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AIM: To compare the efficacy of bone graft, hydroxyapatite coralline (Biocoral®), and porous polyethylene (Medpor®) implants for 
cranioplasty in a rat model of cranial bone defects.   
MATERIAL and METHODS: Two parietal bone defects were created in each of 16 male Sprague–Dawley rats. One was repaired 
with a bone graft using bone removed from the contralateral defect, and the other was filled with either Medpor® or Biocoral® (each 
n=8, with the repair on the left in four and the right in the other four). The rats were sacrificed at either 4 or 8 weeks, and implant 
stability, volumetric changes, and histological parameters were compared between the three materials. 
RESULTS: At 8 weeks, scores for bone formation (p=0.003), healing of the defects (p=0.008), and material resorption (p=0.010) 
were higher for the bone grafts than for Biocoral® and Medpor®, whereas the fibrosis scores were significantly higher for Medpor® 
and Biocoral® than for the bone grafts (p=0.004). The other parameters were similar between the three materials at 8 weeks, except 
for significantly higher inflammatory cell infiltration with Medpor® than with Biocoral® and bone grafts (p=0.005).
CONCLUSION: Implant stability scores were similar for the three implant materials. However, there was better bone formation and 
healing of the defects with bone grafts, a lower risk of resorption and greater fibrosis induction with Medpor® and Biocoral®, and 
less volumetric reduction with Medpor®.
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Original Investigation

as donor site limitations and morbidity, major drawbacks of 
autogenous bone grafts include their propensity for resorption 
and risk of infection (5,8,13,16,24,39). To address these prob-
lems, various porous alloplastic grafting biomaterials have 
been extensively studied for their potential utility as alternative 
cranioplasty materials. These include hydroxyapatite cement, 
titanium, polymethylmethacrylate, and porous polyethylene 
implants (8,22,23). However, no material has been found that 
meets all the criteria considered ideal for repairing a bone de-

█  INTRODUCTION

Cranioplasty is considered to be necessary for patients 
who have undergone decompressive craniectomy; it 
enables the normalization of cerebrospinal fluid and 

cerebral blood flow, facilitates neurological improvement, and 
brings aesthetic benefits (1,3,7,24). The current gold standard 
for bone regeneration is considered to be autologous bone 
grafts because of their osteogenic potential, osteoinductivity, 
osteoconductivity, and low cost (15,33,45). However, as well 
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fect: that it is biologically inert, non-resorbable, non-antigenic, 
stable, radiolucent, sufficiently hard, aesthetically pleasing, 
and cost-effective, with a low infection rate (24,29,31,32). 

Coralline hydroxyapatite (Biocoral®) is hydroxyapatite bone 
cement with a chemical composition similar to that of natural 
bone (2,12,36,37,41). It is a synthetic porous biomaterial 
and a composite scaffold with an outer hydroxyapatite layer 
and an inner coralline core (19). It is highly resorbable and 
osteoconductive, and it has been shown to enable new bone 
formation (6,17,18,20,38). Porous polyethylene (Medpor®) is 
a type of plastic commonly used in cranioplasty; it has high 
resistance and pores 150–250 µm in diameter, which are ideal 
for fibro-osseous tissue growth (9,11,22,35). Biocoral® and 
Medpor® are frequently used in maxillofacial surgery; however, 
their use for cranioplasty surgery has received less research 
attention than more popular cranioplasty materials such as 
polymethyl methacrylate, which has been extensively studied, 
especially in comparison to the use of autogenous grafts.

Most craniofacial defects are traumatic in etiology, and a 
trauma large enough to necessitate cranioplasty may also 
involve defects that require maxillofacial reconstruction. Thus, 
an investigation of whether materials used for maxillofacial 
reconstruction (such as Medpor®, Biocoral®, and autogenous 
grafts) are effective for cranioplasty operations might identify 
a single material suitable for addressing craniomaxillofacial 
trauma. The aim of this study, therefore, was to compare the 
efficacy of bone graft, hydroxyapatite coralline (Biocoral®), and 
porous polyethylene (Medpor®) implants for cranioplasty in a 
rat model of cranial bone defects. Efficacy was measured in 
terms of implant stability, volumetric changes, and histological 
outcomes.

