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abstract
Worldwide population aging and associated with it epidemics of osteoporosis, widespread of bone and joint re-

constructive surgery and first of all joint replacement lead to explosive growth of interest in bone grafting.
although autografts are still the golden standard in bone regeneration, allogeneic bone substitutes have 

reached a state that allows for their application with satisfying clinical results. However, it has repeatedly been 
supposed that the different allogeneic materials underwent different purification processes, which modifies bone 
regeneration properties of these materials and also for different safety conditions. In the present publication, the 
treatment of the precursor tissue, the safety conditions, and the regenerative possibilities of c+TBa bone blocks 
based in preclinical and clinical data are described. Thus, it is described how the risks of infections and also im-
munological reactions becomes completely eliminated, while the special purification process allows for preserva-
tion of the native structure of the bone block. Both the in vitro studies and the clinical trials including histological 
follow-ups showed the optimal regeneration properties of these bone blocks. It has been shown that the allogeneic 
bone grafts have been integrated without causing inflammatory anomalies at the implantation site. altogether, 
the allogeneic bone substitute material serves as an excellent basis for the formation of new bone. Finally, the 
combination of the allogeneic c+TBa bone blocks with different antibiotics is described. Interestingly, it is pos-
sible to combine the allogeneic bone substitute ether with antibiotics in the sense of prophylaxis and/or with bone 
marrow aspirate in order to accelerate bone remodeling.
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introduction

autologous bone grafting is considered to be the 
gold standard in case of bone tissue regeneration due 
to its osteogenic, osteoinductive and osteoconduc-
tive potential [1, 2]. However, the application of au-
tologous bone can cause complications as a further 
operative intervention at another localization as the 
intended implant site has to be performed [3].

In this context, the harvest of autografts is often as-
sociated with side effects and possible infections [3, 4].  
additionally, the amount of obtainable autologous 
bone tissue is often too small to fill the defect or im-
plantation site [4]. as a substitute for autologous bone 
transplants or for its volume increase the clinician has 
different alternatives as various bone grafting materi-

als are available, which are based on allogeneic, xeno-
geneic or synthetic origin [1, 5]. although all material 
classes support the bone tissue regeneration process 
primarily via osteoconduction, the highest regenera-
tive capacity is attributed to allogeneic materials. This 
has been assigned to the fact that the human donor 
tissue is suggested to have the highest similarity to 
the target tissue of the recipient organism [2, 6].

even in case of naturally derived biomaterials such 
as allogeneic bone substitutes it is indispensable that 
the donor tissue becomes purified from potential im-
munogenic components such as the bone tissue re-
lated cells to prevent graft rejections and also possible 
disease transmissions [7]. In this context, different 
physical and chemical processes are applied for puri-
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реферат
старение населения планеты и ассоциированная с ним эпидемия остеопороза, а также широкое распро-

странение реконструктивных операций на костях и суставах, в первую очередь эндопротезирования, привели 
к взрывному росту интереса к костной пластике. 

несмотря на то, что аутотрансплантаты по-прежнему остаются «золотым стандартом» при замещении 
костных дефектов, аллогенные костнозамещающие материалы достигли такого уровня качества, который по-
зволяет с успехом применять их в клинической практике. неоднократно высказывались предположения, что 
разные способы обработки различных типов аллогенных материалов по-разному меняют их регенеративные 
свойства и характеристики безопасности. 

В статье описана технология обработки исходного материала, перечислены требования к безопасности 
аллокости, регенеративные возможности костных блоков c+TBa. приводятся подтверждающие данные до-
клинических и клинических исследований. Технология c+TBa позволяет практически полностью исключить 
риск развития иммунологических реакций и передачи инфекции, а специальные этапы обработки позволяют 
сохранить естественную структуру костного блока. клинические и in vitro исследования с гистологическим 
контролем на разных этапах показали оптимальные регенеративные характеристики таких костных блоков. 
аллогенная кость интегрировалась, не вызывая локальных воспалительных реакций в месте транспланта-
ции. В целом аллогенные костнозамещающие материалы являются отличной основой для формирования но-
вой кости. В статье описаны комбинации аллогенных костных блоков c+TBa с различными антибиотиками  
с целью профилактики инфекции и/или с пунктатом костного мозга для стимуляции перестройки кости.

