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As we enter the New Year, we once again applaud the efforts of contributing authors, 
referees and the Editorial board of Biomedical Materials, who have all continued 
their hard work to maintain the high quality of papers published by the journal. In this 
magazine, you will find a selection of papers from the last couple of years, highlighted 
based on their novelty and readership interest. This has been reflected in the number of 
downloads they have received, which demonstrates the quality and the range of important 
studies that fall into the scope of Biomedical Materials.

Moving forward, the goal of the journal continues to be ‘to publish original research 
findings that contribute to our knowledge about the composition, properties, and 
performance of materials for tissue engineering and regenerative medicine’. Included 
within this are applications that utilize biomedical materials in the treatment of the 
underlying causes of loss of tissue (e.g. trauma, disease and ageing), in concert with 
the role of the material in tissue engineering and regenerative medicine, viz., a scaffold. 
The regeneration of tissue around long-term implants, so critical for the successful 
performance of a wide range of prostheses and other implantable devices, will also fall 
within the scope of the journal as we move ahead. While the journal will continue to 
encourage the submission of studies performed in vitro and in animal models, results 
from human trials will also be sought, reflecting the global recognition of the importance 
of translational research.

Investigative activities that fall in the scope of Biomedical Materials have led to notable 
achievements in 2012; far too many to cover here. The status of biomaterials for treating 
a wide array of profound neural disorders, including spinal-cord injury, was reviewed in 
papers published in Biomedical Materials this past year and are included in this year’s 
Highlights collection.

2012 has been a great year for Biomedical Materials and we look forward to welcoming 
more of your papers in the future. We hope that some of your articles will feature in next 
year’s Highlights.

In-Seop Lee and Myron Spector
Editors-in-Chief

Welcome

In-Seop Lee
Yonsei University, 
Seoul, Korea

Myron Spector
Harvard Medical 
School, VA Boston 
Healthcare System, 
MA, USA

Cover image: Adipogenic differentiation of human adipose tissue-derived stem cells (hASC) bound to 
collagen coated polypropylene hernia meshes. M Handel et al 2012 Biomed. Mater. 7 054107.

All of the articles featured in this brochure are available 
at iopscience.org/bmm/highlights-2012
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The chemical composition of synthetic bone substitutes influences 
tissue reactions in vivo: histological and histomorphometrical 
analysis of the cellular inflammatory response to hydroxyapatite, 
beta-tricalcium phosphate and biphasic calcium phosphate ceramics

Shahram Ghanaati, Mike Barbeck, Rainer Detsch, Ulrike Deisinger,  
Ulrike Hilbig, Vera Rausch, Robert Sader, Ronald E Unger, Guenter Ziegler  
and Charles James Kirkpatrick 

2012 Biomed. Mater. 7 015005

Bone substitute material properties such as granule size, macroporosity, microporosity 
and shape have been shown to influence the cellular inflammatory response to a bone 
substitute material. Keeping these parameters constant, the present study analyzed the 
in vivo tissue reaction to three bone substitute materials (granules) with different chemical 
compositions (hydroxyapatite (HA), beta-tricalcium phosphate (TCP) and a mixture of 
both with a HA/TCP ratio of 60/40 wt%). Using a subcutaneous implantation model in 
Wistar rats for up to 30 days, tissue reactions, including the induction of multinucleated 
giant cells and the extent of implantation bed vascularization, were assessed using 
histological and histomorphometrical analyses. The results showed that the chemical 
composition of the bone substitute material significantly influenced the cellular response. 
When compared to HA, TCP attracted significantly greater multinucleated giant cell 
formations within the implantation bed. 

Injectable hydrogel materials for spinal cord regeneration: a review

Daniel Macaya and Myron Spector 

2012 Biomed. Mater. 7 012001

Spinal cord injury (SCI) presents a complex regenerative problem due to the multiple 
facets of growth inhibition that occur following trauma to the cord parenchyma and stroma. 
Clinically, SCI is further complicated by the heterogeneity in the size, shape and extent of 
human injuries. Many of these injuries do not breach the dura mater and have continuous 
viable axons through the injury site that can later lead to some degree of functional recovery. 
In these cases, surgical manipulation of the spinal cord by implanting a preformed scaffold or 
drug delivery device may lead to further damage. Given these circumstances, in situ-forming 
scaffolds are an attractive approach for SCI regeneration. These synthetic and natural 
polymers undergo a rapid transformation from liquid to gel upon injection into the cord 
tissue, conforming to the individual lesion site and directly integrating with the host tissue. 

Articles 2012

Shahram Ghanaati
Johannes Gutenberg 
University, Germany 

Daniel Macaya
Harvard Medical 
School, USA 

http://iopscience.org/bmm/highlights-2012
http://iopscience.iop.org/1748-605X/7/1/015005/article
http://iopscience.iop.org/1748-605X/7/1/012001/article


Biomedical MaterialsBiomedical Materials

8       iopscience.org/bmm/highlights-2012

Recombinant protein scaffolds for tissue engineering

Jerome Werkmeister and John A M Ramshaw 

2012 Biomed. Mater. 7 012002

New biological materials for tissue engineering are now being developed using common 
genetic engineering capabilities to clone and express a variety of genetic elements that 
allow cost-effective purification and scaffold fabrication from these recombinant proteins, 
peptides or from chimeric combinations of these. The field is limitless as long as the gene 
sequences are known. The utility is dependent on the ease, product yield and adaptability 
of these protein products to the biomedical field. The development of recombinant proteins 
as scaffolds, while still an emerging technology with respect to commercial products, is 
scientifically superior to current use of natural materials or synthetic polymer scaffolds, in 
terms of designing specific structures with desired degrees of biological complexities and 
motifs. In the field of tissue engineering, next generation scaffolds will be the key to directing 
appropriate tissue regeneration. The initial period of biodegradable synthetic scaffolds that 
provided shape and mechanical integrity, but no biological information, is phasing out.

