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Abstract
There is a discrepancy of up to 10 months on the data concerning rate of resorption and bone 

tissue replacement of osteoplastic materials based on β-tricalcium phosphate after implantation 
in predominantly cancellous bone. The aim of the work was the study of dynamics and biodegra-
dation rate of osteoplastic material “Calc-i-oss®”, its integration with the bone of the femoral 
shaft and the determination of its density in Hounsfield units. Implantation of osteoplastic mate-
rial “Calc-i-oss®” was performed in the femoral shaft defect of a rat of 8 months of age, followed 
by computer-tomographic analysis of its healing on the 15th, 30th, 60th and 120th days. 

The study showed no evidence in parent bone loss throughout duration of the experiment, and 
no “Calc-i-oss®” resorption signs providing high-density of the defect (2044.8 ± 43 HU) on the 
15th day of the experiment, which is higher than the density of the parent bone (1656.1 ± 33 HU). 
On the 30th day there appear and grow signs of “Calc-i-oss®” granules resorption, new forma-
tions, bone tissue maturation and integration. On the 120th day there is an equalization of defect 
(1837.3 ± 53 HU) and maternal bone (1828.5 ± 38 HU) density indices, the form of cortical layer 
of the bone recovers, but remnants of “Calc-i-oss®” granules remain in the medullary canal, the 
density of which is comparable to soft tissues. 

Equalization of absolute densities of the implantation site osteoplastic material and maternal 
bone due to resorption of “Calc-i-oss®” and new formations of bone leads to the fact that the rela-
tive optical density of intermediate part of regenerate reaches 100% on the last observation period, 
which, according to densitometric study can be estimated as the full restoration of the integrity of 
the bone.

The drug “Calc-i-oss®” has high biocompatibility, good integration with the hip bone tissue and 
ability of almost complete resorption with simultaneous replacement of bone tissue within 4 months.
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introduction

It is known that the main issues that affect cal-
cium phosphate osteoplastic materials are their 
safety, biocompatibility, as well as the dynamics 
and rate of resorption and replacement of newly 
formed bone at the implant site. The drug “Calc-i-
oss®” according to the scientific and promotional 
information is characterized by high biocompati-

bility and demonstrates good integration with the 
bone tissue and ability to complete resorption after 
a period of 5 to 15 months [Schugg J. et al., 2002; 
Ruffieux K., 2012]. In the majority of studies on 
the resorption and replacement with newly formed 
bone tissue of β-tricalcium phosphate based drugs, 
firstly, the results of histological, morphometric 
and single X-ray studies of trabecular bone are 
presented, and secondly, relatively high discrepan-
cies in the data are found [Galois L. et al., 2000; 
Muschik M. et al., 2001; Zerbo I. et al., 2001; 
Reichhardt D., Ruffieux K., 2004; Choi S. et al., 
2014]. For such parameter like resorption of “Calc-
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i-oss®” discrepancy in 10 months is probably due 
to the factors such as size of the defect, geometric 
shape and size of osteoplastic material that is im-
planted into its cavity, as well as regeneration po-
tential of bone tissue etc. [Stoll T., 2004; Thi T. et 
al., 2004]. All this suggests that more predictable 
characterization of specificity, rate of bone tissue 
growth and resorption of osteoplastic material re-
quires experimental models of bone defects, on 
which osteoplastic materials that optimize repara-
tive osteogenesis can be studied and compared 
with each other under standard conditions using 
different research methods.

Proceeding from the aforesaid, the purpose of our 
work is to investigate the compact substance (diaphy-
sis) in femurs of rats (of the same age and mass) after 
implantation of osteoplastic material “Calc-i-oss®” in 
their defect, to study dynamics (visually, in real time), 
rate of biodegradation, integration with bone tissue, 
as well as density of defect adjacent maternal bone, 
and to assess the expressiveness of postoperative 
complications (if any occur) using computed tomog-
raphy, as one of the informative methods. Subsequent 
comparisons with other osteoplastic materials are 
planned in future works.

MaterialS and MethodS

Experiment was conducted on 30 white male 
8-month-aged lab rats with a mass of 250 ± 10 
grams in compliance with the approval of the Insti-
tutional Bioethics Committee in accordance with 
the principles of the Guide for the Care and Use of 
Laboratory Animals issued by USNIH (№ 85-23, 
revised in 1985). Under ketamine (25 mg/kg) anes-
thesia a defect to the medullary canal with diameter 
of 2.5 mm was created in the middle third of the 
femoral shaft using a portable spherical cutter drill 
at low engine speeds and cooling. The defect was 
filled with osteoplastic material “Calc-i-oss®” (“De-
gradable Solutions Dental”, Zurich, Switzerland) 
without rigid fixation. The latter is a pure synthetic 
β-tricalcium phosphate (β-phase purity >99%, Ca/P 
- 1.5), in the form of granules (1-1.6 μm), with a 
total porosity of 50% and a micropore size of 1 to 6 
microns. This latter allowed the granules of “Calc-i-
oss®” to soak before implantation the own blood of 
rats, taken from the tail vein, well.