Ключевые слова: аллогенные костнопластические материалы, костная пластика, регенерация костной 
ткани.
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fication of the different commercially available allo-
geneic bone substitutes.

Based on its purification processes, allografts can be 
roughly divided into physically and physico-chemically 
processed materials [8]. The physically processed al-
lografts include globally widespread materials such as 
fresh-frozen bone and cryopreserved bone, in which 
the cellular constituents are completely preserved  
[9, 10]. In this case, the obtained transplants become 
only frozen (ca. -20°c) and partially irradiated (fresh- 
frozen bone) or treated with cryoprotective agents such 
as dimethyl sulfoxide  (dMSO) or glycerol and stored 
at about -196°c (cryopreserved bone), respectively.  
In case of these both bone substitute materials, viable 
cells could be detected, which even is an explicit target 
in the case of the cryopreservation procedure1 [9].

However, most allogeneic bone implants undergo 
chemical decellularization processes including differ-
ent purification steps and chemicals (Table). 

The final drying process, which ensures the stab-
le storage of the bone blocks at room temperature, is 
carried out either by evaporation of acetone (puros 
allograft, Tutoplast® Spongiosa Block), which is simi-
lar to the literature referenced solvent-dehydrated 
bone allografts (SdBa), or by freeze-drying (all other 
providers), which is often referred to as freeze-dried 
bone allografts (FdBa) [14, 15]. In total, mineralized 
bone allograft (MBa) is used as collective term for 
these materials [16].

altogether, the aim of these purification processes 
is to generate a bone grafting material, which primar-
ily serves as osteoconductive scaffold and allows opti-
mal bone tissue healing with optimal physicochemical 
properties without containing immunogenic ingredi-
ents. Finally, it is essential to assess allogeneic bone 
grafting materials after their complete processing in 
order to correctly evaluate their properties and the as-
sociated safety.

Treatment of bone blocks

The treatment of the original tissue from extrac-
tion to final preparation should be described by us-
ing the example of an allograft (allogenic bone block, 
cells + Tissuebank austria (c+TBa), austria), which 
is processed by the so-called allotec®-process under 
special consideration of certain safety aspects. prior 
to the wet-chemical treatment, a multi-stage selec-
tion process becomes applied to guarantee ideal ma-
terial quality and highest safety standards. This pro-
cess starts with the evaluation of the femoral heads 
by an experienced orthopedic surgeon who performs 
an initial clinical evaluation on basis of computer-
tomographic (cT) data prior to extraction. Thereby, 
the bone quality is evaluated in order to detect any 
potential compromising properties such as bone le-
sions and, thus, to prevent bone donation as early 
as possib le4. Furthermore, a detailed anamnesis and 
serological tests of the donors blood including HIV 
1/2, HBV, HcV and syphilis infections is performed to 
significantly reduce the risk of infection transmission 
prior to removal4. Only after a sufficient approval of all 
these safety parameters, the donor tissue is accepted 
for removal and subsequent processing. 

afterwards, the femoral heads become physico-
chemically processed to obtain sterile biomaterials in 
the good Manufacturing practice (gMp)-compliant 
cleanrooms of the c+TBa. Initially, tissue residues are 
manually removed and the bone tissue is divided into 
particles, blocks and rings. Thereafter, the raw bone 
material is transferred to an ultrasonic bath to remove 
tissue or cell components in order to prepare the do-
nor tissue for the subsequent application of chemi-
cals and, thus, for subsequent decellularization (See 
тable). This process step includes alternating rinsing 
with ethanol and diethyl ether as well as oxidative 
treatment with hydrogen peroxide. ethanol and die-

