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Abstract
Purpose We have recently developed an autologous bone graft substitute (ABGS) containing recombinant human bone morphogenetic protein 6 (rhBMP6) in autologous blood coagulum (ABC) that induces new bone formation in vivo. In order to
improve biomechanical properties of the implant, compression resistant matrix (CRM) consisting of synthetic ceramics in the
form of macroporous cylinders was added to the ABGS and we evaluated the biomechanical properties and the quantity and
quality of bone formation following subcutaneous implantation in rats.
Methods ABGS implants containing rhBMP6 in ABC with cylindrical ceramic blocks were implanted subcutaneously
(n = 6 per time point) in the axillary region of Sprague-Dawley rats and removed at specified time points (7, 14, 21,
35, and 50 days). The quantity and quality of newly formed bone were analyzed by microCT, histology, and
histomorphometric analyses. Biomechanical properties of ABGS formulations were determined by employing the
cut test.
Results MicroCT analyses revealed that ABGS implants induced formation of new bone within ceramic blocks. Histological
analysis revealed that on day seven following implantation, the endochondral ossification occupied the peripheral part of
implants. On days 14 and 21, newly formed bone was present both around the ceramic block and through the pores inside the
block. On both days 35 and 50, cortical bone encircled the ceramic block while inside the block, bone covered the ceramic surface
surrounding the pores. Within the osseous circles, there were few trabeculae and bone marrow containing adipocytes. ABGS
containing cylindrical ceramic blocks were more rigid and had significantly increased stiffness compared with implants containing ceramic particles as CRM.
Conclusion We demonstrated that macroporous ceramic blocks in a form of cylinders are promising CRMs with good handling
and enhanced biomechanical properties, supporting bone formation with ABGS containing rhBMP6 within autologous blood
coagulum. Hence, ABGS containing ceramic blocks should be tested in preclinical models including diaphyseal segmental
defects and non-unions in larger animals.
Keywords Bone morphogenetic proteins (BMPs) . BMP6 . Autologous blood coagulum . Autologous bone graft substitute . BMP
carrier . Macroporous blocks . Synthetic ceramics
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Introduction
Bone morphogenetic proteins (BMPs) were originally isolated
from demineralized bone matrix [1, 2] and represent a large
subgroup of the TGFβ superfamily members [3]. BMP2
(Infuse®) and BMP7 (OP-1®) with bovine collagen as a carrier have been shown to promote new bone formation in clinical trials of several orthopaedic indications [4, 5]. We have
recently shown that BMP6 is more potent in promoting osteoblast differentiation due to its resistance to noggin, a BMP
antagonist abundant in bone, and interacts with the BMP type
I and type II receptors [6]. BMP6 in autologous blood coagulum as a carrier induced new bone regeneration in vivo at
lower doses than BMP2 and BMP7 used on bovine collagen.
Autologous blood coagulum (ABC) is a preferred physiological native carrier for BMPs [7]. ABC presents several
advantages that include eliciting little or no foreign body response, a tight BMP binding to plasma proteins within the
fibrin meshwork and sustained release of BMP over the time
[7–9]. Autologous bone graft substitute (ABGS) containing
rhBMP6 in ABC has been recently tested for safety and efficacy in patients undergoing high tibial osteotomy (HTO) [10]
and distal radial fracture (DRF) therapy [11].
In indications requiring larger implants (e.g., posterolateral
spinal fusion (PLF) and segmental bone defects), the biomechanical resistance of implants was addressed with the addition of compression resistant matrix (CRM) to ABGS [9]. We
first reported usage of devitalized allograft as CRM and demonstrated the efficacy and safety of ABGS containing
rhBMP6 within ABC with allograft in preclinical PLF rabbit
and sheep models [9, 12]. Following successful outcome, the
same formulation is currently being evaluated in the human
PLIF clinical trial (EudraCT number 2017-000860-14).
However, allograft has several disadvantages including the
risk of viral transmission, immunogenicity, and regulatory
issues through different states which urged us to find a safe
and effective alternative [13]. Calcium phosphate ceramics,
most notably tricalcium phosphate (TCP) and hydroxyapatite
(HA), are well known osteoconductive materials [14–20]. The
main difference between TCP and HA is their reactivity and
resorbability as TCP is more resorbable than HA. Therefore,
TCP and HA are combined to form biphasic calcium phosphate (BCP) ceramics in various TCP/HA ratios in order to
obtain the desired CRM resorbability [14].
Synthetic ceramics are formulated into various particle
sizes as granulates or preformulated blocks of different geometrical shapes (e.g., cylinders, slabs) [21, 22]. Due to the
aforementioned disadvantages of allograft, we reported the
use of ceramic particles as CRMs with ABGS containing
rhBMP6 and ABC in the rat subcutaneous assay and PLF
rabbit model [23, 24]. Advantages of particle use include a
broad range of available sizes and geometrical shapes as well
as adaptability of implants to desired shapes in a specific
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clinical condition. However, particles are by definition unorganized and would assume their position and distribution
within ABGS during implant preparation. On the other hand,
preformulated blocks already have a desired shape and might
be an alternative to particles to design uniform osteogenic
ABGS devices for selected indications.
In the present study, we evaluated the biology of bone
induction by ABGS containing rhBMP6 within ABC and ceramic macroporous cylinders as a CRM. In addition, we examined the biomechanical properties of ABGS containing ceramic blocks and compared them with biomechanical properties of ABGS with and without ceramic particles.