Injectable hydrogels for central nervous system therapy

Malagosia M Pakulska, Brian G Ballios and Molly S Shoichet  

2012 Biomed. Mater. 7 024101

Diseases and injuries of the central nervous system (CNS) including those in the brain, 
spinal cord and retina are devastating because the CNS has limited intrinsic regenerative 
capacity and currently available therapies are unable to provide significant functional 
recovery. Several promising therapies have been identified with the goal of restoring 
at least some of this lost function and include neuroprotective agents to stop or slow 
cellular degeneration, neurotrophic factors to stimulate cellular growth, neutralizing 
molecules to overcome the inhibitory environment at the site of injury, and stem cell 
transplant strategies to replace lost tissue. The delivery of these therapies to the CNS is 
a challenge because the blood–brain barrier limits the diffusion of molecules into the 
brain by traditional oral or intravenous routes. Injectable hydrogels have the capacity 
to overcome the challenges associated with drug delivery to the CNS, by providing a 
minimally invasive, localized, void-filling platform for therapeutic use. Small molecule or 
protein drugs can be distributed throughout the hydrogel, which then acts as a depot for 
their sustained release at the injury site. For cell delivery, the hydrogel can reduce cell 
aggregation and provide an adhesive matrix for improved cell survival and integration. This 
review discusses both natural and synthetic injectable hydrogel materials that have been 
used for drug or cell delivery to the CNS including hyaluronan, methylcellulose, chitosan, 
poly(N-isopropylacrylamide) and Matrigel. 

ARTICLES 2012

Jerome Werkmeister
SIRO Materials 
Science and 
Engineering, Australia 

Molly Shoichet
Toronto University, 
Canada  
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Injectable perlecan domain 1-hyaluronan microgels potentiate 
the cartilage repair effect of BMP2 in a murine model of early 
osteoarthritis

Padma P Srinivasan, Sarah Y McCoy, Amit K Jha, Weidong Yang, Xinqiao Jia,  
Mary C Farach-Carson and Catherine B Kirn-Safran  

2012 Biomed. Mater. 7 024109

The goal of this study was to use bioengineered injectable microgels to enhance the 
action of bone morphogenetic protein 2 (BMP2) and stimulate cartilage matrix repair in 
a reversible animal model of osteoarthritis (OA). A module of perlecan (PlnD1) bearing 
heparan sulfate (HS) chains was covalently immobilized to hyaluronic acid (HA) microgels 
for the controlled release of BMP2 in vivo. Articular cartilage damage was induced in mice 
using a reversible model of experimental OA and was treated by intra-articular injection 
of PlnD1-HA particles with BMP2 bound to HS. Control injections consisted of BMP2-
free PlnD1-HA particles, HA particles, free BMP2 or saline. Knees dissected following 
these injections were analyzed using histological, immunostaining and gene expression 
approaches. Our results show that knees treated with PlnD1-HA/BMP2 had lesser OA-like 
damage compared to control knees. In addition, the PlnD1-HA/BMP2-treated knees had 
higher mRNA levels encoding for type II collagen, proteoglycans and xylosyltransferase 1, 
a rate-limiting anabolic enzyme involved in the biosynthesis of glycosaminoglycan chains, 
relative to control knees (PlnD1-HA).

Effects of the blended fibroin/aloe gel film on wound healing in 
streptozotocin-induced diabetic rats

Paichit Inpanya, Atchariya Faikrua, Anan Ounaroon, Anuphan Sittichokechaiwut  
and Jarupa Viyoch  

2012 Biomed. Mater. 7 035008

Delayed healing remains a major clinical problem and here we have sought to develop 
an improved dressing film comprising 1.95% w/v fibroin and 0.05% w/v aloe gel extract. 
The tensile strength of dry film was 21.1 ± 0.5 MPa and broke at 1.1 ± 0.2% elongation; 
corresponding values for wet film were 18.3 ± 1.3 MPa and 1.9 ± 0.1%. The film maintained 
its shape upon water immersion and the swelling ratio of the dry film was 0.8 ± 0.1 while 
the water uptake was 43.7 ± 2.6%. After 28 days of incubation in phosphate buffered 
saline (1 M, pH 7.4, 37 °C), the weight of film was reduced by 6.7 ± 1.1% and the tensile 
strength and elongation at breaking point (dry state) were 15.4 ± 0.6 MPa and 1.5 ± 0.2%, 
respectively. Compared to aloe-free fibroin film (2.0% fibroin extract only), the blended film 
enhanced the attachment and proliferation of skin fibroblasts. 

ARTICLES 2012

Catherine Kirn-
Safran
University of 
Delaware, USA 

Jarupa Viyoch
Naresuan University, 
Thailand 
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Johannes Von den Hoff is an Assistant Professor at the Department 
of Orthodontics and Craniofacial Biology of the Radboud University 
Nijmegen Medical Centre in The Netherlands.  

