed with microCT, histology was performed on
undecalcified sections. Representative histological images of coronal sections from the center
of the defect at 3 weeks post-surgery are shown in Figure 4. Untreated (control) and alkylene
oxide copolymer-treated defects demonstrated newly formed bone rich in cellular activity, as
can be seen by the mineralization front of osteoblasts and osteoid. Bone wax treated defects at
3 weeks post-surgery showed minimal bone healing at the defect margins and mainly fibrotic
tissue observed at the edges of the defect and around the site of the applied bone wax (Fig. 4).
It is worthy to note that bone wax is not visible in the histology images because the aromatic
solvent (xylene) used during tissue processing for the histological analyses dissolved the bone
wax from the calvaria section. After 6 and 12 weeks post-surgery, continued bone healing was
clearly evident for the untreated (control) and alkylene oxide copolymer-treated defects, with
mineralized tissue extending toward the center of the defect. Conversely, negligible
mineralization was observed at 6 and 12 weeks for bone wax-treated defects with fibrous tissue
formation within the site of the defect and around the applied bone wax comparable to the
observations at 3 weeks (images not shown).

DISCUSSION
This investigation was designed to evaluate bone healing after application of a water soluble
bone hemostasis material (alkylene oxide copolymer) using a rat calvaria noncritical-sized
defect model. The purpose of using a noncritical-sized defect was to determine whether
alkylene oxide copolymer affected bone healing compared with the absence of any hemostatic
agent (control defects) or to bone wax, a widely used bone hemostatic material that has been
reported to inhibit bone healing (30,31,39,40).

Bone healing, as measured by high resolution microCT, progressed with time similarly to that
in alkylene oxide copolymer and untreated defects, indicating that alkylene oxide copolymer
does not interfere with bone healing. Similarly, using a rat femur defect model, the application
of water soluble wax comprised of Pluronic copolymers as a bone hemostasis material showed
good healing as early as 10 days after surgery, and healing up to 42 days was comparable to
untreated defects, as determined from x-ray and histological analyses (39). In the clinical
setting, minimal use and removal of excess bone wax is recommended due to its insoluble and
nonmetabolizable nature; our findings suggest that the conservative use and removal of excess
alkylene oxide copolymer after application to bone may not be necessary.

To our knowledge, the data in this report is the first to quantifiably show that a bone hemostasis
material (alkylene oxide copolymer) does not interfere with bone healing when compared with
no hemostasis material. It is worth noting that at 3 weeks, the mean BV/TV for alkylene oxide
copolymer-treated defects was nearly 2-fold greater than untreated defects indicative of an
early onset of bone healing compared with control, although these data did not reach
significance(P = 0.0550). As alkylene oxide copolymer does not act biochemically but rather
by mechanical occlusion, allowing clotting to occur upstream from transected vessels in
cancellous bone, and because alkylene oxide copolymers are rapidly cleared and not
metabolized (14,18), one may postulate that this apparent early onset of healing is due to the
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absence of a clot within the defect combined with rapid clearance of the hemostatic material.
These data clearly warrant further studies to fully elucidate whether improved early bone
healing can be achieved with alkylene oxide copolymer compared with untreated defects.

Effective bone hemostasis is critical for many surgical procedures, and bone wax is one of the
oldest agents in use today. The use of cautery and styptics (22) that are immediately damaging
to tissues are either obsolete or have very limited application in modern bone hemostasis. As
early as 1924, in Carson’s Modern Operative Surgery (38), the use of bone wax was
recommended to prevent bone healing and to create a pseudo-arthroses as part of an arthroplasty
procedure. The author expressed caution to avoid excessive use of bone wax and highly
recommended research to find an alternative to this material (38). Recently, the application of
bone wax was recommended to prevent heterotopic ossification of the elbow (20).

The adverse effects of bone wax have been well documented (3,4,8,13,19,23,29,34,36,42) and
are reviewed in detail elsewhere (31,40). Several experimental bone hemostasis agents have
been described in the literature, including oxidized cellulose/poly(ethylene glycol) (12), fibrin/
collagen paste (33), gelatin paste (41), patient-derived fibrin sealant (21), polyorthoester (33,
35), and hydroxyapatite putty (25), but none of these are in widespread use. Alternative
commercially available bone hemostatic agents, such as microfibrillar collagen, thrombin,
gelatin, and oxidized cellulose, are reported to interfere with bone healing (11,24,31,41).
Similarly to bone wax, the use of gelatin is contraindicated for use in contaminated fields
(31), and additional complications, primarily due to excessive swelling of the hemostatic
material, are noted for gelatin, microfibrillar collagen, and oxidized cellulose (17,31,32). The
continued use of bone wax may be due, in part, to the lack of effective alternative agents that
are simple to use and achieve immediate and sustained bone hemostasis. Undesirable handling
properties and the immediate cost of the hemostatic agent may also be a factor. As a recently
introduced bone hemostatic material, the cost of a 2.5-g unit of Ostene is less than $75,
comparable in price to porcine gelatin (Gelfoam; Pharmacia & Upjohn, Kalamazoo, MI). The
use of Ostene may bring about a marked overall cost reduction when compared with the
potential subsequent cost of treating adverse reactions to bone wax (e.g., reoperation,
management of infection and pain).

CONCLUSION
Alkylene oxide copolymer achieved immediate and effective bone hemostasis equivalent to
bone wax. Compared with untreated (control) defects, alkylene oxide copolymer did not affect
osteogenesis or bone healing.
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FIGURE 1.
Representative photographs of excised calvariae at 3 and 12 weeks after surgery.
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FIGURE 2.
Representative microcomputed tomography (microCT)-derived, 3-dimensional renderings of
rat calvariae at 3, 6 and 12 weeks after surgery.
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FIGURE 3.
Graphs showing microCT data for control (untreated) (●), alkylene oxide copolymer-treated
(■), and bone wax-treated (◀) defects at 3, 6, and 12 weeks after surgery. A, mean mineralized
bone volume (BV, mm3). B, total volume (TV, mm3). C, bone volume fraction (BV/TV).
Asterisks indicate a P value of less than 0.05.
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FIGURE 4.
Histological analysis of bone healing in calvarial defects. Representative images of 5-μm thick
coronal sections from the center of the defect at 3 weeks after surgery. Toluidine blue staining
demonstrates mineralized bone (blue stars), osteoblasts (red arrows), and osteoid (green
arrowheads) in the control and alkylene oxide copolymer-treated defects, with mostly fibrous
tissue observed at the site of the bone wax treated defects (white triangle). Both low (× 2, left)
and high magnification (× 10, right) are shown.
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