Material and methods
Test items
The test items were rhBMP6 produced by Genera Research
(Zagreb, Croatia) and various synthetic ceramic macroporous
blocks in the form of porous ceramic cylinders produced by
CaP Biomaterials (East Troy, WI, USA) (Fig. 1a). The main
determinants of the porous ceramic cylinders were the foam
template structure, chemical composition, sintering temperature, and slurry weight/foam weight (S/F) ratio. The chemical
composition of the ceramic cylinders used in this study was a
biphasic calcium phosphate ceramic containing betatricalcium phosphate and hydroxyapatite in an 80/20 ratio.
The sintering temperature was 1175 °C. Polyurethane foam
templates had a pore structure averaging 60 pores/in. (2.4
pores/mm) and with the S/F ratio either 30:1 or 35:1.
Properties of the cylindrical ceramic blocks are summarized
in Table 1.

Experimental design
The study consisted of testing in which we compared biomechanical properties of ABGS containing ceramic blocks and
ceramic particles as CRM and rat subcutaneous implantation
assays in which we evaluated the time course of bone formation as well as bone microarchitecture of newly formed bone
by ABGS containing rhBMP6 in ABC with ceramic blocks
(Fig. 1b).
We tested biomechanical properties of five different ABGS
formulations: ABC, ABC with small and medium particles
(74–420 μm and 500–1700 μm) [24] and ABC with two types
of cylindrical ceramic blocks (30:1 and 35:1) (Table 2). The
rat subcutaneous implant assay was used in order to define the
cascades of biological events following subcutaneous implantation of ABGS containing rhBMP6 in ABC with two similar
cylindrical ceramic blocks (Table 2). The bone formation outcome was evaluated 7, 14, 21, 35, and 50 days following
implantation using histological and microCT analyses.
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Table 1 Properties of cylindrical
ceramic blocks used in the study
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Group

Chemical
composition

S/F
ratio

Sintering
temperature

Average pore
size

Average density

Average
porosity

A
B

TCP/HA 80/20
TCP/HA 80/20

30:1
35:1

1175°
1175°

374 ± 14 μm
376 ± 24 μm

0.71 ± 0.04 g/cm3
0.71 ± 0.03 g/cm3

77 ± 1%
77 ± 1%

Implant preparation

Preparation of implants for rat subcutaneous assay

Preparation of implants for biomechanical testing
Implants for biomechanical testing consisted of blood coagulum with or without CRM in the form of cylindrical ceramic
blocks and ceramic particles. Blood (2.5 mL) was withdrawn
into tubes without an anticoagulant substance. Cylindrical ceramic blocks and ceramic particles were placed in appropriate
syringes (BD 5 mL). Blood was mixed with ceramic blocks/
particles and left to coagulate at room temperature as previously described [9].

To prepare implants suitable for implantation into the axillary
region of rats, cylindrical ceramic blocks were cut into smaller
segments and each implant contained one uniform segment.
Blood was collected into tubes without an anticoagulant substance in a volume of 500 μL. RhBMP6 was mixed with the
blood immediately at withdrawal and added to a sterile syringe (5 mL, BD) containing cylinder segment and left five
to 15 minutes to coagulate. All implants were implanted within one hour following coagulation as described [8, 9, 24]. The
dose of rhBMP6 was 20 μg per implant.

