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Abstract. 
The aim of this study was to evaluate the capacity of the association of calcium phosphate cement 
with collagen membrane for large segmental bone defect. Six adult beagle dog underwent defect 
creation in the ulna and was reconstructed with combination of macroporous calcium phosphate 
cement MCPC® and resorbable collagen membrane EZ Cure®. After 6 months of implantation, 
the samples were analyzed with Micro CT, light microscopy and SEM using BSE. Bridging of the 
defect with a lamellar and well organized bone was achieved in all animals. MCPC granules 
resorption was increased at the extremities of the implant. Collagen membrane at the expense of 
the implant was replaced by periosteum-like formation. The results demonstrate the ability of the 
composite to reconstruct large segmental and critical size defect in long bone. 

 

Introduction 
Reconstruction of segmental large bone defect still represents a challenge either in orthopedic and 
oral oncology situations. Generally bone substitutes under various size and shape are dedicated for 
filling bone cavities. For bone augmentation, or segmental bone reconstruction, bioceramics or 
calcium phosphate cements ceramics alone has failed in providing enough newly bone formation 
for large long bone reconstruction. The aim of this study was the reconstruction a segmental 
critical size bone defect using resorbable collagen membrane associated to micro macroporous 
biphasic calcium phosphate cement MCPC®. 
 
 
Material and methods : 
The composite has associated MCPC® (Biomatlante, Vigneux de Bretagne, France), and a micro 
and macro structured porcine collagen membrane EZ Cure (Biomatlante SAS). MCPC® 
consists of a mixture of α-TCP, monocalcium phosphate anhydrous, amorphous calcium 
carbonated phosphate doped with magnesium, and BCP (60%HA/40%β-TCP) round granules 
from 80 to 200µm. Bone implantations were performed in 6 adult Beagle dogs. The six mature 
female beagle dogs were obtained from a certified breeding center (Domaine des Souches, Toucy, 
France). Animal care was provided at the National Veterinary School in Nantes, France, in 
accordance with European directive number 86/609/CEE regarding conducting animal 
experiments. The study complied with the rules of ethics of the Nantes Veterinary school. General 
anesthesia was induced by intravenous injection of 0.04 mg/Kg of dog metedomidine (Domitor® 
Pfizer Santé Animale, Paris, France) and 8 mg/Kg of Ketamine (Imalgène1000, Merial SAS, 
Lyon, France) and preserved by means of an isoflurane inhalation after tracheal intubation. A 
peroperative injection of 0.4 mg/Kg tolfenamic acid (Tolfédine 4 %, Vétoquinol S.A., Lure, 
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France) was performed for analgesia. A blood injection of 1 g of Cefalexine (Rilexine®, Virbac, 
France) was performed as per-operative antibiotic prophylaxis. 
Segmental defects of 25mm in length were created in the middle length of the ulna. A micro 
macro structured 30x40mm resorbable porcine collagen membrane was placed around the defect 
to performed anatomical tube shaping sutured on itself with resorbable points (Vicryl®, Janssen, 
Issy-les-moulineaux, France). Defect was then completely filled with MCPC calcium phosphate 
cement. The operated areas and general conditions of the animals were checked daily according to 
standard veterinary postoperative care. 
Six months after the implantation, all the animals were sacrificed. The implanted bone areas were 
dissected and removed, then fixed in 4 % paraformaldehyde phosphate-buffered saline. Two and 
three-dimentional images were obtained from an X-ray microtomograph (Micro CT Skyscan 
1072) without any preparation. Thresholding in different grey scale levels made it possible to 
differentiate between bone ingrowth and residual calcium phosphate cement. 
All samples were dehydrated with graded ethanol and acetone. Non-decalcified bone specimens 
were infiltrated and embedded in glycol-methacrylate (GMA) resin. For each sample, serial 
sections were cut perpendicular to the implant using hard tissue microtome (Reichert-Jung 
Supercut 2050 Cambridge instruments GmbH, Germany) for 7 µm sections, and for 100 µm 
sections, using a diamond saw (Leitz, Leica, Wetzlar, Allemagne). The 7 µm sections were stained 
with Movat’s pentachrome and then observed in light microscopy. The 100 µm sections were 
observed under polarized light. Perpendicular sections were chosen to allow better observation of 
peripheral membrane location and defect center, avoiding great axial section bias. 
After histological sections, the GMA-embedded bone specimens were carbon coated. SEM studies 
were performed with backscattered electrons (BSE) at 15 kV in conjunction with image analysis. 
Ceramic integration and connections between bone and implants were analyzed. The quantity of 
newly-formed bone and ceramic degradation was determined as previously described28 in the 
different levels of the implant. 
 
