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The aim of this study was to investigate the healing process of diaphyseal femoral bone defects of rats 
after implantation of osteoplastic material “easy-graftТМ CRYSTAL” in their cavity The dynamics of 
reparative osteogenesis was evaluated by computed tomography and optical bone density was ex-
pressed in Hounsfield units. Starting from the 30th day of the experiment, emergence and radiological 
signs of subsequent bone tissue growth, and the gradual disappearance of the defect with simultane-
ous increase of absolute and relative density of regenerate were found. At 15–30th day, we found a 
clear visualisation of the defect due to the prevalence of maternal bone optical density (1766.5±38 
HU and 1761.1±41 HU) over the optical density of the implantation site (1059.5±44 HU and 
1354.9±46 HU). On the 60th day the defect disappeared through as the absolute osteoplastic material 
density of the implantation site (1668.1±53 HU) approached that of the maternal bone (1788.8±29 
HU). On the 120th day of the experiment, the regenerate optical density (1883.5±28 HU) exceeded the 
absolute optical density of the maternal bone (1792.2±56 HU) with simultaneous absence of full re-
covery of the original shape of bone and rarefaction of the maternal bone throughout the term of the 
experiment.  

Key words: bone, computed tomography, Hounsfield units, osteoplastic material easy-
graftТМ CRYSTAL, reparative osteogenesis 

INTRODUCTION 

One of the most important problems that 
orthopaedic physicians face in their prac-
tice is bone defects regeneration. The high 
frequency of occurrence of bone defects 
dictate the need to find tools that would 
ensure their full recovery. Transplantation 
of bone tissue, which is used to combat 
this pathology has a long history and has 

achieved a considerable success. How-
ever, despite this, the used auto- and 
xenografts still have serious drawbacks. 
Thus, xenogeneic material has strong an-
tigenic activity, restructuring process is 
much slower compared to other osteoplas-
tic materials. In addition, when bone tis-
sue of animal origin is used, there is a risk 
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of transmission of infectious diseases. In 
turn, the use of bone autografts is greatly 
limited in the medical practice because of 
the additional injuries, failure to use them 
in case of large bone defects, prolongation 
of operation, the possibility of complica-
tions (fractures in the donor site, nerve 
damage, cosmetic defects, prolapse of 
bone defects), the inability of the work-
piece and preservation of autogenous 
plastic material. As a result, in recent 
years there has been a growing interest in 
calcium phosphate osteoplastic materials 
to replace bone tissue in the clinical prac-
tice. The similarity of their chemical 
structure with that of bone tissue and in-
ertness to biological tissues makes possi-
ble to widely use them to replace the lost 
bone tissue (Germanov et al., 2006). In 
addition, synthetic nature of calcium 
phosphate material guarantees safety in 
practice preventing the risk of infection, 
and clinical trials consistently demonstrate 
exceptional biocompatibility of the mate-
rials (Becker, 2006). 

It is known that to replace bone de-
fects tricalcium phosphate and hydroxya-
patite, which have different resorption in 
the area of implantation are most com-
monly used (Köhli, 2012). Physicians take 
into consideration this ability when using 
implants in each clinical situation. Thanks 
to the fact that tricalcium phosphate un-
dergoes resorption faster than hydroxya-
patite, it is possible to combine them in a 
biphasic osteoplastic medication in order 
to regulate the process of resorption in the 
area of implantation through the changes 
of the ratio of its components (Daculsi et 
al., 2003; LeGeros et al., 2003; Malard et 
al., 2005; Jensen et al., 2009). Today it is 
believed that the optimal ratio of hy-
droxyapatite and tricalcium phosphate as 
part of biphasic osteoplastic material is 
60% to 40% (Ruffieux & Kohli, 2011). 

