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Abstract

Objective: Bone grafting is a vital component in many
surgical procedures to facilitate the repair of  bone de-
fects or fusions. autologous bone has been the gold
standard to date in spite of  associated donor-site mor-
bidity and the limited amount of  available donor bone.
The aim of  this study was to investigate the progress
of  bone regeneration and material degradation of  cal-
cium phosphate granules (cPg) produced from a cal-
cium phosphate self-setting cement powder compared
to the use of  autologous bone grafting in the treat-
ment of  “critical size defects” on load-bearing long
bones of  minipigs.
Methods: a critical size defect in the tibial metaphysis
of  16 mini-pigs was filled either with autologous can-
cellous graft or with micro- and macroporous carbon-
ated, apatic calcium phosphate granules (cPg) pro-
duced from a calcium phosphate self-setting cement
powder. after 6 weeks, the specimens were assessed by
X-ray and histological evaluation. The amount of  new
bone formation was analysed histomorphometrically. 
Results: The semi-quantitative analysis of  the radio-
logical results showed a complete osseous bridging of
the defect in three cases for the autograft group. In
the same group five animals showed a beginning, but
still incomplete bridging of  the defect, whereas in the
cPg group just two animals developed this. all other
animals of  the cPg group showed only a still discon-
tinuous new bone formation. altogether, radiological-
ly a better osseous bridging was observed in the auto-
graft group compared to the cPg group.

Histomorphometrical analysis after six weeks of
healing revealed that the area of  new bone was signifi-
cantly greater in the autograft group concerning the
central area of  the defect zone (p<0.001) as well as the
cortical defect zone (p<0.002). all defects showed
new bone formation, but only in the autograft group
defects regenerated entirely
Conclusions: Within the limits of  the present study it
could be demonstrated that autologous cancellous
grafts lead to a significantly better bone regeneration
compared to the application of  calcium phosphate
granules (cPg) produced from a calcium phosphate
self-setting cement powder after 6 weeks. In the early
phase of  bone-healing, the sole application of  cPg
appears to be inferior to the autologous cancellous

grafts in an in vivo critical size defect on load-bearing
long bones of  mini-pigs.
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InTRodUcTIon

Bone grafting is a vital component in many surgical
procedures to facilitate the repair of  bone defects or
fusions [1, 2]. autologous bone grafts are considered
the gold standard in bone repair and regeneration, be-
cause of  their osteogenicity, osteoinductivity and os-
teoconduction [3, 4]. However, the harvesting proce-
dure requires a second surgical site, at which complica-
tions have been reported [3]. furthermore, the quanti-
ty of  bone graft is limited [5, 6]. for this reason a large
number of  artificial bone-substitute materials have
been developed over the past few years in order to re-
duce the need to use an autograft or even go so far as
to replace it [7, 8, 9]. The most frequent type are syn-
thetic and biodegradable materials based on calcium-
phosphate (caP) such as b-tricalcium phosphates (b-
TcP) or calcium-deficient hydroxyapatite (cdHa) in
the form of  ceramics or cements which, however, are
primarily only of  an osteoconductive nature [10]. at
the same time, a distinction is made along the lines of
the setting procedure between ceramics (sintering) and
cements (sedimentation). after mixing in powder, the
caP cements can be applied directly as a paste which
then sets in the defect at body temperature [11]. Vari-
ous sintering steps are performed on ceramics at high
temperatures in the production process, on the other
hand, and ceramics generally are not degradable, or
only decompose over very long periods of  time [11].
In the search for biologically degradable substances,
caP cements have enjoyed growing popularity [12, 13,
14, 15]. In addition to the biological degradation
through osteoclastic resorption, these offer in addition
a biocompatibility which is more bone-specific, thus
constituting an alternative to the ceramic bone-substi-
tute materials used to date [12, 14, 15]. 

ceramic implants cannot be shaped intraoperatively,
which means that they can only be worked into differ-
ent forms to a limited extent [16, 17]. They moreover
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usually exhibit poorer mechanical properties [14, 17].
The shape of  bone-substitute materials in addition has
a sizeable impact on how they are worked. Thus, sev-
eral experimental and clinical studies have shown that
calcium-phosphate-based bone-substitute materials in
the form of  granules are particularly easy to work [1,
17, 18]. granular calcium phosphate materials have
well established biocompatibility and osteoconductivi-
ty [17]. However, nearly all of  the granular calcium
phosphate materials that have been evaluated so far
are of  ceramic nature, because in the past granules
from caP could only be obtained by sintering [15, 17].
now using appropriate techniques granules can be
made from caP cements with very high surface areas
that might be potent drug carriers or biologically very
reactive [14, 15, 16]. In spite of  the many positive fea-
tures of  caP cements, there have only been a few in
vivo studies in which these have been used in the form
of  granules to date [12, 14, 16, 19, 20]. 