Table   
List of chemicals applied for the decellularization of different commercially available  

allogeneic bone blocks

allograft applied chemicals

puros allograft, Tutoplast® Spongiosablock [11] Hydrogen peroxide, NaOH, ethanol, acetone

dIZg-bone blocks [12] peracetic acid - ethanol

c+TBa-bone blocks, maxgraft®2 [13] diethyl ether, ethanol, hydrogen peroxide

TBF-bone blocks3 ethanol, chloroform, Hydrogen peroxide, Sodium 
hypochlorite

1 Sancho-Navarro R et al. cell Viability in a cryopreserved Human cancellous allograft. Revista espanola de cirugia ortopedica y 
traumatologia (english edition). elSeVIeR, aMSTeRdaM, Nl, vol. 52, no. 1, 1 january 2008 (2008-01-01), pages 27-31.

2 der allOTec® prozess. abailable at: https://www.ctba.at/de/Transplantate/c-TBa-prozess.
3 Treatment process. available at: http://www.tbf-lab.com/dent/en/phoenix-process/treatment-process.html.
4 cells + Tissuebank austria, gebrauchs- und Fachinformation. available at: http://ctba.at/downloads/broschur_ansicht.pdf.
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thyl ether cause the denaturation of non-collagenous 
proteins as well as the elimination of remaining bac-
teria and a virus inactivation while residual genetic 
material fragments are destroyed by the application 
of hydrogen peroxide [17–19]. In this way, the risks 
of infections and also immunological reactions are 
completely eliminated. To remove liquid residues the 
donor tissue is then subjected to freeze drying, which 
allows for preservation of the native structure of the 
bone block (Fig. 1). Then, the final sterilization of the 
bone material is processed by means of low-dose gam-
ma irradiation in order to additionally exclude possi-
ble contamination by microorganisms5 [17–20].

safety aspects of allogeneic bone  
grafting materials

In the past, reports of infection transmissions and 
immunological reactions as a result of the application 
of bone grafts have compromised the safety of these 
materials [21]. While these concerns might be justified 
for unprocessed or only physically treated allogeneic 
bone grafting materials, physico-chemically processed 
materials only maintain a hypothetical residual risk 
[22, 23]. Thus, the transmission of infectious diseases 
has only been reported for allografts, which were not 
physico-chemically or not correctly treated, respec-
tively [24, 25]. However, since the introduction of the 
so-called Nucleic acid Test (NaT), a highly sensitive 
and specific test for the detection of even the smallest 
amounts of genetic material of pathogens, in 2004, no 
disease transmission was reported by the transplanta-
tion of human bone [22].

Infrequent reports, which have reported an allo-
sensitization of recipients of human bone grafts, have 
shown to be mainly related to application of fresh or 
freshly frozen bone [26–28]. Only g.e. Friedlaender et 
al. have reported an allo-sensitization by the trans-
plantation of freeze-dried musculoskeletal allografts 
in orthopedic application [29]. However, the latter did 
not result in any clinical effects. In addition, it should 
be mentioned that the processing and the quality 
standards of the materials used in this study did not 
match the processing of other allografts. Furthermore, 
no donor-specific antibodies could up to now be de-
tected in recipients of physico-chemically processed 
allogeneic bone blocks. In addition, it was shown that 
even the mismatch of the so-called human leuko-
cyte antigens (Hla), which represents a protein fam-
ily that allows the immune system to distinguish the 
body‘s own proteins from exogenous proteins, has no 
influence on the ingrowth of allogeneic bone grafts 
[30–32]. 

On basis of the above described purification 
process of c+TBa allografts, the risk of infection 
transmission or an allo-sensitization caused by the 
chemically processed and freeze-dried allografts is 
no more present. although single cell components 
could be detected within the bone matrix, there is 
no evidence of any clinical effects by these results 
[22, 31–35]. Thus, over the past twenty years, there 
was no reported case of this bone grafting material, 
which caused the transmission of an infection, nor a 
single case, which documented a health problem of a 
recipient of decellularized allografts [33].