Fig. 1 Microarchitecture and biomechanical properties of the cylindrical
ceramic blocks. a Frontal (left) and longitudinal (right) microCT section
of cylindrical ceramic blocks used in in vivo experiments. b 3D reconstruction of ABGS implant containing rhBMP6 in autologous blood coagulum (ABC) with a cylindrical ceramic block. The height and diameter
of the ceramic block were around 5 mm. c Subcutaneous implantation of
ABGS in axillary region of Sprague-Dawley rats. d Biomechanical
properties (stiffness, elasticity, and work) of autologous bone graft substitute (ABGS) with cylindrical ceramic blocks (cylinders with 30:1 and

35:1 S/F ratio (Cyl 30:1, Cyl 35:1, respectively) compared with ABGS
with ceramic particles (small, 74–420 μm (S) and medium, 500–1700 μm
(M)) or without ceramic particles (autologous blood coagulum - ABC).
All values were determined using the cut test and expressed as mean ± SD
as indicated. One-way analysis of variance with Tukey’s multiple comparisons test was performed. Arrows at lines above graph bars indicate the
experimental group statistically compared with other experimental groups
marked by a vertical line. P values are marked with asterisk indicating *
P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001
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Table 2 The experimental design
of the study
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1. Biomechanical testing – description of groups
a) Blood coagulum (control group)
b) Ceramic particles 74–420 μm + ABC
c) Ceramic particles 500–1700 μm + ABC
d) Cylindrical ceramic block (30:1, 1175°) + ABC
e) Cylindrical ceramic block (35:1, 1175°) + ABC
2. Rat subcutaneous implant assay
Experimental groups
a) Cylindrical ceramic block (30:1) + ABC + rhBMP6
b) Cylindrical ceramic block (35:1) + ABC + rhBMP6

Time points (days)
7, 14, 21, 35, and 50

Biomechanical testing

MicroCT analyses

Biomechanical properties of the implants (stiffness, elasticity,
and work-to-break) were evaluated performing cut test
(TA.HDPlus, Stable Micro Systems, UK) in which implants
were cut through the middle of the implant as described [8, 9].
Stiffness and elasticity of the implant as well as the work
needed to cut the implant were calculated.

Implants were scanned by 1076 SkyScan μCT machine
(Bruker, Belgium) to visualize and quantify the bone volume
through different stages of bone formation. Scanning parameters were 18 μm resolution, 0.5 mm aluminum filter, frame
averaging set to a value of 2 while the scanning width was set
to 34 mm as described [25].
Reconstruction of acquired images was done using the
NRecon software (Bruker, Belgium) while the CTAn software
(Bruker, Belgium) was used for further analyses. On reconstructed images, newly formed bone tissue was separated from
ceramics and the amount of bone (bone volume) was calculated [23, 24].

Experimental animals
In in vivo experiments, male and female Sprague-Dawley laboratory rats (8 weeks old, body weight between 200 and 300 g, in
house bred - animal facility at the Laboratory for Mineralized
Tissues, University of Zagreb School of Medicine, Zagreb,
Croatia) were used. Rats were housed in poly sulfonic (PS)
cages with environmental enrichment in conventional laboratory
conditions at the temperature of 20–24 °C, relative humidity of
40–70%, noise level 60 dB, and illumination 12 hours per day
provided by fluorescent lighting. Standard GLP diet and fresh
water were provided ad libitum.
Ethical principles of the study ensured compliance with
European Directive 010/63/E, the Law on Amendments to
Animal Protection Act (Official Gazette 37/13), the Animal
Protection Act (Official Gazette 102/17), ordinance on the
protection of animals used for scientific purposes (Official
Gazette 55/13), FELASA recommendations, and recommendations of the Ethics Committee at School of Medicine,
University of Zagreb.

Surgical procedures
Rats were anaesthetized before the surgical procedure by a
combination of xylazine 5 mg/kg (i.m.) and ketamine
100 mg/kg (s.c.). ABGS containing rhBMP6 within ABC
with cylindrical ceramic blocks was implanted into the axillary region as previously described [8, 9, 24] (Fig. 1c).
Laboratory animals were euthanized at days seven, 14, 21,
35, and 50. The axillary regions were dissected and implants
were extracted.