One of these relatively new substances is 
easy-graftTM CRYSTAL, which was de-
veloped in Switzerland by the company 
Degradable Solutions AG. With the help 
of the study of β-tricalcium phosphate 
phase of the easy-graft product, it was 
found that after its implantation into the 
bone defect it undergoes resorption and 
replacement by the bone tissue during 6–7 
months (Glaser, 2009; Pavlenko et al., 
2012). At the same time advertising in-
formation and scientific and clinical stud-
ies indicate that biphasic osteoplastic 
easy-graftTM CRYSTAL preparation un-
dergoes a partial resorption mainly due to 
β-tricalcium phosphate, and hydroxyapa-
tite thus remains in the area of the defect 
for a longer period, ensuring prevention of 
atrophy and preservation of bone tissue 
volume (Zafiropoulos et al., 2007; Lan 
Levengood et al., 2010). However, these 
conclusions were made from histological 
studies on the jaws, flat and spongy bones, 
but there is no information on the impact 
of easy-graftTM CRYSTAL on healing of 
compact bone tissue defect (Cordaro et 
al., 2008; Froum et al., 2008; Lee et al., 
2008; Pavlenko et al., 2013). Despite the 
fact that pathoanatomical diagnosis was, is 
and probably will be the most accurate 
option, in the clinical practice a practitio-
ner does not always have a possibility to 
take a bone specimen for histological 
analysis. At the same time radiographic 
methods are very often used by orthopae-
dists and traumatologists for evaluation of 
the healing of fractures and bone defects. 
Of the latter, computed tomography is 
characterised by the highest level of accu-
racy achieved through obtaining layered 
images of different parts of bone that can-
not be done with conventional radiogra-
phy (Rathnayaka et al., 2011).  

The aim of this study was to investi-
gate the dynamics of reparative osteo-
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genesis, biodegradation, integration of  
easy-graftTM CRYSTAL into the defect of 
compact bone tissue (diaphysis) of femo-
ral bones by computed tomography. 

MATERIALS AND METHODS 

The experiment was performed on 24 
white laboratory male rats, 8 months of 
age, with a body weight of 250±10 g with 
the approval of the Institutional Bioethics 
Committee. The surgical intervention was 
performed under general ketamine anaes-
thesia (0.3–0.5 mL/kg) in aseptic condi-
tions. With the help of spherical cutter 
(diameter of 2.5 mm) at low speed and 
with cooling, a defect to the medullary 
channel was reproduced in femoral bone 
diaphyses, which were filled with osteo-
plastic material easy-graftTM CRYSTAL 
(Degradable Solutions AG, Switzerland 
reg. No 2008/03310) without rigid fixa-
tion. The preparation is produced as a 
syringe with granules and a vial with an 
organic solvent BioLinker®. The granules 
consist of 40% β-tricalcium phosphate and 

60% hydroxyapatite, and BioLinker® – of 
water and N-methyl-2-pyrrolidone (NMP). 
Each granule of the material (Fig. 1) is 
covered with thin (10 µm) polymer of 
polylactic and polyglycolic acid (PLGA), 
which is capable of resorption (Ruffieux 
& Kohli, 2011; Köhli, 2012).     

Before the injection of the material 
into the defect the granules were soaked in 
the BioLinker® liquid, which temporarily 
softened the outer shell of granules and 
provided their bonding. In this case the 
material gained a lamellar mass consis-
tency, which was easy to model in the 
shape of the defect. After injecting the 
material into the bone defect it was soaked 
with blood, which ensured the removal of 
BioLinker®, and the material began to 
harden within minutes. Thus, a stable po-
rous mass with microcells inside the gra-
nules the size from 1 to 10 µm and mac-
rocells between separate granules was 
formed. 

On the 15th, 30th, 60th and 120th day the 
animals were fixed on the preparation 
table at four limbs belly down and we 
research on femoral bones implanted with 

L=659 m

 
Fig. 1. Electron microscopy scan of a granule of the osteoplastic material easy-graft CRYSTAL  

with size of 659 µm. 
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easy-graftTM CRYSTAL was conducted 
on 16-section spiral computed tomograph 
Toshiba Activion (Toshiba, Japan) to in-
vestigate the dynamics of biodegradation 
of the implant, as well as expression of 
postoperative complications due to the 
presence or absence of rarefaction of ma-
ternal bone. The optical density of the 
regenerate with the implant and the adja-
cent cortical layer of the maternal bone 
was measured in Hounsfield units. To 
evaluate the difference of these indicators, 
we determined the relative optical density 
of the regenerate by the formula:  

%100
)(

)(


HUAODB

HUAODR
RODR  

where RODR – relative optical density 
of the regenerate (%); AODR – absolute 
optical density of the regenerate; AODB – 
absolute optical density of the area adja-
cent to the maternal bone defect. The re-
sulting digital values were processed sta-
tistically to calculate the arithmetic mean 

and its standard error. The significance of 
differences between comparable indica-
tors was evaluated using Student t-test 
using statistical computer programme MS 
Excel XP. The differences were consi-
dered significant at P <0.05. 

