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STUDY OF STRENGTH OF FUMERAL BONE OF RATS AFTER FILLING BONE TISSUE
DEFECTS WITH BONE CEMENT BASED ON TRICALCIUM PHOSPHATE

e-mail: karolina.krivoru@ gmail.com

There are bone defects that do not heal on their own, despite the ability of bone tissue to fully regenerate. These defects
occur due to degenerative-dystrophic diseases, injuries, resections of tumors and tumor-like formations, metastatic lesions, as a
result of the development of aseptic instability after primary arthroplasty. Autogenous material for transplantation is the most
acceptable, but its use depends on the quality of the bone. Allografts have compensated for the shortcomings of autografts, but the
risk of infection and ethical issues limit the use of this material. The group Il cement that we offer retains the properties of tricalcium
phosphate-based materials: high biocompatibility, osteoconductive and osteointegrative qualities, and, due to strengthening by HA
whiskers, it has higher strength and slower biodegradation time.

Key words: bioceramics, a-tricalcium phosphate, calcium phosphate cement, orthopedic surgery, bone regeneration.

B.A. ®iginenxo, K.C. Ilonnascska, O.J1. Kapnminceska, M.JO. Kapnincbkuii

AOCIIUKEHHA MINHOCTI CTET'HOBUX KICTOK HIYPIB IIICJIA 3AITOBHEHH S
AE®EKTIB KICTKOBOI TKAHUMHHA KICTKOBUM HEMEHTOM
HA OCHOBI TPUKAJIBIHIN®OCDATY

IcHyI0Th Ae(eKTH KICTKH, sIKi HE 3aroI0I0ThCS CAMOCTIHHO, HE3BKAIOYM Ha 3/IaTHICTh KiCTKOBOI TKAHWHHU [0 TIOBHOL
perenepauii. I{i medexkTH BHHHMKIM BHACIIOK JETeHEPaTHBHO-AUCTPO(IYHMX 3aXBOPIOBaHb, TPaBM, PE3EKUiH MyXJUH i
MYXJIMHONOAIOHMX yTBOPEHb, METACTATUYHUX YPaXKEeHb, Y PE3yJIbTaTi PO3BUTKY aCeNTHYHOI HECTaOIIbHOCTI MiCis MEPBUHHOTO
SHIONPOTEe3yBaHHs. AyTOr€HHHUI MaTepiai AJs TpaHCIUTaHTalii € HaiO1IbIIT NPUHHITHIM, ajie HOro BUKOPUCTAHHSI 3aJISKHUTh Bil
SIKOCTI KICTKU. AJTIOTPAHCIUIAHTaT! CKOMITCHCYBAIIM HEOJIKH Ay TOTPAHCIUIAHTATIB, ajie PH3HK iIHPEKIIHHOTO ypakeHHS i eTH4HI
[UTaHHS 0OMEXYIOTh 3aCTOCYBaHHs 11boro Marepiany. Llemenr II rpynu, sikuil IPONOHY€EMO MU, JIMIIKB Yy c00i XapaKTepUCTHKH,
110 IPUTAaMaHHI MaTepianaM Ha OCHOBI TpHKanbLilipocdaTy: BUCOKi 6i0CyMiCHI, OCTEOKOHIYKTHBHI i OCTEOIHTETPaTHBHI SIKOCTI,
Ta, 3a PaxyHOK 3MIIIHCHHS TiNKaMM TiJpOKCIallaTHTy OTPUMAaB BUIIY MIIHICTh, 1 OLTbIN MOBUTbHMI dac Oiomerpamamii. LIi
XapaKTEePUCTUKU SIK 4Yac MepeOy/l 0B IMIUIAHTOBAHOTO MaTepially Ta HOro BUTPHUBAIICTh IIPU HABAHTAXKCHHI, HANPAMY MAlOTh
BIUTHB Ha MOXKJIMBICTB 3/i/ICHCHHsI HABAaHTa)KCHHsI B OLIbII paHHIH micisonepawuiitHuii nepion.

KmiouoBi cioBa: OGiokepamiku, o-Tpukanbliiidocdar, xaiabuiii-pochaTHuil IIEMEHT, OPTONEAWYHI omeparii,
pereHeparis KiCTKH.

The study is an initiative.

The relevance of the study of osteoplastic materials is due to the occurrence of such bone defects
that do not heal on their own, despite the ability of bone tissue to fully regenerate. These include defects
caused by degenerative-dystrophic diseases, injuries, resections of tumors and tumor-like formations,
metastatic lesions, as well as in the case of aseptic instability after primary arthroplasty [1-3]. Autogenous
material for transplantation is the most suitable, mainly because it meets certain requirements: it contains
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osteogenic stem cells, has osteoinductive growth factors and plays the role of the osteoconductive matrix.
However, its use is limited by the amount of material, reduced bone quality of some dystrophic diseases,
additional injuries and the pain present in the donor site. [4, 5].

Allografts, having become available in the surgeon's arsenal, have partially compensated for the
shortcomings of autografts. However, antigenic properties, the risk of infection (viral diseases), ethical
issues limit the use of this material. Given that, allografts lose their osteoconductive and osteoinductive
properties while being manufactured, sterilized and stored, they cannot be considered the “gold standard”
[4]. Xenotransplants are characterized by a slowed-down reconstruction, compared to other bone materials
as well as by the risk of infections of viral origin (Kreutzfeldt-Jakob, etc.) [6, 7].