consequently, an examination of  the progress of
bone regeneration and material degradation of  micro-
and macroporous (50-550 µm pores) carbonated, apat-
ic calcium phosphate granules (cPg) (2 to 4 mm in
size) produced from a calcium phosphate self-setting
cement powder compared to the use of  autologous
bone grafting in the treatment of  “critical size de-
fects” on load-bearing long bones of  mini-pigs was
the subject of  this study. 

MaTERIal and METHods

anIMals

sixteen female goettinger mini-pigs (aged 18-30
months, weight 25-35 kg) were used in this study. ani-
mal selection, management and surgery protocol were
approved by the animal care and Use committee of
the Heinrich Heine University and Bezirksregierung
duesseldorf  (animal permit 50.05-230-78/06). The
experimental segment of  the study started after an
adaptation period of  two weeks. 

sTUdy dEsIgn and sURgIcal PRocEdURE

The animals were randomized into the cPg and the
autograft group. Each group consisted of  8 mini-pigs.
according to Wheeler et al. [21] in all animals an 11
mm cylindrical defect from medial to lateral to a depth
of  25 mm at the right proximal tibia without lateral
cortical penetration was surgically created using a can-
nulated reamer (aesculap ag & co. Kg, Tuttlingen,
germany). In one group the defect was filled with mi-
cro- and macro-porous (50-550 µm pores) carbonated,
apatic calcium phosphate granules (cPg) (2 to 4 mm
in size) produced from a calcium phosphate self-set-
ting cement powder (calcibon® granules, Biomet
deutschland gmbH, Berlin, germany). In the other
group the defect was filled with an autologous cancel-
lous graft. In all cases the animals were permitted to
walk under full weight bearing immediately after
surgery. none of  them suffered from a tibial fracture
or had to be sacrificed ahead of  schedule. 

all animals were starved for a minimum of  12 h be-
fore surgery. antibiotic preparation was given once to
each animal in a perioperative way as single shot of  3.3

ml lincomycin (lincomycin 20%, WdT, garbsen,
germany). after intramuscular sedation with 0.5
mg/kg atropin (atropinsulfat, B Braun, Melsungen,
germany), 5 mg/kg azaperon (/stresnil®, Janssen-
cilag gmbH, neuss, germany) and 10 mg/kg Keta-
min (Ketavet®, Pharmacia gmbH, Karlsruhe, ger-
many), anaesthesia was initiated using 0.5 g Thiopental
(Inresa arzneimittel gmbH, freiburg, germany). for
all surgical procedures, inhalation anaesthesia was per-
formed by use of  oxygen and nitrous oxide and isoflu-
rane. To maintain hydration and cardiac protection, all
animals received a constant rate infusion of  5% glu-
cose´s solution (delta-select, Pfullingen, germany)
combined with 10 ml Inzolen (Koehler chemie
gmbH, alsbach-Hähnlein, germany) and 5 ml lido-
cain 2% (lidocain-Hcl, B. Braun, Melsungen, ger-
many) while anaesthetized. Intraoperative analgesia
was performed by intravenous injection of  0.4 mg/kg
Piritramid (dipidolor®, Janssen-cilag gmbH, neuss,
germany) and 4.5 mg/kg carprofene (Rimadyl®,
Pfitzer Pharma gmbH, Karlsruhe, germany). for
postoperative treatment, piritramid and carprofene
were applied subcutaneously for 3 days at the same
dose. additionally, prophylactic administration of  lin-
comycin (3.3 ml lincomycin 20%, WdT, garbsen,
germany) was performed postoperatively for 3 days. 

all surgical procedures took place under aseptic
conditions and were performed by the same experi-
enced surgeon. In the autograft group the left iliac
crest was shaved, disinfected by cutasept® (Bode,
Hamburg, germany) and sterilely draped. an incision
was made over the left iliac crest and sharp dissection
was used to expose the bone. a Kirschner wire (K-
wire) was inserted in the iliac crest. The cancellous
graft was harvested from the iliac crest using the same
cannulated reamer of  11-mm caliber. The donor site
was packed with gauze sponges until bleeding was
controlled and the incision closed in layers.