Histology
Samples were fixed in 4% formalin for ten days. All samples
were then decalcified using 14% EDTA in 4% formalin solution
for 20 days with a solution change every two days. All samples
were embedded in paraffin and cut at 5-μm slice thickness and
stained by Goldner as described [9]. In addition, several samples
were processed undecalcified as described [24] for histological
examination of the extent and microarchitecture of the newly
formed bone.

Immunohistochemistry
Immunohistochemistry was performed after tissue
deparaffinization and rehydration. Heat-induced epitope retrieval (HIER) was performed in sodium citrate buffer
pH 6.0 in a microwave oven for 15 minutes, following cooling
for 30 min at room temperature. Mouse and rabbit specific
HRP/AEC IHC detection kit – micro-polymer (Abcam, UK)
was used in all procedures. Slides were incubated with the
following primary antibodies: rabbit anti-SOX9 and rabbit
anti-OSX overnight at 4 °C in a moist chamber. All antibodies
were purchased from Abcam (UK). Goat anti-rabbit secondary antibody was used, coupled with horseradish peroxidase
(HRP), and detected using diaminobenzidine (DAB)
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Fig. 2 MicroCT analysis and
microCT/histological sections
through the implants. a MicroCT
analyses and reconstructed images (RI) of autologous bone graft
substitute (ABGS) with ceramic
blocks showing ceramics (white)
on day 7 and then newly formed
bone (green) and ceramics (white)
on days 14, 21, 35, and 50. Newly
formed bone was uniformly present inside the cylinder while the
cortical bone encircled the cylinder outside. b Bone volume
(mm3) among experimental
groups throughout the follow-up
period. The amount of newly
formed bone reached its peak on
day 14 and then decreased towards day 50. Two-way analysis
of variance with Tukey’s multiple
comparisons test was performed.
Values are expressed as mean ±
SD. P values are marked with asterisk; * P ≤ 0.05, ** P ≤ 0.01,
*** P ≤ 0.001. c Histological
sections through bone-ceramic
structure (BCS) consisting of
newly formed bone and various
cylindrical ceramic blocks (yellow asterisk) containing pores
(red asterisk) on day 35.
Pronounced cortical bone (green
arrow) formed boundaries of
newly formed BCS

chromogen. Slides were counterstained in hematoxylin and
mounted using ImmunoHistoMount™ (Sigma-Aldrich, MO,
USA). Images were acquired using Olympus BX53
microscope.

Histomorphometry
Bone histomorphometry was conducted to quantify the
amount of newly formed tissues including bone, CRM, and
the bone marrow distribution among the ectopic explants on
days 14, 21, 35, and 50 as previously described [23, 24].
Shortly, histology sections were stained by modified
Goldner’s stain, staining the bone green/turquoise, while
CRM remained white. Goldner’s stained sections were imaged in × 10 (1.83 pixel/μm) magnification using an
Olympus BX53 upright microscope equipped with a DP27
camera (5 megapixels, 15 fps) and operated by the cellSens
Dimension software (Olympus, Japan). The Photoshop software (Adobe System, CA, USA) and Fiji ImageJ software
(version 1.51r; NIH, MD, USA) were used for image analyses. Results were expressed as area percentages.

Data analysis
Data distribution of continuous variables had been checked
with the Kolmogorov-Smirnov test. Values are expressed as
mean ± SD as indicated. Depending on the experiment, oneway analysis of variance or two-way analysis of variance with
Tukey’s multiple comparisons test was performed. All P
values below 0.05 were considered significant and they are
marked with asterisks; *(P ≤ 0.05), **(P ≤ 0.01), ***(P ≤
0.001). Statistical programs IBM SPSS Statistics (v.25) and
GraphPad Prism (v.8) were used in all statistical calculations.

Results
Biomechanical testing
We used the cut test to determine the stiffness, elasticity and
load, and work-to-break of various ABGS formulations containing CRM as cylindrical ceramic blocks (Fig. 1a–b) or particles. Stiffness and work-to-break were significantly higher in
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Fig. 3 Sequence of histological
events following subcutaneous
implantation of autologous bone
graft substitute (ABGS).
Modified Goldner’s stained
histology sections. Newly formed
bone was stained green, black
asterisks indicated ceramic
cylinders, yellow arrows marked
endochondral ossification, and
blue arrows the bone marrow.
Scale bars were shown in the
lower right corner. On day 7, the
endochondral ossification was
present outside the cylindrical
block and penetrated to few pores.
On days 14 and 21, the newly
formed bone was present
throughout the pores inside the
ceramic block. On days 35 and
50, the bone covered the surface
of the ceramics encircling pores.
Within the ossicle, there were few
trabeculae and bone marrow with
adipocytes
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Fig. 4 Immunolocalization of SOX-9 and osterix during ectopic bone
formation. Immunolocalization of SOX-9 on day 7 (upper row) and
osterix (OSX) on day 14 (lower row) following implantation. On day 7,
SOX-9 was localized in the areas with endochondral ossification outside