█  MATERIAL and METHODS
Animals 

Sixteen male Sprague–Dawley rats (300–350 g) were kept 
in a light- and temperature-controlled room with a 12-hour 
light–dark cycle, at a temperature of 22.0 ± 0.5 °C and relative 
humidity of 45.0% ± 10.0%. The animals were fed standard 
rat pellets and provided with water ad libitum. The study was 
approved by the Scientific and Ethics Committee of Istanbul 
University Istanbul Faculty of Medicine Experimental Animals 
Research and Application Centre.

Study Protocol

The rats were randomly allocated into two groups (each 
n=8). Two parietal bone defects were created in all the rats 
as described in the following section; one was filled with the 
bone graft removed from the contralateral defect, and the 
other was filled, according to the group, with either Medpor® 
or Biocoral®. These were applied to the left defect in four 
animals and the right defect in the other four. Thus, the final 
analysis included 32 unilateral parietal bone defects repaired 
with bone graft (n=16; 8 left, 8 right), Medpor® (n=8; 4 left, 4 
right), or Biocoral® (n=8; 4 left, 4 right).

The rats were sacrificed by cervical dislocation under sodium 
pentothal anesthesia (intraperitoneal injection, 120 mg/kg), 

half at 4 weeks after the repair and the rest at 8 weeks. The 
cranium of each rat was removed for examination. Cranial 
tissue samples were collected for comparative histological 
analyses of bone formation, healing of the defects, material 
resorption, inflammation (cell infiltration), and fibrosis. 

Cranial Bone Defect Model

To create the cranial bone defects, the rats were anesthetized 
with 200 mg/kg ketamine (Ketalar® flacon; Pfizer Inc., Istanbul, 
Turkey) and 10 mg/kg xylazine (Rompun® flacon; Bayer Inc., 
Germany), administered intramuscularly. The procedures 
were performed under sterile conditions. A midline skin 
incision was made along the midsagittal suture. The skin and 
underlying tissues were retracted bilaterally using non-sharp 
scissors. The periosteum was separated using a periosteal 
elevator to expose the extent of the parietal bones. A critically 
sized circular bone defect (0.5 cm in diameter, full thickness) 
(10) was formed on the left and right parietal bones with a 
high-speed drill, with continuous saline irrigation to remove 
the bone debris (Figure 1A). A 0.4-cm diameter, full thickness 
circular bone graft was prepared for each rat and used for the 
parietal bone defect on the contralateral side, and a0.4-cm 
diameter circular Medpor® or Biocoral® implant was placed 
on the parietal bone defect on the ipsilateral side to the bone 
graft preparation (Figure1B, C). After the placement of the 
cranioplasty materials, the periosteum and skin were closed 
separately. The rats were examined for infection, hematoma, 
and wound dehiscence.

Histological Analysis

The tissue samples for histological analysis were fixed in 
10% buffered formalin and embedded in paraffin for serial 
sectioning. Longitudinal sections 3–5 μm thick were stained 
with hematoxylin and eosin and evaluated for inflammatory 
cell infiltration, fibrosis, bone formation, healing of the defect, 
and material resorption in the tissue using a light microscope 
(ECLIPSE 80i; Nikon, Japan; 200× magnification). Scoring, 
using digital photographs and an imaging analysis program 
(analysis Five; Olympus, Tokyo, Japan), was based on the 
percentage area per augmentation field, as follows: 1%–30% 
(+),31%–60% (++), 61%–80% (+++), and >80% (++++).

Implant Characteristics

Implant stability was evaluated according to criteria based 
on primary osseointegration (mechanical attachment to 
the cortical bone) and secondary osseointegration (bone 
regeneration and remodeling) (42). It was graded from I to IV, 
as follows: I, implant attached to the bone and integrated, 
immobile; II, fibrous union, almost mobile or partially mobile; 
III, no connection between the implant and the bone, mobile; 
and IV, no implant detected during the autopsy. A volumetric 
analysis was performed by comparing the pre- vs. post-
procedure volumes of cranioplasty materials. 