In both groups the right limb, distal to mid-thigh
was shaved, desinfected by cutasept® (Bode, Ham-
burg, germany) and sterilely draped. The right proxi-
mal tibia was exposed using a medial approach and soft
tissue was reflected. The joint surface and the anterior
and most posterior extent of  the tibial plateau were
identified. a Kirschner-wire (K-wire) was inserted 10
mm distal to the joint line and 12 mm anterior to the
most posterior aspect of  the tibia. an 11 mm cylindri-
cal defect was created using the aforementioned cannu-
lated reamer, drilling from medial to lateral to a depth
of  25 mm without lateral cortical penetration. The de-
fect was rinsed copiously with saline and packed with
gauze to control bleeding. The defect was filled with
the appropriate graft material and the graft gently com-
pressed with a bone tamp. In the autograft group the
size of  the harvested graft was almost identical to the
proximal tibial defect we created. In all cases the
amount of  cancellous graft was adequate to fill the de-
fect. In the cPg group the amount of  cPg reflected
the size of  the defect and was adequate to fill the de-
fect in all cases. soft tissues were closed in layers.

In preliminary experiments the same defect was
created in the proximal tibia of  four minipigs without
any additional filling material. all four animals had to
be sacrificed prematurely due to a proximal tibia frac-
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ture between the first and third postoperative day. for
this reason the defect model in question fulfils the cri-
teria of  a critical size defect. In order to avoid the loss
of  further animals and due to ethical reasons this
study does without a control group lacking grafting
material.

folloW UP and sacRIfIcEs

Postoperatively, the animals were housed in individual
pens. In all cases the animals were permitted to walk
immediately after surgery. Body temperature, body
weight and general conditions were examined until
completed wound healing. after 6 weeks animals were
sacrificed by overdose of  sodium pentobarbital 3%
(Eutha 77, Essex Pharma gmbH, München, ger-
many). The proximal tibia was dissected from the dis-
tal femoral shaft to the proximal tibial shaft and the
soft tissues removed. all specimens were fixed in 10%
neutral buffered formalin solution for 14 days. 

RadIologIcal EValUaTIon

conventional X-rays in two planes were obtained on
the explanted tibial bones after 6 weeks (Heliodent
ds, sirona dental systems gmbH, Bensheim, ger-
many). all X-rays were evaluated by a sole experienced
radiologist masked to the specific experimental condi-
tions. according to sarkar et al. [22] the degree of  new
bone formation was estimated using a semi-quantita-
tive score from 0 (no mineralized bone) up to at best 4
(complete bridging of  the defect with mineralized
bone). The other score values were defined as follows:
few and isolated centers of  ossification (1); more, but
still discontinuous new bone formation (2); beginning,
but incomplete bridging of  the defect (3). 

HIsTologIcal PREPaRaTIon

The specimens were dehydrated using ascending
grades of  alcohol and xylene, infiltrated, and embed-
ded in methylmethacrylate (Technovit 9100 nEU,
Heraeus Kulzer, Wehrheim, germany) for non-decal-
cified sectioning. during this procedure, any negative
influence of  polymerisation heat was avoided by per-
forming controlled polymerization in a cold atmos-
phere (-4 °c). after 20 h the specimens were com-
pletely polymerized. Each specimen was cut in the axi-
al direction using a diamond wire saw (Exakt®, appa-
ratebau, norderstedt, germany). serial sections were
prepared from the central parts of  the defect areas, re-
sulting in three sections each of  approximately 320 µm
thickness [23,24]. all specimens were glued with
acrylic cement (Technovit 7210 Vlc, Heraeus Kulzer)
to oversize plastic slides (size: 50 x 100 x 2mm, dia-
Plus, Walter Messner gmbH, oststeinbeck, germany)
and ground to a final thickness of  approximately 60
µm. all the sections were scheduled for histomorpho-
metric analysis and stained with toluidine blue. 