What prompted you to pursue this field of research? 
My research is in the field of cleft palate and cleft palate repair. Children born with a cleft 
palate need several surgical treatments to close the defects in the lip, the soft palate, and/
or the hard palate. The surgical closure of the hard and soft palate causes scar formation 
in the mucosa of the hard palate, but also in the muscles of the soft palate. These muscles 
are crucial for speech, but their regeneration is often not optimal after surgery. In about 
30% of patients, speech problems persist. Scar tissue prevents the regeneration and 
alignment of the myofibers. Our research ultimately aims to improve the regeneration of 
myofibers in the soft palate to improve speech in patients. This includes in vitro studies 
using satellite cells and extracellular matrix proteins, as well as in vivo studies in animal 
models. I am also involved in research into the molecular etiology of the cleft palate, which 
comprises the analysis of DNA mutations in patients, and their functional characterization. 
I especially like the combination of fundamental, applied and clinical research in our 
department. This creates a very stimulating environment for my research.

What is your paper ‘Matrigel, but not collagen I, maintains the differentiation 
capacity of muscle derived cells in vitro’ all about?
This paper is part of our studies to improve the culturing of satellite cells in 3D constructs, 
and to analyse the factors that regulate their differentiation into myofibers. For this study 
we used satellite cells isolated from the limb muscles of rats. We clearly demonstrate that 
satellite cells show better myofiber formation in 2D and 3D cultures with Matrigel than 
with collagen. Reduced differentiation on collagen might be an important cause of the 
impaired regeneration of myofibers observed in muscle scarring (fibrosis). In addition, 
Matrigel contains crucial niche factors for satellite cells (e.g. laminin and collagen IV) that 
may maintain the stem cell properties of the cells.

What do you plan to do next?
I am planning to further analyse the specific niche factors that regulate myofiber formation. 
This includes studies with isolated ECM components and muscle growth factors, but also 
the effects of mechanical loading on satellite cell differentiation and myofiber formation. 
In the near future, these studies will also make use of satellite cells from head muscles 
(such as the soft palate), which are quite distinct from limb muscles. For in vivo studies, we 
are working on a model for muscle regeneration in the soft palate of the rat. Factors that 
were shown to be effective in vitro will be evaluated in this animal model.

Featured author

Johannes Von den 
Hoff 
Radboud University 
Nijmegen Medical 
Centre, The 
Netherlands

For more featured authors, visit 
iopscience.org/bmm/editors-pick

http://iopscience.org/bmm/highlights-2012
http://iopscience.org/bmm/editors-pick


Biomedical MaterialsBiomedical Materials

iopscience.org/bmm/highlights-2012      11

Effects of type I collagen coating on titanium osseointegration: 
histomorphometric, cellular and molecular analyses

Alexander Tadeu Sverzut, Grasiele Edilaine Crippa, Marco Morra,  
Paulo Tambasco de Oliveira, Marcio Mateus Beloti and Adalberto Luiz Rosa 

2012 Biomed. Mater. 7 035007

The investigation of titanium (Ti) surface modifications aiming to increase implant 
osseointegration is one of the most active research areas in dental implantology. This 
study was carried out to evaluate the benefits of coating Ti with type I collagen on the 
osseointegration of dental implants. Acid etched Ti implants (AETi), either untreated 
or coated with type I collagen (ColTi), were placed in dog mandibles for three and 
eight weeks for histomorphometric, cellular and molecular evaluations of bone tissue 
response. While the histological aspects were essentially the same with both implants 
being surrounded by lamellar bone trabeculae, histomorphometric analysis showed more 
abundant bone formation in ColTi, mainly at three weeks. Cellular evaluation showed that 
cells harvested from bone fragments in close contact with ColTi display lower proliferative 
capacity and higher alkaline phosphatase activity, phenotypic features associated with 
more differentiated osteoblasts.

ARTICLES 2012

Adalberto Rosa
Sao Paulo University, 
Brazil  

Healing effect of bioactive glass ointment on full-thickness skin 
wounds

Cai Lin, Cong Mao, Juanjuan Zhang, Yuli Li and Xiaofeng Chen  

2012 Biomed. Mater. 7 045017

This study aimed to investigate the effect of bioactive glasses on cutaneous wound 
healing in both normal rats and streptozotocin-induced diabetic rats. Bioactive 
glass ointments, prepared by mixing the sol–gel bioactive glass 58S (SGBG-58S), 
nanobioactive glass (NBG-58S) and the melt-derived 45S5 bioactive glass (45S5) 
powder with Vaseline (V) at 18% weight percentage, were used to heal full thickness 
excision wounds. Pure V was used as control in this study. Compared to SGBG-58S, 
NBG-58S consists of relatively dispersible nanoparticles with smaller size. The analysis 
of wound healing rate and wound healing time showed that bioactive glasses promoted 
wound healing. The ointments containing SGBG-58S and NBG-58S healed the wounds 
more quickly and efficiently than the ointment containing 45S5. Histological examination 
indicated that bioactive glasses promoted the proliferation of fibroblasts and growth 
of granulation tissue. Immunohistochemical staining showed that the production of 
two growth factors, VEGF and FGF2, which are beneficial to wound healing, were also 
stimulated during the healing process.