Statistical Analysis

The statistical analysis was performed using IBM SPSS 
Statistics for Windows, version 22.0 (IBM Corp., Armonk, NY). 
Pearson’s chi-square (c2) test was used for comparisons of 
categorical data, and the Kruskal–Wallis test was used for the 
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Histological Assessment

The postoperative healing was uneventful in all animals. 
One rat experienced an infection, but there were no other 
complications such as hematoma or wound dehiscence 
throughout the entire study period. At 4 weeks, the histological 
assessment showed significantly higher scores for all 
parameters except fibrosis for the bone grafts than for the 
Biocoral® and Medpor® implants (with p-values in the range 
0.003–0.024). At 8 weeks, the scores for bone grafts were 
significantly higher only for bone formation (p=0.003), healing 
of the defect (p=0.008), and material resorption (p=0.010). 
At 8 weeks, Medpor® was associated with significantly 
higher inflammatory cell infiltration scores than those for 
Biocoral® and bone grafts (p=0.005), and fibrosis scores were 
significantly higher for Medpor® and Biocoral® than for the 
bone grafts (p=0.004). With the exception of inflammatory cell 
infiltration at 8 weeks, the Medpor® and Biocoral® groups were 
similar for all the parameters (Table II, Figures 2–4).

Microbiological Evaluation

One of the rats sacrificed at 8 weeks with a right-sided Medpor® 

analysis of parametric variables. Data are expressed as the 
median (range) or as number (percentage), as appropriate. A 
p-value <0.05 was considered statistically significant.

█   RESULTS
Stability

Grade I implant stability (i.e., integrated and immobile) for the 
Medpor®, Biocoral®, and bone graft implants was observed 
in75.0%, 75.0%, and 62.5% of bone defects, respectively, at 
4 weeks and in 100.0%, 100.0%, and 87.5% of bone defects 
at 8 weeks. There was no significant difference in implant 
stability between the three materials (Table I).

Volumetric Analysis

There was no change between the preoperative and postop-
erative volume of the Medpor®  implants. The volume of the 
Biocoral® implants decreased, and those of the bone grafts 
decreased to an even greater extent. Thus, the volumetric 
analysis showed the best results with Medpor®, followed by 
Biocoral® and then bone grafts.

Figure 1: The surgical procedure. A) Creation of bilateral critical size defects on parietal bones, including lateralization of the skin 
and subcutaneous tissues via a midline incision (A1), exposure of the parietal bones via periosteum dissection (A2), and formation 
of the critical size defects in the parietal bones (A3). B) Placement of the cranioplasty materials Medpor® (left) and bone graft (right).                        
C) Placement of cranioplasty materials Biocoral® (left) and bone graft (right).

A1

B C

A2 A3
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and healing of defects for bone grafts as compared with the 
other implant materials, although there was lower fibrosis 
induction and a higher risk of material resorption. Compared 
to the other implant materials, Medpor® was associated with 
higher inflammatory cell infiltration scores and less volumetric 
reduction.

Bone grafts showed the highest risk of resorption and 
postoperative volume reduction in our study. This finding was 
consistent with reports that there-implantation of autologous 
skull bone is challenging because of its propensity for 
resorption and its inability to tolerate physiologic loading (24). 
This is important given that the skull bone itself has a higher 

implant experienced an infection with purulent characteristics 
and a positive culture for Staphylococcus aureus growth in 
an aerobic feeding environment. This growth was limited to 
both the bone graft and the Medpor® placement areas, so it 
was considered to have been acquired intra operatively. In this 
rat, no bone graft was detected and the Medpor® implant was 
completely mobile.