RESULTS  

On the 15th day computed tomography 
study demonstrated a well visualised area 
of the femoral bone defect with distinct 
edges of the maternal bone adjacent to the 
implantation site and no signs of rarefac-
tion. In the cavity of the defect and bone 
marrow space shadow of osteoplastic ma-
terial with a density (visually) signifi-
cantly lower than the maternal bone could 
be seen. Due to this in the computed to-
mogram we could clearly trace the boun-
dary between the edges of the defect and 
osteoplastic material that had a heteroge-
neous texture and oval shape (Fig. 2). 
Measurement of the optical density re-
vealed that for the site of implantation of 

 
Fig. 2. Computed tomography of the right rat femoral bone on the 15th day after the implantation  

of easy-graft CRYSTAL. Osteoplastic material with regenerate tissue-specific structure in the  
cavity of the cortical bone defect and medullary space (1). 
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osteoplastic material it was 1059.5±44 
HU, whereas for the maternal bone adja-
cent to the site of injury – 1766.5±38 HU. 
Hence, the relative optical density of the 
site of implantation with the above indica-
tors was 59.97% (Table 1). 

On the 30th day of the experiment 
computed tomography study found a re-
duction of the size of the defect compared 
to the previous period of observation. 
However, the area of the defect with the 
implanted osteoplastic material still appe-

ared of a lighter colour than the maternal 
bone (Fig. 3). Consequently, the boundary 
between them was still well traced, but 
less clearly than on the 15th day of the 
experiment. The maternal bone did not 
show signs of rarefaction, and the osteo-
plastic material with components of the 
regenerate did not have uniform consis-
tency with areas of enlightenment and 
eclipse. The optical density of the site of 
the defect increased to 27.88%, and for 
the adjacent maternal bone remained prac-

Table 1. Absolute and relative optical density of bone regenerate with osteoplastic material in rats 
(mean ± SEM; n=6) 
 

Post implantation day 
Measurement area 

15 30 60 120 

Absolute optical density of 
regenerate (HU) 

1059.5±44  1354.9±46  1668.1±53  1883.5±28  

Absolute optical density of 
maternal bone (HU) 

1766.5±38  1761.1±41  1788.8±29  1792.2±56  

Relative optical density of 
regenerate (%) 

59.97 76.93 93.25  105  

 
 

 
Fig. 3. Computed tomography of the rat femur on the 30th day after the implantation of easy-graft 
CRYSTAL. The defect of the cortical layer with osteoplastic material and tissue-specific structures 
of regenerate, whose density is visually lower than the edges of the adjacent maternal bone (1).   
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tically unchanged compared to the 15th  
day experiment (1354.9±46 HU and 
1761.1±41 HU respectively). Based on 
these indicators, the relative optical den-
sity of the implantation site of osteoplastic 
material also increased to 76.93% (vs 
59.97% on the 15th day of the experiment; 
Table 1). 

On the 60th day the CT scan exhibited 
a further reduction of the size of the defect 
compared to the 30th day of the experi-
ment. In some cases, in the central part of 
the defect there still remained a small area 
of low density compared to the surround-
ing maternal bone edges. In other cases, a 
visual process of merging in density of the 
site of the defect with the maternal bone 
and simultaneous presence of small holes 
in the outer layer of bone at the level of 
implantation of the osteoplastic material 
could be observed. In addition, in the me-
dullary canal there were remnants of os-
teoplastic material with considerable in 
size endosteal callus (Fig. 4). 

For the site of easy-graftTM CRYSTAL 
implantation, the optical density was 
1668.1±53 HU, and for the adjacent ma-
ternal bone – 1788.8±29 HU, which was 
by 23.11% more in the first and practi-
cally unchanged in the second case com-
pared to the 30th day of experiment (Table 
1). Due to the increased optical density, 
relative density of the osteoplastic mate-
rial at the implantation site was also in-
creased to 93.25 % (against 76.93 % on 
the 30th day of the experiment). 