the ceramic blocks and in some pores. On day 14, OSX was localized on
surfaces of the newly formed bone in the ceramic block pores. Black
asterisk indicates the ceramic block

ABGS formulations containing ceramic blocks as compared
with ABGS with ceramic particles or ABC alone (Fig. 1d).
There was no significant difference in neither stiffness nor
work-to-break between tested ceramic blocks. Elasticity was
significantly lower in groups containing ceramic blocks than
in groups containing particles or those without CRM (Fig. 1d).
The elasticity between the tested ceramic blocks which differed in S/F ratio was similar.

ceramics were separated on microCT sections (Fig. 2a)
and the amount of newly formed bone was calculated
for each time point (Fig. 2b). On day seven, only small
areas of newly formed bone were visible on the peripheral
parts of implants and therefore newly formed bone was
almost undetectable by microCT analyses. However, on
day 14, there was an extensive amount of newly formed
bone in all implants which decreased in time. Importantly,
from day 21 onwards, the cortical bone at the boundaries
of BCS was well defined and distinguishable from the
trabecular bone (Fig. 2a and c).

Rat subcutaneous assay
All tested ABGS formulations induced formation of bone adjacent or inside the cylindrical ceramic blocks and formed a
vascularized, bone tissue-engineered construct previously
named as a bone-ceramic structure (BCS) [24] (Figs. 2 and
3). Newly formed BCS on day 14 and onwards typically
consisted of cortical bone forming BCS boundaries, bone on
the ceramic surface, and trabeculae in the pores. The cascade
of biological events and microarchitecture of the newly
formed BCS were analyzed by microCT and on histology
sections (see following sections).
MicroCT analyses
Bone induction and formation of BCS were analyzed and
quantified on microCT sections. Newly formed bone and

Histology
On day seven after implantation, the endochondral bone
was present on the periphery and in a few pores of cylindrical ceramic blocks (Figs. 3 and 4) while the central part
of the implant contained pores with remnants of autologous blood coagulum. On day 14, the new bone was present in all histological sections (Fig. 3). The newly formed
bone was divided into the cortical bone, bone on the outer
and inner surfaces of ceramics, and trabecular bone inside
the pores (Fig. 4). Cortical bone was present outside the
cylindrical ceramic blocks forming boundaries of the newly formed BCS. Inside the ceramic block, bone was uniformly present in the pores regardless of the pore position
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Fig. 5 Histomorphometric
analysis. a Static
histomorphometric analysis of
histological sections stained by
Goldner. In order to determine the
amount of bone (yellow arrow),
bone marrow (blue arrow), and
compression resistant matrix
(CRM) (black asterisk), regions
of interest were masked with distinctive color (black) and further
thresholded for measurement. b
The amount of bone (%) and bone
marrow as well as bone/bone
marrow ratio determined by
histomorphometric analysis on
histological sections. The percentage of bone reached its peak
on day 14 and then decreased in
time, while the bone marrow in
parallel increased in time.
Subsequently, the bone/bone
marrow (b/bm) ratio decreased in
time from day 14 to day 50. Twoway analysis of variance with
Tukey’s multiple comparisons
test was performed. Values are
expressed as mean ± SD as indicated. P values are marked with
asterisk; * P ≤ 0.05, ** P ≤ 0.01,
*** P ≤ 0.001

inside the block. In the pores, bone covered the surface of
the ceramics encircling pores with bone and dense trabecular network. Bone marrow was present between bone trabeculae. At days 14 and 21, there were only few adipocytes
in the bone marrow and the microarchitecture of BCS was
similar (Fig. 3). Inside the pores, the number and thickness
of the trabeculae decreased, while the adipocyte numbers
were increased in the bone marrow as compared with day
14. Histology on day 35 and day 50 was similar and it
seemed that the ectopic osteogenesis reached its final pattern (Fig. 3). Outside the ceramic block, the well-formed
cortical bone defined the boundaries of BCS (Fig. 2c),
while inside the pores, bone completely covered the surface of the ceramics surrounding the pores with bone (Fig.
3). Inside the ossicle, there were few trabeculae, while in
the bone marrow, adipocytes were dominant.