█   DISCUSSION
This study compared the efficacy of using Medpor®, Biocoral®, 
and bone graft implants for cranioplasty in a rat model of cranial 
bone defects. The results showed better bone formation 

Table I: Implant Stability Scores in Unilateral Bone Defects (n=32)

4th week 8th week

Medpor 
(n=4)

Biocoral
(n=4)

Bone graft 
(n=8)

Medpor 
(n=4)

Biocoral
(n=4)

Bone graft 
(n=8)

Implant stability, n(%)

I (integrated-immobile) 3 (75.0) 3 (75.0) 5 (62.5) 4 (100.0) 4 (100.0) 7 (87.5)

II (fibrous union- partially mobile) 1 (25.0) 1 (25.0) 3 (37.5) 0 (0.0) 0 (0.0) 0 (0.0)

III (mobile) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

IV (no implant) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (12.5)

p value 0.865 0.587
Pearson Chi-Square test.

Table II: Histological Analysis Findings 

4 th week 8 th week

Parameters Median (min-max) Median (min-max)

Bone formation
Bone graft 

2 (2-3)
Biocoral
1 (1-2)

Medpor
1 (1-2)

Bone graft
4 (3-4)

Biocoral 
2 (2-3)

Medpor
2 (2-3)

p=0.009 p=0.003

Healing of defect
Bone graft
2.5 (2-3)

Biocoral
1.5 (1-2)

Medpor
1.5 (1-2)

Bone graft
4 (3-4)

Biocoral
2.5 (2-3)

Medpor
2 (2-3)

p=0.024 p=0.008

Material resorption
Bone graft

3 (2-3)
Biocoral
1 (0-2)

Medpor
0.5 (0-1)

Bone graft
2 (1-3)

Medpor
1 (0-2)

Biocoral
0.5 (0-1)

p=0.003 p=0.010

Inflammatory cell infiltration
Bone graft

3 (2-4)
Biocoral
2 (1-2)

Medpor
1.5 (1-2)

Medpor
3 (3-4)

Biocoral
2 (1-2)

Bone graft
2 (1-2)

p=0.010 p=0.005

Fibrosis
Bone graft

3 (2-3)
Biocoral
2 (1-2)

Medpor
1.5 (1-3)

Medpor
3.5 (3-4)

Biocoral
3 (2-4)

Bone graft
2 (1-2)

p=0.067 p=0.004
Kruskal Wallis test.
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Figure 4: Histological findings for 
the parietal bone defects repaired 
with bone grafts. At 4 weeks, 
lamellar bone tissue (arrows) filled 
two-thirds of the defect area, with 
active connective tissue (asterisk) 
observed in the central small area. 
At 8 weeks, lamellar bone tissue 
(asterisk) filled the entire defect 
area (Hematoxylin and Eosin; 
×100).

Figure 2: Histological findings for 
the parietal bone defects repaired 
with Biocoral®. At 4 weeks, new 
bone trabeculae were developing 
from the host bone (asterisk) 
toward the defect area within the 
fiber-rich connective tissue (arrow). 
At 8 weeks, the lamellar bone 
tissue (asterisk) filled almost half of 
the defect area, along with fibrous 
tissue (arrow) formed by young 
mesenchymal cells in the other 
defect areas (Hematoxylin and 
Eosin; ×100).

Figure 3: Histological findings for 
the parietal bone defects repaired 
with Medpor®. At 4 weeks, graft 
particles were observed in the 
fiber-rich loose connective tissue 
(asterisks), and there was new 
bone formation (arrow) starting 
from the host epiphyses. At 8 
weeks, the residual graft material 
(asterisk) in the defect area was 
surrounded by new bone formation 
(Hematoxylin and Eosin; ×100).
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the selection of materials in this study, the lack of investigation 
of materials more commonly used for cranioplasty (such as 
methacrylate) limited the findings that could be achieved. 

█   CONCLUSION
This comparison of the utility of different implant materials 
for cranioplasty in a rat cranial bone defect model showed 
similar implant stability scores for the three implant materials 
investigated; however, there was better bone formation 
and healing of the defects with bone grafts, a lower risk of 
resorption and higher fibrosis induction with both Medpor® 

and Biocoral®, and the least volumetric reduction with 
Medpor®. Future clinical studies are needed to establish 
which restorative material might serve as a potential biological 
material for cranial reconstruction in neurosurgery, improving 
bone regeneration with good cosmetic results and low 
complication rates.
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