HIsToMoRPHoMETRIcal analysIs

Histomorphometrical analyses as well as microscopic
observations were performed by one experienced in-

vestigator masked to the specific experimental condi-
tions. for image acquisition a colour ccd camera
(colour View III, olympus, Hamburg, germany) was
mounted on a binocular light microscope (olympus
sZ 61, olympus). digital images (original magnifica-
tion X 6.7) were evaluated using a software program
(cell d, olympus gmbH, Hamburg, germany). 
The quantitative analysis of  new bone formation (area
of  new-bone formation in µm2 and percentage of  to-
tal new-bone formation) was measured histomorpho-
metrically in two predefined regions of  interest. one
was positioned in the cortical defect zone and the
other one in the central area of  the defect zone (fig.
1.). Three sections were evaluated for each bone de-
fect. additionally, the amount of  osseous bridging in
the cortical defect zone as well as the osseous bridg-
ing in the central area of  the defect zone were evalu-
ated under standard light microscopy (original magni-
fication x 20) using a semiquantitative score from 0
(no bridging), 1 (incomplete bridging) up to at best 2
(complete bridging of  the defect with mineralized
bone). 

sTaTIsTIcal analysIs

The statistical analysis was performed using a com-
mercially available software program (sPss 17.0, sPss
Inc., chicago, Il, Usa). Mean values and standard de-
viations were calculated for each group. for the statis-
tical comparisons between groups, the unpaired t-test
was used. significance was defined as a p value <0.05. 

REsUlTs

The postoperative healing was uneventful in all pigs.
no complications such as allergic reactions, abscesses
or infections were observed throughout the study 
period.

RadIologIcal EValUaTIon

Evaluating the X-rays areas of  mineralization were vis-
ible after 6 weeks in all defects of  the autograft group
as well as the cPg group. complete osseous bridging
(score = 4) was observed in three mini-pigs of  the au-
tograft group. In the same group five animals showed
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Fig. 1. scheme of a histological slide with the bone defect in
the proximal tibia. The quantitative analysis of new bone for-
mation was measured histomorphometrically in two regions
of interest. 1. the cortical defect zone (size: 1500 x 7000 pix-
els) 2. the central defect zone (size: 3000 x 7000 pixels)



a beginning, but still incomplete bridging of  the de-
fect, whereas in the cPg group just two animals de-
veloped this (score = 3). all other animals of  the cPg
group showed only a still discontinuous new bone for-
mation (score = 2) (fig. 2.). altogether, radiologically

a better osseous bridging was observed in the auto-
graft group compared to the cPg group.

HIsTologIcal REsUlTs

Histomorphometrical analysis after six weeks of  heal-
ing revealed that the area of  new bone was signifi-
cantly greater in the autograft group concerning the
central area of  the defect zone (p<0.001) as well as
the cortical defect zone (p<0.002) (fig. 3.). all defects
showed new bone formation, but only in the auto-
graft group defects regenerated entirely (fig. 4.). oc-
casionally, in the cPg group calcium phosphate gran-
ules were embedded in newly formed bone. Evidently,
in these cases the newly formed bone was guided over
the surfaces of  the granules. overall, only in small
isolated areas of  the defects within the granules newly
formed bone infiltrated its´ pores (fig. 5.). In general,
the histological findings were in accordance with the
results of  the histomorphometrical analysis and the
X-rays. There was regular bone healing in all animals
of  both groups. The sections stained with toluidine
blue showed a physiological bone remodelling in all
specimens. The presence of  multinucleated giant
cells/macro phages was more prominent in the auto-
graft group. at the margins of  the central area of  the
defect zone both resorption and new bone formation
could be observed more intensively in the autograft
group and stronger remodelling was seen in the ad-
joining cortical bone. The autograft group was superi-
or to the cPg group even in the semiquantitative as-
sessment of  the osseous bridging in both observed
areas of  the defect (fig. 6.). no inflammatory reaction
was found in relation to any of  the grafting materials.

dIscUssIon

The findings of  this study indicate that the results of
the bone regeneration of  metaphyseal defects on mini-
pigs after 6 weeks with only cPg being used were in-
ferior to the results produced by autologous cancel-
lous grafting. In this context, the semi-quantitative
analysis of  the radiological results of  the metaphyseal
defects to the proximal tibia of  the mini-pigs after six
weeks showed a complete osseous bridging of  the de-
fect in three cases for the autograft group. In the same
group five animals showed a beginning, but still in-
complete bridging of  the defect. In the cPg group,
however, just two animals developed a beginning, but
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Fig. 2. semiquantitative radiological evaluation. a) X-rays of
the defect area showing a complete osseous bridging (score
= 4), applying autograft from the iliac crest. b) X-rays of the
defect area showing a still discontinuous new bone formation
(score = 2), applying calcium phosphate granules.