Histomorphometry
Histomorphometric analysis (Fig. 5a) was performed in order
to determine changes in the amount of bone and bone marrow
through the follow-up period. The amount of bone in the pores
was highest while the amount of bone marrow was lowest on
day 14 (Fig. 5b). Towards the end of the experiment, there was
a trend of a decreased bone volume and increased bone marrow area in the pores. Subsequently, the bone/bone marrow
ratio decreased through time (Fig. 5b).

Discussion
In the present study, we demonstrated that ABGS implants
containing synthetic ceramic macroporous blocks had
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significantly increased stiffness and load (work-to-break) than
ABGS implants with or without ceramic particles. Moreover,
ABGS with ceramic blocks were more rigid and their elasticity was significantly decreased. ABGS containing
macroporous blocks as CRM induced endochondral differentiation on day seven at the periphery as shown by
chondrocytes marker, SOX-9. By day 14 onwards, new bone
formation was evident with bone volume reaching its peak
and slowly decreasing in time as examined by histology and
microCT analyses. The newly formed bone was uniform in
the duration of the study and present in all pores through the
macroporous block. We demonstrated for the first time a sequence of ectopic osteogenesis following subcutaneous implantation of this novel ABGS containing cylindrical ceramic
blocks as CRM.
The osteoinductive and osteoconductive properties of
implants were typically tested in small animals (mice or
rats), both in orthotopic models (e.g., calvarial critical size
defect) [19, 26–30] and ectopic bone model (subcutaneous or intramuscular implantation) [18, 31–34]. Rat subcutaneous bone induction model is routinely used for rapid evaluation of osteogenic properties of potential devices
for bone regeneration [35]. Here, we quantified and described rhBMP6-induced bone formation in ABGS containing macroporous blocks as CRM. MicroCT analyses
revealed that newly formed bone was uniform and as well
present in all pores in the macroporous block. However,
microarchitecture of the newly formed bone and the cellular microenvironment significantly changed in time. The
number of bone trabeculae inside the pores decreased in
time and adipocytes became the predominant cell population in the bone marrow. This phenomenon was ascribed
to biological activity of osteogenic BMPs in both osteogenic and adipogenic differentiation [28, 36–38]. It has
been demonstrated that osteogenic BMPs also possess
strong adipogenic activity, which is primarily regulated
through the activity of peroxisome proliferator-activated
receptor gamma 2 (PPARγ2) [37, 38]. On days 35 and
50 following implantation, ectopic osteogenesis had undergone extensive remodeling and exhibited a BCS
consisting of well-defined cortical bone on the boundaries, bone covering the ceramic surfaces, and few trabeculae in the pores surrounded with abundant bone marrow
containing predominantly adipocytes. Pronounced cortical
bone surrounding the macroporous block is the most important feature of the newly formed BCS in ABGS containing cylindrical macroporous blocks indicating that the
most appropriate indication for their further evaluation is
the treatment of diaphyseal segmental and non-union defects in which the newly formed cortical bone should
establish a continuity along the cortices of long bones.
Implantation of ABGS containing rhBMP6, ABC, and ceramic scaffold induced a formation of a defined, tissue-
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engineered bone construct which we previously described as
BCS [24]. Unlike ABC which rapidly resorbs in time, the
ceramics provide a long-lasting scaffold whose resorbability
is determined by chemical composition of ceramics, specifically the tricalcium phosphate/hydroxyapatite ratio [14, 16,
18]. The main advantage of ABGS containing organized,
one-part ceramic block is that they might be available in a
broad range of geometrical shapes adjusted for specific conditions. Moreover, ceramic determinants such as overall porosity, pore size, and wall thickness could be engineered during manufacturing processes [14].

Conclusions
We demonstrated that macroporous ceramic blocks in a form
of cylinders are promising CRMs with enhanced biomechanical properties and good handling, supporting bone formation
with ABGS containing rhBMP6 within autologous blood coagulum. Therefore, ABGS containing ceramic blocks should
be tested in preclinical models such as diaphyseal segmental
defects and non-unions in larger animals.
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