Cong Mao
South China 
University of 
Technology, People’s 
Republic of China 
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Matrigel, but not collagen I, maintains the differentiation capacity 
of muscle derived cells in vitro

S Grefte, S Vullinghs, A M Kuijpers-Jagtman, R Torensma and J W Von den Hoff 

2012 Biomed. Mater. 7 055004

Satellite cells are key cells for post-natal muscle growth and regeneration and they play a 
central role in the search for therapies to treat muscle injuries. In this study the proliferation 
and differentiation capacity of muscle progenitor cells was studied in 2D and 3D cultures 
with collagen type I and Matrigel, which contain the niche factors laminin and collagen 
type IV. Muscle progenitor cells were cultured to induce proliferation and differentiation 
in collagen- or Matrigel-coated surfaces (2D) or in gels (3D). In the 2D cultures, muscle 
progenitor cells proliferated faster in Matrigel than in collagen. The numbers of Pax7+ and 
MyoD+ cells were also significantly higher in Matrigel than in collagen. During differentiation, 
muscle progenitor cells formed more and larger MyoD+ and myogenin+ myotubes in Matrigel. 
In the 3D cultures, muscle progenitor cells in Matrigel expressed higher mRNA levels of MyoD 
and myogenin, and formed elongated myotubes expressing myogenin and myosin.

ARTICLES 2012

Johannes Von den 
Hoff
Radboud University 
Nijmegen, 
Netherlands 

Effect of alginate hydrogel containing polyproline-rich peptides on 
osteoblast differentiation

M Rubert, M Monjo, S P Lyngstadaas and J M Ramis  

2012 Biomed. Mater. 7 055003

Polyproline-rich synthetic peptides have previously been shown to induce bone formation 
and mineralization in vitro and to decrease bone resorption in vivo. Alginate hydrogel 
formulations containing these synthetic peptides (P2, P5, P6) or Emdogain® (EMD) 
were tested for surface coating of bone implants. In an aqueous environment, the 
alginate hydrogels disclosed a highly compact structure suitable for cell adhesion and 
proliferation. Lack of cytotoxicity of the alginate-gel coating containing peptides was 
tested in MC3T3-E1 cell cultures. In the present study, relative mRNA expression levels of 
integrin alpha 8 were induced by P5 compared to untreated alginate gel, and osteopontin 
mRNA levels were increased after 21 days of culture by treatment with synthetic 
peptides or EMD compared to control. Further, in agreement with previous results when 
the synthetic peptides were administered in the culture media, osteocalcin mRNA was 
significantly upregulated after long-term treatment with the formulated synthetic peptides 
compared to untreated and EMD alginate gel.

Joana Ramis
University of Balearic 
Islands, Spain 

Featured author: turn to p10 to read 
more about Dr Von den Hoff’s work
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Phenotypic characterization of mononuclear inflammatory cells 
following equine hydroxyapatite/collagen block grafting in rats

Asim Alsuwaiyan, Bing-Yan Wang and Robert E Cohen 

2012 Biomed. Mater. 7 065005

To measure the inflammatory changes associated with the implantation of an equine 
hydroxyapatite and collagen-containing block graft (eHAC block) in a rodent model 
system, an eHAC block graft was implanted subcutaneously in rats. Control groups 
included saline, turpentine oil, and human mineralized particulate allograft (hMPA). 
Animals were sacrificed and tissue samples obtained after three days, as well as after 
1, 2, 4 and 8 weeks. A panel of immunologic probes was used to identify circulatory 
monocytic cells (ED1), resident mononuclear phagocytes (ED2), mononuclear 
phagocytes of lymphoid origin (ED3), expression of Ia antigen (OX6), T-cells (OX19), and 
B-cells (OX33). Immunocytochemical localization was performed and mononuclear cells 
localized with each immunologic probe counted. Rat sera obtained after eight weeks were 
used for nitrocellulose dot-blotting to assess circulating anti-equine immunoglobulins. 
Statistical analysis was performed using two-way analysis of variance, in conjunction with 
the Bonferroni correction to account for multiple comparisons.

ARTICLES 2012

Robert Cohen
University of Buffalo, 
The State University 
of New York, USA

Preparation and in vitro evaluation of plasma-sprayed bioactive 
akermanite coatings

Deliang Yi, Chengtie Wu, Xubing Ma, Heng Ji, Xuebin Zheng and Jiang Chang   

2012 Biomed. Mater. 7 065004

Bioactive ceramic coatings on titanium (Ti) alloys play an important role in orthopedic 
applications. In this study, akermanite (Ca2MgSi2O7) bioactive coatings are prepared 
through a plasma spraying technique. The bonding strength between the coatings and 
Ti-6Al-4V substrates is around 38.7–42.2 MPa, which is higher than that of plasma 
sprayed hydroxyapatite (HA) coatings reported previously. The prepared akermanite 
coatings reveal a distinct apatite-mineralization ability in simulated body fluid. 
Furthermore, akermanite coatings support the attachment and proliferation of rabbit bone 
marrow mesenchymal stem cells (BMSCs). The proliferation rate of BMSCs on akermanite 
coatings is obviously higher than that on HA coatings.

Jiang Chang
Shanghai Institute 
of Ceramics, 
Chinese Academy of 
Sciences, People’s 
Republic of China 
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Jiang Chang
Shanghai Institute 
of Ceramics, 
Chinese Academy of 
Sciences, People’s 
Republic of China 

Jiang Chang is the Professor and Director of the Biomaterials and Tissue 
Engineering Research Center at the Shanghai Institute of Ceramics, 
Chinese Academy of Sciences in Shanghai.  