Results:  
3D imaging using micro CT showed a bony formation bridging the whole length of the defect in 
all implants. Bone ingrowth was observed form the two sides of the host bone but also from the 
lateral side close to the collagen membrane. Light microscopy indicated that new bone was both 
observed surrounding MCPC granules and into the macropores and at the expense of the micro 
macrostructure collagen membrane. 
With both polarized light microscopy and SEM, the 
bone appeared well-mineralized and organized. 
Lamellar bone was observed directly in contact with 
the MCPC without fibrous interposition. Neither 
acellular, avascular area nor fibrous encapsulation 
was observed in both samples.  The higher 
resorption of the MCPC occured in front of the 2 
Ulna extremities. At the periphery of the implant, 
the collagenic membrane presented cell colonization 
and well organized fibers parallel to the bone 
surface, with a thickness from 200 to 400µm (fig.1). 
 
 
Fig 1: distal end of the Ulna, showing the newly formed periosteum  (arrow) and residual 
granules of BCP(in black) from the cement. The cement phase was fully resorbed in the 2 
extremities of the ulna defect. 

In comparison to the extremity of the implant, more cement phase associated to BCP granules and 
consequently less bone ingrowth was observed in the core of the implant 
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Discussion 
This is the first study that has focused on the association of calcium phosphate ceramic cement 
with collagen membrane for segmental bone defect reconstruction. Our experimental results 
indicated successful bone ingrowth of the composite in this critical size defect in long bone.  

Ulna resection model was used for performance evaluation of bone substitute dedicated to 
orthopaedic applications. Defects measuring 25 mm in length have already been described as 
being a critical size defect at 6 months in dog ulna. On these bases, the defect presented was 
considered to be critical and for ethical reasons no control group was constituted for this study.  

Of the synthetic calcium phosphates commercially available, biphasic calcium phosphates (BCP) 
have the ability to form a strong direct bond with the host bone resulting in a strong interface. The 
rationale for the efficiency of BCP is the optimum balance between the more stable phase (HA) 
and the more soluble phase (β-TCP), thus allowing control of bioactivity. Macroporous biphasic 
calcium phosphate (MBCP) developed as artificial bone provides a micro- and macro-porous 
structure that allow in-depth cellular colonization and a bone growth at the expense of the 
bioceramic [1]. The MBCP biomaterial is resorbable and gradually dissolves in vivo, seeding new 
bone formation as it releases calcium and phosphate ions into the biological medium. The need of 
a material for Minimal Invasive Surgery (MIS) prompted the development of a concept of 
injectable mouldable calcium phosphate cement (CPC) as bone substitutes. All the current CPCs 
are reported to have good mechanical properties and reasonable setting times. However, after 
setting, these materials remain dense and do not provide rapid bone substitution because of the 
lack of macroporosity. Numerous studies have reported the applications of currently available 
commercial calcium phosphate cements [2, 3]. The MCPC consists of multiphasic calcium 
phosphate phases, including BCP, and in vivo, the components of the cement resorb at different 
rates allowing the formation of interconnecting macroporosity, thus facilitating bone ingrowth and 
substitution of the cement with the newly-forming bone. All the current CPCs are reported to have 
good mechanical properties and reasonable setting times. However, after setting, these materials 
remain dense and do not provide rapid bone substitution because of the lack of macroporosity. 
The macroporous calcium phosphate cement MCPC used in this study has interconnective 
macroporosity [4]. The multiphasic calcium phosphate components in the cement resorb at 
different rates allowing the replacement by new bone. The interest of this concept of cement is the 
presence of BCP granules to enhance after the resorption of the cement matrix macroporous 
structure and scaffold effect of the BCP granules for bone ingrowth (osteoconduction) [4]. It is 
likely that the higher resorption rate that was observed at the extremity of the implant in our study 
was due to the higher surface contact with body fluids. 

In this study, a collagen membrane was used not only as a way of making the surgical 
management of the biomaterial easier, but also as a guide for bone regeneration. Many barriers 
have been tested alone or in association with various fillers: ePTFE [5], titanium micromesh [6] 
and collagen [6]. The experimental models that have been studied till now vary considerably in 
relation to the membrane, the filler, the animal tested, the size and location of the defect and the 
implantation delay used, meaning that comparisons can lead to confusion [7]. The collagen 
membrane is a biocompatible barrier that acts as a resorbable healing scaffold and has been used 
for guided bone regeneration with positive results in animal experiments [8, 9]. Furthermore, 
reports on case series, as well as controlled clinical studies in humans, have reported successful 
results using a collagen membrane for guided bone regeneration at the exposed surface of the 
implant [10, 11]. During membrane-promoted bone formation, membrane porosity has been found 
to be of importance for the initial rate of bone formation as well as for the performance of the 
material in the tissue, although the final amount of bone seems not to be affected [12]. As our 
observations at the expense of the implant it has been reported that collagen membrane lead to 
periosteum-like tissue formation on the external bone surface [13]. 
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Conclusion:   
This study demonstrates that a composite associating structured porcine collagen membrane 
modeling a macroporous calcium phosphate cement, have a synergistic effect and can promote a 
new periosteum and successfully repair critical bone segmental defect.  
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