On the 120th day of the experiment 
computed tomography found a complete 
restoration of the bone cortical layer at the 
level of the defect, whose density and 
shape merged with adjacent maternal 
bone. The only thing that revealed the 
place of the past trauma was the presence 
of residues of osteoplastic material in the 
medullary canal with significantly dense 
endosteal callus of round or oval shape 
(Fig. 5). The optical density of osteoplas-
tic material was 1883.5±28 HU at the 
implantation site, and for the adjacent 

 
Fig. 4. Computed tomography of the rat femur on the 60th day after the implantation of easy-graft 
CRYSTAL. Restored density on the site of defect with a slight indentation in the outer layer and 

endosteal callus with remnants of osteoplastic material in the medullary canal (1). 
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maternal bone – 1792.2±56 HU, i.e. by 
12.91% more than in the first and practi-
cally unchanged in the second case com-
pared to the 60th day of experiment (Table 
1). Due to the fact that optical density of 
osteoplastic material became greater than 
the density of the surrounding maternal 
bone, the relative optical density at the 
implantation site exceeded 100% and was 
105%. 

DISCUSSION 

The research by computed tomography of 
of femoral bone diaphyseal defects in rats 
after implantation of the osteoplastic ma-
terial easy-graftTM CRYSTAL established 
that the latter had a high biocompatibility, 
as evidenced by the absence of rarefaction 
of the maternal bone throughout the entire 
experiment. These results are consistent 
with the data of most researchers (Ruf-
fieux & Kohli, 2011; Pavlenko et al., 

2013; Schmidlin et al., 2013). Addition-
ally, the implanted easy-graftTM CRYS-
TAL granules were placed both in the 
defect area at the level of cortical bone 
and into the medullary canal during the 
study. By the 15th–30th day of the experi-
ment the absolute density of maternal 
bone edges (1766.5±38 HU and 1761.1± 
41 HU) was considerably greater than that 
of the implantation site (1059.5±44 HU 
and 1354.9±46 HU), which ensured its 
clear visualisation on CT scans. On the 
sixtieth day of the experiment there was 
no recovery of the geometric shape of the 
bone cortical layer, but disappearance of 
visualisation of defect area as its  absolute 
density (1668.1±53 HU) approached that 
of the maternal bone (1788.8±29 HU). All 
this indicates that the amount of bone re-
generate and the degree of its mineralisa-
tion were greater than in the previous 
terms of experiment. On the 120th day of 
the experiment the optical density of the 
regenerate even exceeded the absolute 

 

Fig. 5. Computed tomography of the rat femur on the 120th day after the implantation of easy-graft 
CRYSTAL. Restored shape and density of cortical layer of right (1) and left (2) femur with the pres-

ervation of endosteal callus with remnants of osteoplastic material. 
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optical density of the maternal bone that 
according to the densitometry study can 
be interpreted as full restoration of the 
integrity of the bone (Table 1).  

In experimental defects of the frontal 
and parietal bones of rabbits, Schmidlin et 
al. (2013) also observed growth of rege-
nerate bone tissue directly on the surface 
of easy-graftTM CRYSTAL granules, 
which were subjected to gradual resorp-
tion. However, the percentage of bone 
tissue on the 4th and 16th week after im-
plantation of easy-graft CRYSTAL was 
relatively small (20.16±5.27% and 
22.40±5.54%) and most importantly, 
without significant difference between 
them. According to the authors, one of the 
factors that could affect this is the low rate 
of resorption of osteoplastic material. The 
latter, according to Lindgren et al. (2010), 
may be due to the fact that the biphasic 
osteoplastic material undergoes resorption 
by β-tricalcium phosphate phase of the 
drug, whereas hydroxyapatite does not 
dissolve for a long time and keeps its oc-
cupied area. According to the results of 
this study the size of the defect site de-
creases  with each subsequent observation 
period and its absolute and relative den-
sity increased, indicating increased 
amount and mineralisation of the newly 
formed bone tissue of regenerate, which 
replaced osteoplastic material. On the 
120th day radiologically there was a com-
plete recovery of cortical bone, as evi-
denced by the absence of deformation on 
its outer surface, and levelling of the den-
sity with the maternal bone. However, in 
the last period of the experiment there was 
no complete restoration of the geometric 
shape of the bone, as endosteal callus with 
the remnants of osteoplastic material still 
remained in the medullary canal.  

In conclusion, the revealed CT ima-
ging dynamics of healing of the femoral 

bone defect showed a high biocompatibili-
ty of the polylactide-coated biphasic cal-
cium phosphate easy-graftTM CRYSTAL, 
its good integration with bone tissue, as 
well as the ability of the osteoplastic ma-
terial to undergo resorption within a pe-
riod of more than 4 months. 
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