What prompted you to pursue this field of research? 
In general, my research interest is focusing on biomaterials for tissue regeneration, 
especially for hard-tissue regeneration, so we are developing biomaterials for orthopedic 
and dental applications. Metal materials as artificial hip joint implants and dental implants 
are widely used for the replacement of damaged bone and teeth. For this, one of the 
most important clinical issues is the stability or bonding strength of the implants with the 
surrounding bone tissue, which determines the lifetime of the implants. In addition, the time 
for bone integration with implants is also important because it greatly affects the healing 
time after implantation. A reduced healing time and a long lifetime may be related with the 
reduction of costs for the patient. Therefore, we are interested in the fabrication of implants 
with bioactive coatings, which can bind to bone tissue tightly and quickly after implantation. 
The design and development of new bioceramic coatings with improved stability and 
bioactivity may result in the development of a new generation of bone and dental implants 
with a longer lifetime and reduced healing time, which is meaningful for patients.

What is your paper ‘Preparation and in vitro evaluation of plasma-sprayed bioactive 
akermanite coatings’ all about? 
In our previous studies, we have found that akermanite, a silicate bioceramic is bioactive 
and can enhance bone regeneration as compared with calcium phosphate bioceramics 
(one of the often used bone-graft materials). Our preliminary study also showed that some 
Mg-containing silicate coatings on titanium may have a high bonding strength. Therefore, 
we assumed that if we use this akermanite silicate bioceramic to coat metal implants, 
it may bond to metal implants tightly and show bioactivity to stimulate bone/implant 
integration. The most interesting finding of our study was that our akermanite ceramic 
coating displayed high bonding strength to metal implants and showed bioactivity to 
bone-forming cells, which primarily confirmed our assumption that this silicate-based 
bioceramic coating has a good binding strength and in vitro bioactivity demonstrated by 
the test in simulated body fluid and cell-culture experiments.

What do you plan to do next?
We will further study the properties of different Mg-containing silicate coatings on titanium 
alloy and compare with akermanite coating to select the optimal silicate bioceramic 
coating for making orthopedic and dental implants. And based on the results of these 
studies, we will further evaluate the silicate bioceramic-coated implants in animal models, 
with our final goal to develop a new generation of orthopedic and dental implants, which 
have longer lifetime and reduced healing time as compared with the implants currently 
used in orthopedic and dental clinics.

Featured author
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Fabrication and optimization of alginate hydrogel constructs for use 
in 3D neural cell culture

J P Frampton, M R Hynd, M L Shuler and W Shain 

2011 Biomed. Mater. 6 015002

Two-dimensional (2D) culture systems provide useful information about many biological 
processes. However, some applications including tissue engineering, drug transport 
studies, and analysis of cell growth and dynamics are better studied using three-
dimensional (3D) culture systems. 3D culture systems can potentially offer higher degrees 
of organization and control of cell growth environments, more physiologically relevant 
diffusion characteristics, and permit the formation of more extensive 3D networks of cell–
cell interactions. A 3D culture system has been developed using alginate as a cell scaffold, 
capable of maintaining the viability and function of a variety of neural cell types. Alginate 
was functionalized by the covalent attachment of a variety of whole proteins and peptide 
epitopes selected to provide sites for cell attachment. Alginate constructs were used 
to entrap a variety of neural cell types including astroglioma cells, astrocytes, microglia 
and neurons. Neural cells displayed process outgrowth over time in culture. Cell-seeded 
scaffolds were characterized in terms of their biochemical and biomechanical properties, 
effects on seeded neural cells, and suitability for use as 3D neural cell culture models.

Articles 2011

John Frampton
University Michigan 
Ann Arbor, USA 

Evaluation of the tissue reaction to a new bilayered collagen matrix 
in vivo and its translation to the clinic

Shahram Ghanaati, Markus Schlee, Matthew J Webber, Ines Willershausen,  
Mike Barbeck, Ela Balic, Christoph Görlach, Samuel I Stupp, Robert A Sader  
and C James Kirkpatrick 

2011 Biomed. Mater. 6 015010

This study evaluates a new collagen matrix that is designed with a bilayered structure in 
order to promote guided tissue regeneration and integration within the host tissue. This 
material induced a mild tissue reaction when assessed in a murine model and was well 
integrated within the host tissue, persisting in the implantation bed throughout the in vivo 
study. A more porous layer was rapidly infiltrated by host mesenchymal cells, while a layer 
designed to be a barrier allowed cell attachment and host tissue integration, but at the 
same time remained impermeable to invading cells for the first 30 days of the study. The 
tissue reaction was favorable, and unlike a typical foreign body response, did not include 
the presence of multinucleated giant cells, lymphocytes, or granulation tissue. 