5 cells + Tissuebank austria, gebrauchs- und Fachinformation. available at: http://ctba.at/downloads/broschur_ansicht.pdf.

Fig. 1. Image of a c+TBa bone block with a clearly visible trabecular structure (а). Histological image of the bone  
block showing its clearly visible lamellar structure (asterisks) and the empty matrix lacunae (arrows) (Sirius-staining,  
400× magnification) (b). electron microscopical image showing the basic structure of the c+TBa bone block (c).  
The preservation of the lamellar ultrastructure (asterisks) and the complete purification of both the Haversian 
channels (blue arrow) and the osteocyte lacunae (red arrows) is clearly visible (black coloring = processing-related 
coloring = empty areas; 1250× magnification)

а b с
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Bone tissue regeneration using allogeneic 
bone grafting materials 

Bone is the best substitute for bone. Thus, it makes 
sense to fill the defects up with allogeneic bone es-
pecially based on their physico-chemical similarity to 
that of the bone matrix of the recipients bone tissue in 
all cases of defect fractures with critical size bone de-
fects. allogeneic bone substitute materials are avail-
able in many different forms, i.e., granules, blocks, 
wedges etc. in order to (Fig. 2).

In this context, in vitro studies have demonstrated 
the excellent biocompatibility and bone compatibility 

of allogeneic c+TBa bone blocks as a substrate for 
osteoblastic growth [unpublished data by unger et al.] 
(Fig. 3). 

Moreover, clinical trials including histologi-
cal follow-ups allowed to prove the optimal regen-
eration properties of these bone blocks (Fig. 4–8).  
In this context, it has been shown that the alloge-
neic bone grafts have been integrated without caus-
ing inflammatory anomalies at the implantation site  
(Fig. 8). Moreover, the allogeneic bone substitute 
material serves as an excellent basis for the forma-
tion of new bone (Fig. 8 а and b). 

Fig. 2. The allogeneic 
bone substitute 
material is available  
in many different 
shapes,  
i.e., as granules (a),  
blocks (b) or in 
diaphysial shape (c)

а b с

а b

Fig. 3. cellular 
growth behavior of 
osteoblastic Mg-63 
cells (a) and primary 
human osteoblasts (b) 
onto the allogeneic 
bone grafting material 
(calcein-staining,  
100× magnification)

Fig. 4. pathological 
peritrochanteric 
fracture juvenile cyst  
of a 12-year boy 
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Fig. 7. plate removal after 6 months after operation 
with good remodeling of the implanted allograft 
material (c+TBa) 

Fig. 6. Stabilization of the defect side with a plate 
osteosynthesis

Fig. 5. allogeneic c+TBa bone mixed with bone  
marrow aspirate from the posterior pelvic crest (a and b).  
cyst and bone defect filled with allogenic c+TBa bone (c)

а b

с
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infection treatment using a combination 
of allografts and antibiotics

postoperative infections after joint replacement 
with severe bone loss often requires bone reconstruc-
tion procedures. The management of infections of 
bone after joint replacement has always been difficult 
and is still a challenge for surgeons. In recent decades, 
the standard treatment for osteitis has been serial ag-
gressive debridement followed by extensive lavage 
with 8–10 liters of pulsed saline. long-term systemic 
antibiotics often combined with the combination of 
local antibiotics followed by reconstruction of skel-
etal defects is the modern way of treatment [36–38]. 
Nevertheless, the essential step in the treatment of 
bone infections is radical debridement with removal 
of dead bone and all foreign materials. Interestingly, it 
is possible to combine the allogeneic bone substitute 
ether with antibiotics in the sense of prophylaxis or 
with bone marrow aspirate in order to accelerate bone 
remodeling (See fig. 5). 

competing interests: the authors declare that 
they have no competing interests.

funding: the authors have no support or funding 
to report. 
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