a

b

Method cortical defect zone central defect zone
area of newly formed bone / total area of newly formed bone / total 

defect area [%] defect area [%]

autograft mean 39.3 37.5
standard deviation 7.4 7.9

cPg mean 24.7 9.8
standard deviation 7.6 8.6

Fig. 3. Histomorphometrical analysis of the area of new bone in relation to the total defect area concerning the central as well as
the cortical defect zone. In both defect zones the area of new bone was significantly higher in the autograft group (central area of
the defect zone: p<0.001 autograft group versus cPg group, cortical defect zone: p<0.002 autograft group versus cPg group).



still incomplete bridging of  the defect. all other ani-
mals of  the cPg group showed only a still discontinu-
ous new bone formation. altogether, radiologically a
better osseous bridging was observed in the autograft
group compared to the cPg group after 6 weeks.

These findings were supported by the histomorpho-
metrical data. Here, a significantly superior formation
of  new bone was found both in the central and in the
cortical defect zone in the autograft group. further-
more, the autograft group was superior to the cPg
group even in the semiquantitative assessment of  the
osseous bridging in both observed areas of  the defect. 

caP ceramics have been used successfully for meta-
physeal bone defects in many instances as a possible
alternative to cancellous grafting [3, 21, 25, 26, 27]. In
comparison to caP ceramics, on the other hand, caP
cements possess several advantages such as, for exam-
ple, a larger specific surface area, better biological
degradability through osteoclastic resorption and a
more specific biocompatibility [14, 15]. nevertheless,
within the framework of  our study, we were not able
to establish results which were as good as those pro-
duced by caP ceramics with calcium phosphate gran-
ules (cPg) produced from a calcium phosphate self-
setting cement powder in the early phase of  defect
healing in the filling of  bone defects on load-bearing
long bones, although the literature results relating to
caP ceramics are based on long-term observations.

Wheeler et al. were able to demonstrate a signifi-
cantly higher formation rate of  new bone in an animal
study on goats using b-TcP ceramics in particle form
in a metaphyseal critical-size defect on the proximal
tibia, which is very similar to our defect model, in com-
parison to the autograft group. However, these follow-
up examinations were only performed 3 months later
here [21]. Using a histomorphometrical assessment
comparable with the method we used, the authors
demonstrated a bone regeneration of  24% in the cen-
tral defect zone, while approximately 15% of  bone re-
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Fig. 6. semiquantitative analysis of osseous bridging. a: semi-
quantitative analysis of the cortical defect zone, b: semiquan-
titative analysis of the central defect zone.

Fig. 5. Histological sections of the cPg group 6 weeks after
surgery (original magnification X 20). only some of the calci-
um phosphate granules are embedded in newly formed bone.

a

b

Fig. 4. Histological sections of the autograft and cPg group
6 weeks after surgery (original magnification X 6.7). four de-
fects of the autograft group (a) regenerated entirely. a: auto-
graft group, b: cPg group.

a

b



generated in the same region in the autograft group
[21]. In comparison to this, we were able to demon-
strate in our study that there was a significantly greater
bone formation in comparison to the cPg group both
in the central (37.5%:9.8%) as well as in the cortical de-
fect zone (39.3%:24.7%) after 6 weeks in the autograft
group. In contrast to Wheeler et al., mini-pigs were de-
liberately used as the laboratory animal in our study
with a comparable defect model, as their new bone for-
mation rate of  1.2-1.5 mm/day is almost identical to
the reparative osseous capacities of  humans [28]. 

In animal studies, lange et al. arrived at similar re-
sults as Wheeler et al. after filling in a metaphyseal tib-
ial defect on a mini-pig with TcP ceramic particles
[25]. These authors demonstrated 13% newly formed
bone in the central defect zone in the autograft group
and 32% newly formed bone in the TcP group [25].
This evaluation was only performed 9 months later,
however, and thus like in the case of  Wheeler et al.
much later than in our study. 