Shahram Ghanaati
Johannes Gutenberg 
University, Germany  
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Xianqun Fan
Shanghai JiaoTong 
University School of 
Medicine, People’s 
Republic of China 

Bone marrow stromal cells with a combined expression of BMP-2 
and VEGF-165 enhanced bone regeneration

Caiwen Xiao, Huifang Zhou, Guangpeng Liu, Peng Zhang, Yao Fu, Ping Gu,  
Hongliang Hou, Tingting Tang and Xianqun Fan

2011 Biomed. Mater. 6 015013

Bone graft substitutes with osteogenic factors alone often exhibit poor bone regeneration 
due to inadequate vascularization. Combined delivery of osteogenic and angiogenic 
factors from biodegradable scaffolds may enhance bone regeneration. We evaluated 
the effects of bone morphogenetic protein 2 (BMP2) and vascular endothelial growth 
factor (VEGF), combined with natural coral scaffolds, on the repair of critical-sized bone 
defects in rabbit orbits. In vitro expanded rabbit bone marrow stromal cells (BMSCs) 
were transfected with human BMP2 and VEGF165 genes. Target protein expression 
and osteogenic differentiation were confirmed after gene transduction. Rabbit 
orbital defects were treated with a coral scaffold loaded with BMP2-transduced and 
VEGF-transduced BMSCs, BMP2-expressing BMSCs, VEGF-expressing BMSCs, or BMSCs 
without gene transduction. Volume and density of regenerated bone were determined by 
micro-computed tomography at 4, 8, and 16 weeks after implantation.

ARTICLES 2011

Fabrication of uniaxially aligned 3D electrospun scaffolds for neural 
regeneration

Anuradha Subramanian, Uma Maheswari Krishnan and Swaminathan Sethuraman 

2011 Biomed. Mater. 6 025004

Nanofibrous scaffolds are very promising physical guidance substrates for regenerating 
nerves to traverse larger nerve gaps. In this study, we have attempted to develop 2D random 
and 3D longitudinally oriented nanofibers of poly(lactide-co-glycolide) (PLGA) by the 
modified electrospinning process and characterized the surface morphology, mechanical 
properties, porosity, degradation and wettability. The orientation of aligned fibers was 
optimized by varying the speed of the rotating mandrel in the electrospinning process. The 
mean diameter of random PLGA nanofibers was 197 ± 72 nm, whereas that of the aligned 
PLGA fiber was 187 ± 121 nm. The pore size of aligned PLGA nanofibers (3.5 ± 1.1 µm) 
was significantly lower than their respective random nanofibers (8.0 ± 2.0 µm) (p < 0.05). 
However, the percentage porosity of both scaffolds was comparable (p > 0.05). The tensile 
strength and Young’s modulus of random PLGA fibers were significantly higher than those of 
the aligned PLGA nanofibers (p < 0.05). Both random and longitudinally aligned scaffolds 
were used for the in vitro culture of Schwann cells. 

Swaminathan 
Sethuraman
SASTRA University, 
India  
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A novel fibrin gel derived from hyaluronic acid-grafted fibrinogen

Chiung L Yang, Hui W Chen, Tzu C Wang and Yng J Wang

2011 Biomed. Mater. 6 025009

Fibrinogen is a major plasma protein that forms a three-dimensional fibrin gel upon being 
activated by thrombin. In this study, we report the synthesis and potential applications 
of hybrid molecules composed of fibrinogen coupled to the reducing ends of short-chain 
hyaluronic acids (sHAs) by reductive amination. The grafting of sHAs to fibrinogen was 
verified by analyzing particle size, zeta potential and gel-electrophoretic mobility of the 
hybrid molecules. The sHA–fibrinogen hybrid molecules with graft ratios (sHA/fibrinogen) 
of up to 6.5 retained the ability to form gels in response to thrombin activation. The 
sHA–fibrin gels were transparent in appearance and exhibited high water content, which 
were characteristics distinct from those of gels formed by mixtures of sHAs and fibrinogen. 

ARTICLES 2011

TiO2-enriched polymeric powder coatings support human 
mesenchymal cell spreading and osteogenic differentiation

Mohammad Sayem Mozumder, Jesse Zhu and Hiran Perinpanayagam 

2011 Biomed. Mater. 6 035009

Novel polymeric powder coatings (PPC) were prepared by ultrafine powder coating 
technology and shown to support human mesenchymal cell attachment and growth. 
PPC surfaces enriched with nano-TiO2 (nTiO2) showed enhanced cellular responses, 
and were compared to commercially pure titanium (cpTi). After cell attachment and 
growth, osteogenic differentiation and bone matrix formation ensures osseointegration 
for implantable biomaterials. Therefore, the objective of this study was to determine if 
mesenchymal cells grown on PPC could undergo osteogenic differentiation by inducing 
Runx2 and bone matrix proteins, and then initiate mineralization. Atomic force microscopy 
revealed intricate three-dimensional micro-topographies, and the measures of nano-
roughness and porosity were similar for all PPC surfaces. Scanning electron microscopy 
showed that the cells attached and spread out over all of the surfaces. After 1 week in 
osteogenic media, RT-PCR analysis showed the induction of Runx2, the up-regulation of 
type I collagen, and the initial detection of alkaline phosphatase and bone sialoprotein. 
After 4 weeks, Alizarin Red staining showed mineral deposition. However, cell spreading 
and osteogenic differentiation were significantly (P < 0.05) higher on the cpTi controls 
than on the PPC surfaces. Furthermore, spreading and differentiation were consistently 
higher on the titanium-enriched PPC-2, -3 and -4 than on the titanium-free PPC-1.