Next, on the 15th, 30th, 60th and 120th days 
after the operation the animals were fixed on a 

table for four limbs belly down (like when apply-
ing the defect), and the research of injured femurs 
with osteoplastic material “Calc-i-oss®” implanted 
into the cavity of the defect was conducted by 16-
slice spiral computed tomography “TOSHIBA Ac-
tivion” (“Toshiba”, Japan). At the same time the 
fact, biodegradation rate of the implant and bone 
tissue, the expressivness of postoperative compli-
cations through the presence or absence of bone 
loss (depression, osteoporosis), adjacent to the site 
of “Calc-i-oss® implantation into the maternal 
bone were examined visually [Grigoryan A., 
Toporkova A., 2007]. Optical densities of the re-
generate with osteoplastic material and the adja-
cent cortical layer of maternal bone were measured 
in HU. To assess the difference of mentioned indi-
cators, relative optical density of the regenerate 
was determined by the formula:

RDR=
ADR

×100%,
ADMB

where RDR is the relative optical density of the 
regenerate (%); ADR is absolute optical density of 
the regenerate; ADMB is absolute optical density of 
maternal bone adjacent to the defect [Merkulov V. 
et al., 2009].

Derived digital values were statistically pro-
cessed calculating the arithmetic mean (M) and 
standard error (m). The significance of differences 
between the compared parameters was evaluated 
by Student t-test using the statistical computer pro-
gram MS Excel XP. Differences were considered 
significant at p<0.05 [Lapach S. et al., 2000].

reSultS

On the 15th day of computed tomography the 
defect region of the femur with the shadow of os-
teoplastic material granules of oval and round 
shape, smooth consistency can be well visualized, 
which fill the defect of cortical bone and part of 
the medullary canal (Fig. 1a). Moreover, the 
boundary between the parent bone and implant, the 
density of which is visually greater than the den-
sity of the parent bone, is clearly traced. On the 
30th day of the experiment the area of osteoplastic 
material implantation begins to merge with the 
parent bone in density, which has no signs of bone 
loss in this and in the previous period. The bound-
ary between the osteoplastic material and maternal 
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bone at the level of the bone cortical layer is less 
clearly seen than on the 15th day, and the implan-
tation site is determined by the rest of the osteo-
plastic material in the medullary canal and the 
strain in the outer cortical bone (Fig. 1b). 

Measurement of the optical density on the 15th 
day revealed that for the implantation site of osteo-
plastic material “Calc-i-oss®” it is 2044.8 ± 43 HU 
and for adjacent to the site of injury of the parent 
bone - 1656.1 ± 33 HU, and on the 30th day, it is 
reduced by 12.5% (p<0,05) in the first, and in-
creased by 5.82 % (p>0,05) in the second case, and 
1789.1±49 HU and 1752.6±51 HU respectively. In 
turn, the relative optical density of the implanta-
tion was 123.4% at the 15th day, and 102% on the 
30th day of the experiment.

On the 60th day, computer-tomographic study 
shows that in some cases contours of osteoplastic 
material granules still persist in the defect, a part of 
which is at the level of bone cortical layer, merging 
with the parent bone by density, and some - in the 
medullary canal (Fig. 1c). In other cases, recovery 
occurs in density and shape of the cortical layer 
bone at the level of osteoplastic material implanta-
tion with presence of a small area with reduced den-
sity in the central part, maintaining the rounded 
contours of “Calc-i-oss®” granules with signs of re-
sorption in the medullary canal (Fig. 1d). At that, 
rarefaction signs are not defined in the parent bone. 
In turn, optical density of the “Calc-i-oss®” osteo-
plastic material implantation site is 1622.5 ± 25 HU, 
and for a place adjacent to the parent bone injury is 

figure 1. Computed tomography of rat femurs after im-
plantation of “Calc-i-oss®”.

a - On the 15th day after implantation. Two granules of os-
teoplastic material in the cavity of the left femur defect.

b - On the 30th day after implantation. The left femur with 
a defect, which is filled with osteoplastic material.