The primary cement-powder, and hence the input
material for the caP granules under examination here,
has already been successfully used in animal studies as
well as in clinical studies, and have been described as
biocompatible and osteoconductive and an alternative
to autograft [18, 29]. Very little data has been pub-
lished to date on the use of  this cement in the form of
granules for critical-size defects [19, 20, 29]. accord-
ing to Bohner and Baumgart, the in vivo resorption
rate of  porous granules can be predicted to be much
faster than in dense blocks or prismatic objects made
out of  the same material [30]. It should be noted,
however, that direct comparisons of  TcP-ceramics in
granular form have not been well reported, either [1].
Walsh et al. evaluated bone formation and implant re-
sorption of  three TcP-ceramic bone graft substitutes
of  similar chemistry but different porosity in granular
form in a standardized tibial defect model in rabbits
[1]. The authors were able to demonstrate, that all
three scaffolds were osteoconductive and supported
new bone formation while implant resorption with
time differed between materials [1]. The scaffold with
the greatest porosity (90%) and the largest pore size
(1-1000µm) resorbed faster than the other materials
(porosities of  75%, pore sizes of  100-400µm) [1].
Hence, implant porosity and pore structure seem to
play an important role in the in vivo resorption and
new bone ingrowth [1, 14, 16]. This is also confirmed
by other authors, interconnections or pathways be-
tween the pores are also vital for new bone integration
into the material [31, 32, 33]. In comparison to the
TcP ceramics used by Walsh et al., the caP granules
used in our study exhibited both a lower porosity
(50%) and pore sizes (50-550 µm). This could serve as
an explanation for the lower new bone-formation rate.
This was also the impression gained in our histological
examinations. Here, occasionally, in the cPg group
caP granules were embedded in newly formed bone.
Evidently, in these cases the newly formed bone was
guided over the surfaces of  the granules. overall, only
in small isolated areas of  the defects within the gran-
ules newly formed bone infiltrated its´ pores. It was
probably the case that the lower porosity and pore size
prevented a greater migration of  cells such as e.g. os-

teoclasts and osteoblasts into the granules and thus a
further bony in-growth within the three-dimensional
geometry of  the scaffold. The reason for this is that in
comparison to sintered caP materials, two unique fea-
tures are actually attributed to caP cement granules in
particular [14]. firstly, apatite cPcs are nanocrystalline
and hence have a very high specific surface area [14].
Values as high as 100 m2/g can be reached [14]. By
comparison, sintered ceramics have surface areas close
to or below 1 m2/g [14,17]. secondly, cPc-granules
consist of  low temperature calcium phosphates such
as dicalcium phosphate dehydrate or precipitated ap-
atite. These hydrated compounds can all be found in
the body, contrary to traditional bone substitute ce-
ramics such as sintered hydroxylapatite, b-tricalcium
phosphate and biphasic calcium phosphates [14].
There have, however, so far only been a limited num-
ber of  clinical and experimental studies conducted to
test the feasibility of  these caP cement-granules,
which are moreover difficult to compare with our ani-
mal model. In vitro cell culture tests [34, 35, 36] and
only few in vivo implantations have been performed
[19, 20]. However, there is presently no in vivo study
clearly demonstrating differences in performance be-
tween caP cement-granules and sintered ceramic
granules [14]. There is also no study linking the sur-
face properties of  caP-cement -granules and their in
vivo performance [14]. caP cement granules could of-
fer a crucial advantage here in particular: due to their
high specific surface area. caP cement -granules have
a large potential as drug carriers or drug delivery sys-
tem [14]. new trends in this connection are the in-
creasing use of  bone-substitute materials in combina-
tion with innovative substances such as, for example,
platelet-rich plasma (PRP) and/or mesenchymal stem
cells [6, 22, 37, 38, 39, 40, 41]. Kasten et al. demon-
strated that bone substitutes with high specific surface
areas cause more extensive and longer absorption of
the PRP which leads to the infiltration of  new bone
deep within and not just on the outer surface of  the
materials [6, 39, 40]. Moreover, Tas et al. demonstrat-
ed that the same calcium phosphate granules as we
used in our study are able to almost fully absorb cit-
rated blood or fluid PRP prior to their implantation,
which is based on a high wicking ability of  the gran-
ules [12]. 

Even if  within the limitations of  this study the
bony healing results produced by the exclusive use of
cPg in the case of  metaphyseal defects on mini-pigs
were inferior to autologous cancellous grafting, this
bone-substitute material holds out considerable poten-
tial as a satisfactory drug delivery system as a result of
its high specific surface area. The additional use of  in-
novative substances such as, for example, platelet-rich
plasma (PRP) and/or autologous mesenchymal stem
cells (Msc) should in this context serve as the starting
point for additional studies. 
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