Hiran 
Perinpanayagam
University of Western 
Ontario, Canada 
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Zhidao Xia
Swansea University, 
UK 

Improved human tenocyte proliferation and differentiation in vitro 
by optimized silk degumming

Xiao Wang, Yiwei Qiu, Andrew J Carr, James T Triffitt, Afsie Sabokbar and Zhidao Xia

2011 Biomed. Mater. 6 035010

Tendon disorders are common clinical conditions. Tendon tissue engineering provides 
a new approach for tendon repair by integrating engineered substitutes with their native 
counterparts. Silk is considered to be a promising candidate for tendon engineering 
because of its biological and mechanical properties. However, a major concern with 
using silk for biomedical applications is the immune responses generated by sericin, a 
glue-like protein that coats the silk fibres. This study improves the existing protocols for 
silk ‘degumming’ which removes sericin and enables preparation of silk that is suitable 
for tendon regeneration. Bombyx mori silks were treated by sequential treatments with 
different proteases. The efficiency of degumming was determined by measuring weight 
loss, picric acid and carmine staining and scanning electron microscopy. To evaluate the 
cellular responses after degumming, the growth and differentiation of human tenocytes 
on silks were examined. The results showed that sequential protease treatment effectively 
degummed raw silks.

ARTICLES 2011

Fabrication of engineered heart tissue grafts from alginate/
collagen barium composite microbeads

X P Bai, H X Zheng, R Fang, T R Wang, X L Hou, Y Li, X B Chen and W M Tian 

2011 Biomed. Mater. 6 045002

Cardiac tissue engineering holds great promise for the treatment of myocardial infarction. 
However, insufficient cell migration into the scaffolds used and inflammatory reactions 
due to scaffold biodegradation remain as issues to be addressed. Engineered heart 
tissue (EHT) grafts fabricated by means of a cell encapsulation technique provide cells 
with a tissue-like environment, thereby potentially enhancing cellular processes such as 
migration, proliferation, and differentiation, and tissue regeneration. This paper presents 
a study on the fabrication and characterization of EHT grafts from novel alginate/collagen 
composite microbeads by means of cell encapsulation. Specifically, the microbeads 
were fabricated from alginate and collagen by barium ion cross-linking, with neonatal 
rat cardiomyocytes encapsulated in the composite microbeads during the fabrication of 
the EHT grafts. To evaluate the suitability of these EHT grafts for heart muscle repair, the 
growth of cardiac cells in the microbeads was examined by means of confocal microscopy 
and staining with DAPI and F-actin.

Weiming Tian
Harbin Institute of 
Technology, People’s 
Republic of China 
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ARTICLES 2011

A fibroblast/macrophage co-culture model to evaluate the 
biocompatibility of an electrospun Dextran/PLGA scaffold and its 
potential to induce inflammatory responses

Hui Pan, Hongliang Jiang, Sarah Kantharia and Weiliam Chen

2011 Biomed. Mater. 6 065002

Fibroblasts and macrophages are the two major types of cells responding to implanted 
biomaterials. They play crucial roles in inflammatory responses, host–material interactions 
and tissue remodeling. However, the synergistic interactions of these two cell types 
with biomaterials are not fully understood. In this investigation, an in vitro fibroblast/
macrophage co-culture system was utilized to examine the biocompatibility and the 
potential to induce inflammatory responses of an electrospun Dextran/PLGA scaffold. 
The scaffold did not affect the morphologies, attachments, proliferations and viabilities of 
both the fibroblasts and macrophages, cultured separately or together. Moreover, it only 
activated a small subset of the macrophages implicating a low potential to induce either 
severe acute or chronic inflammatory response. Additionally, fibroblasts played a role in 
prolonging macrophage activation in the presence of the scaffolds. Using antibody arrays, 
IL-10, SDF-1, MIP-1 gamma and RANTES were found to be up-regulated when the cells 
were incubated with the scaffolds. The results of subdermal implantation of the Dextran/
PLGA scaffolds confirmed its biocompatibility and low inflammatory potential.

Weiliam Chen
New York University 
School of Medicine, 
USA 

Anthi Ranella
Foundation for 
Research and 
Technology - Hellas, 
Greece 

Tailor-made three-dimensional hybrid scaffolds for cell cultures

Stylianos Psycharakis, Androniki Tosca, Vasileia Melissinaki, Anastasia Giakoumaki, 
and Anthi Ranella

2011 Biomed. Mater. 6 045008

The construction of the ideal three-dimensional scaffold for cell culture is one of the most 
intriguing topics in tissue engineering. It has been shown that cells can be cultured on 
most organic biomimetic materials, which now are losing popularity in favour of novel, 
hybrid systems. In this study, a series of photosensitive sol–gel hybrid materials, based on 
silicon–zirconium and silicon–titanium oxides, have been investigated for their suitability 
in three-dimensional scaffold fabrication. These materials can be structured by two-photon 
polymerization, a laser-based technique allowing the fabrication of micrometre-size 
structures with submicron resolution. The work presented here examined the effect of the 
organic/inorganic composition of the materials on cell behaviour and the establishment of a 
‘cell-culture friendly’ environment. This is vital for cell adhesion, growth and differentiation, as 
the organic part of the material provides the soft matrix for cell growth, whereas the inorganic 
component gives the mechanical stability and rigidity of the three-dimensional structures.
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Robert Cohen
University at Buffalo, 
The State University 
of New York, USA

Robert Cohen is the Professor of Periodontics and Endodontics at the 
University at Buffalo, The State University of New York. 