c - Left femur of rat on the 60th day after implantation. 
Granules of osteoplastic material at the level of cor-
tical bone and medullary canal.

d - Right femur of rat on the 60th day after implanta-
tion. Restoration of cortical bone integrity with a 
small area of enlightenment in its central part and 
remnants of “Calc-i-oss®” granules in the medullary 
canal with signs of resorption.

e - On the 120th day after implantation. Restoration of the 
cortical layer in right and left femur with remnants of 
osteoplastic material in the medullary canal, the den-
sity of which is comparable to the soft tissues.

a
a

b

c

d

e
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1733.9 ± 65 HU, which is 10.26% (p<0,05) less in 
the first and almost unchanged in the second case. 
Calculation of the mentioned numbers of relative 
optical density in the implantation site showed that 
it is 93.5% (compared to 102% on the 30th day of 
the experiment), which is 8.3% less than on the 30th 
day of the experiment.

On the 120th day of the experiment there is a 
full restoration of the cortical layer of the femur 
that completely merges in density and shape with 
the parent bone. However, the implantation site of 
osteoplastic material still can be visualized through 
the remnants of osteoplastic material granules in 
the medullary canal, the density of which is now 
close to the soft tissues (Fig. 1e). 

Optical density measurements revealed that for 
the implantation site of osteoplastic material “Calc-
i-oss®” and adjacent to the site of injury parent bone 
it is 1837.3 ± 53 HU (vs. 1622.5 ± 25 HU on the 
60th day) (p<0,05) in the first and 1828.5 ± 38 HU 
(vs. 1733.9 ± 65 HU on the 60th day) - in the second 
case (p>0,05). These changes lead to an increase of 
the relative optical density in the implantation site 
up to 100.4% (vs. 93.5% on the 60th day).

diScuSSion

In the study of compact substance (diaphysis) 
on femurs of rats (of the same age and mass) after 
implantation of osteoplastic material “Calc-i-oss®” 
in the defect, using computer tomography, it was 
found that the latter has a high biocompatibility, as 
demonstrated by the absence of signs of rarefac-
tion of parent bone throughout the experiment. In 
the early stages of observation (the 15th day) the 
defect region is characterized by an extremely high 
density which exceeds the density of the parent 
bone and, as a consequence, the rate of the relative 
optical density of the regenerate becomes more 
than 100%. All this is due to the presence of high-
density osteoplastic material in the cavity of the 
femur defect, without any notable radiological 
signs of bone resorption, and its replacement by 
bone tissue. Beginning from the 30th day of the 
experiment there appear and grow on radiological 

signs of new formations, maturation of regenerate 
bone tissue, its integration with “Calc-i-oss®” with 
gradually growing signs of resorption. Smoothing 
of osteoplastic material contours, reduction of den-
sity in the area of implantation in comparison to 
15th day of the observation and its gradual equal-
ization with parent bone density are confirmations 
of the above mentioned. In their study Jensen S.S. 
and coauthors also observed a high biocompatibil-
ity, good integration of β-tricalcium phosphate 
with newly formed bone tissue and its almost com-
plete disappearance from the mandibular angle de-
fect in mini-pigs on the 60th day, where its number 
remained 0 to 5.1% (on average 2.5%), and 0 to 
2.5% (on average 0.8%) on the 180th day [Jensen 
S. et al., 2007]. At the same time Gotterbarm T. 
and coauthors observed the remnants of 
β-tricalcium phosphate (4.35%), even a year after 
implantation with collagen to the defect of the 
epiphysis in a tubular bone of mini-pigs [Gotter-
barm T. et al., 2014]. In our case, until 60th day of 
the experiment the contours of “Calc-i-oss®” gran-
ules are still well detected in the bone defect, and on 
the 120th day complete disappearance of the defect 
and restoration of cortical bone density and shape 
already occurs, but with preservation of residual 
granules of osteoplastic material in the medullary 
canal, which is comparable to the density of soft tis-
sue. Equalization of absolute densities of the im-
plantation site osteoplastic material and maternal 
bone due to resorption of “Calc-i-oss®” and new 
formations of bone leads to the fact that the relative 
optical density of intermediate part of regenerate 
reaches 100% on the last observation period, which, 
according to densitometric study can be estimated 
as the full restoration of the integrity of the bone.

Conclusion

Thus, this study confirms the high biocompati-
bility of the material “Calc-i-oss®”, its good inte-
gration with bone tissue of the femoral shaft and 
the ability of osteoplastic material to almost com-
plete resorption in 4 months.
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