What prompted you to pursue this field of research? 
Multidisciplinary studies such as the one described in our paper allow clinician-scientists 
to combine experience in a variety of fields to focus on a particular clinical problem. In our 
case, the research team consisted of periodontists with additional training in immunology 
and biochemistry. The goals of periodontal therapy are to preserve the natural dentition, 
periodontium and peri-implant tissues, as well as to maintain and improve periodontal 
and peri-implant health, comfort, esthetics and function. To accomplish this, grafting 
techniques for bone regeneration and augmentation are playing increasingly prominent 
roles. The current gold standard for grafting generally is considered to be autografts 
(materials obtained from the same individual). However, donor sites are associated with 
surgical morbidity, frequently resorb and are limited in quantity. Allografts (donor tissues 
obtained from different individuals) address many of the limitations associated with 
autografts. However, patients are occasionally reluctant to allow use of human materials, 

Featured author

ARTICLES 2011

Benjamin Nottelet
Universite Montpellier 
I, France 

PLA-based biodegradable and tunable soft elastomers for 
biomedical applications

Amine Harrane, Adrien Leroy, Hélène Nouailhas, Xavier Garric, Jean Coudane  
and Benjamin Nottelet

2011 Biomed. Mater. 6 065006

Although desirable for biomedical applications, soft degradable elastomers having 
balanced amphiphilic behaviour are rarely described in the literature. Indeed, mainly 
highly hydrophobic elastomers or very hydrophilic elastomers with hydrogel behaviours are 
found. In this work, we developed thermoset degradable elastomers based on the photo-
cross-linking of poly(lactide)-poly(ethylene glycol)-poly(lactide) (PLA-PEG-PLA) triblock 
prepolymers. The originality of the proposed elastomers comes from the careful choice 
of the prepolymer amphiphilicity and from the possible modulation of their mechanical 
properties and degradation rates provided by cross-linkers of different nature. This is 
illustrated with the hydrophobic and rigid 2,4,6-triallyloxy-1,3,5-triazine compared to the 
hydrophilic and soft pentaerythritol triallyl ether. Thermal properties, mechanical properties, 
swelling behaviours, degradation rates and cytocompatibility have been evaluated. Results 
show that it is possible to generate a family of degradable elastomers covering a broad 
range of properties from a single biocompatible and biodegradable prepolymer.
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and chemical processing has the potential to affect osteoconductive properties. As a result, 
our laboratory and others are investigating the use of xenogenic materials (obtained from 
different species) that might provide improved graft characteristics such as less morbidity, 
decreased graft resorption, better physical stability and enhanced osteoconduction.

What is your paper ‘Phenotypic characterization of mononuclear inflammatory cells 
following equine hydroxyapatite/collagen block grafting in rats’ all about? 
We wanted to determine whether an equine hydroxyapatite and collagen-containing block 
graft (eHAC) might have improved mechanical properties and be able to overcome some 
of the limitations associated with other materials currently used in periodontal, dental 
implant and other regenerative procedures. As an initial step, we wanted to measure the 
inflammatory response to eHAC block grafting in vivo using a well characterized panel 
of monoclonal antibody probes specific for mononuclear inflammatory cell subsets in a 
mouse model. We found that implantation of eHAC block grafts elicits a transitory, very 
mild inflammatory response similar to that obtained after human allograft implantation. 
The data also suggested that those responses were primarily due to surgical implantation, 
as they were similar to saline controls and routinely resolved to pretreatment levels within 
4–8 weeks. Since eHAC appears to be biocompatible, does not require a donor site and 
is associated with only a relatively mild inflammatory response, this material may have 
potential use in human periodontal and regenerative therapies.

What do you plan to do next?
Future studies include analysis of different graft materials, as well as using an expanded 
panel of antibody probes to assess potential changes in additional inflammatory cell 
subsets, and at different time periods. In addition, human clinical trials are being 
envisioned to determine the clinical significance and applicability of these new materials 
that might have potential use in periodontal and regenerative therapies.
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Biofabrication Highlights

Toward engineering functional organ modules by additive manufacturing 
Francoise Marga et al 2012 Biofabrication 4 022001

Engineering three-dimensional cell mechanical microenvironment with hydrogels 
Guoyou Huang et al 2012 Biofabrication 4 042001

Fabrication of fibrin scaffolds with controlled microscale architecture by a two-photon 
polymerization–micromolding technique 
Anastasia Koroleva et al 2012 Biofabrication 4 015001

The fabrication and cell culture of three-dimensional rolled scaffolds with  
complex micro-architectures 
Yaxiong Liu et al 2012 Biofabrication 4 015004

Unit cell-based computer-aided manufacturing system for tissue engineering 
Hyun-Wook Kang et al 2012 Biofabrication 4 015005

Laser direct-write of single microbeads into spatially-ordered patterns 
Theresa B Phamduy et al 2012 Biofabrication 4 025006

Rapid 3D printing of anatomically accurate and mechanically heterogeneous  
aortic valve hydrogel scaffolds 
L A Hockaday et al 2012 Biofabrication 4 035005

Biofabrication enables efficient interrogation and optimization of sequential  
culture of endothelial cells, fibroblasts and cardiomyocytes for formation of  
vascular cords in cardiac tissue engineering 
Rohin K Iyer et al 2012 Biofabrication 4 035002

Cell patterning through inkjet printing of one cell per droplet 
Shuichi Yamaguchi et al 2012 Biofabrication 4 045005

Biofabrication’s ‘Highlights of 2012’ collection represents the excellent work published in 
the journal last year. The articles were selected for the high praise received from referees, 
presentation of high-quality research and popularity with our online readership reflected in 
the number of downloads. 
 
All of the selected articles are free-to-read until the end of December 2013 at  
iopscience.org/bf/highlights-2012.
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