Synthetic materials, such as calcium-phosphate bioceramics, have high biocompatible,
osteoconductive and osteointegrative properties, and their composition is close to the bone matrix, which
causes the gradual replacement of bone tissue [8, 9]. In addition, the variety of forms in which bioceramics
(powder, granules, blocks of different porosity) are presented, expands the range of uses, even if defects of
different configurations are present [8]. Due to the difficulties for the surgeon in filling defects of irregular
shape, it has become important to create a material with osteoinductive and osteoconductive properties,
which is introduced into the cavity in a liquid state and which hardens quickly while meeting the required
strength values close to the bone. Unfortunately, the fragility and the low compressive strength of this
material, as well as the rather rapid biodegradation, limit its use. It is expected that the addition of certain
reinforcing impurities (in the form of HA whiskers) will significantly improve the mechanical properties
of cement, slow down its degradation. It is desirable that such particles have bioactive properties similar to
the quality of cement. A minor modification of the material can significantly change its properties, which
makes it necessary to study the experimental biological properties of the studied material.

The purpose of the study was to determine the strength limits of the femurs of rats after filling their
cavity defects with bone types of cement, based on a-tricalcium phosphate at different times after surgery.

Materials and methods. In the laboratory of the biomechanics of the State Institution “Sytenko
Institute of Spine and Joint Pathology at the National Academy of Medical Sciences of Ukraine”
experimental studies of the strength of the femurs of rats after filling the cavity defects with bone cement
were conducted at different times after surgery. The study was performed on 20 laboratory rats of the
population of the Institute of Spine and Joint Pathology (ISJP). A cavity defect in the proximal part of the
left femur was formed in all the rats with the dental boron. This defect was filled with bone cements based
on tricalcium phosphate (TCP). Two types of bone cements were used: o TCP was used for group I
(comprising 10 rats), and aTCP reinforced with hydroxylapatite (HA) whiskers were used for group II
(comprising the other 10 rats). Animals were removed from the experiment after 1 month and 3 months
after the surgery, 5 rats from each group.

The preparations of the operated and contralateral femurs of the laboratory animals were tested.
The preparations of the femurs were tested for strength under the vertical compressive load. The loading
scheme is shown in fig. 1.

Also, the study of compressive strength was performed on

samples of bone cement columns. In total, 5 samples of each type of

F cement were made. The samples were made cylindrical with the

diameter of 5 mm and with the length of 10 mm. According to the

results of tests of the cement samples, the strength limit was

calculated according to the formula [9]: where F is the magnitude of

the force at which the destruction of the sample we observed; S is the
cross-sectional area of the sample.

During the tests, the values of the compressive force that

/ provoked the destruction of the sample were recorded using the strain
gauge SBA-100L and a CAS recording device type CI-2001A.

The test results were processed using statistical methods. The

/ mean (M), standard deviation (SD) as well as the minimum and the

maximum values of the experimental data samples for cement

/ samples of different types and each of the groups of bone preparations

Fig. 1 Scheme of the experiment, F  of experimental animals were calculated. The comparison of the

— compressive force; D — dynamometer strength limits of the cement samples and the femoral preparations

was performed using one-dimensional analysis of variance (ANOVA) and a posteriori Duncan test. The
data processing was performed in the IBM SPSS Statistic 20.0 application package [11].
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Results of the study and their discussion. The first stage of the study was the one of the
compressive strength of dry samples of the bone cement. The cement samples were produced in the
laboratory in the manner similar to other experiments: the dry sample was mixed with the solidifying liquid
at the room temperature. To give the cement a shape suitable for the strength assessment experiment, it was
placed in insulin syringes and then removed. The results of the tests showed that the cement samples with
the addition of hydroxylapatite whiskers have statistically significantly higher strength (p=0.021), as
evidenced by the indicators of their strength limit — (15.41+£1.93) MPa against (10.57+£1.67) MPa of the
cement samples not reinforced with hydroxylapatite whiskers.

The clear idea of the o of the values of the compressive strength of the bone cement samples can
be obtained using the diagram shown in fig. 2.

25.00 The second stage of the work was
19.34 performed to test the strength of the

20.00 £ femoral preparations of the laboratory rats
15.00 %‘) 12.68 with bone defects, which is filled with the
% above-mentioned cements. The main

10.00 = parameters that characterize the suitability
500 |53 of the cement for practical use are the
’ cement setting time and the compression
0 strength. The CPC needs to set relatively
aTcp aTCP+HA slowly so that the surgeon has enough time

Whiskers to perform the implantation but at the same

Fig. 2 The diagram of the strength limit of the bone cement samples.  time it has to set quickly enough to prevent
the unjustified prolongation of the surgery. The setting time of TCP-based cement is usually several tens
of minutes.

According to the studies, a month after filling the bone defect with cement, the strength of the
operated bones is determined to be statistically significantly lower than intact bones in both groups. There
was no statistically significant difference between the groups depending on the type of the cement
(p=0.699), but the average value of the destructive force for the second group of drugs with cement mixed
with HA (204+40) H is slightly lower than for the cements without it (214+40) N.

In the diagram in fig.3 you can see the more detailed comparison of the magnitudes of the
destructive force due to which the destruction of the femurs of the laboratory animals a month after filling
bone defects with bone cements took place.

Three months after the surgery, there is a statistically significant difference (p=0.010) in the
strength of the intact and the operated bones in the first group of the cements. In the other group of animals,
the difference in strength between the intact and the operated bones is determined at the significance limit
(p=0.055). Similar to the study a month after the surgery, in terms of the type of the cement used, the
statistical significance of the strength was not detected in the groups of the preparations (p=0.932), but the
mean values of the destructive force are slightly higher in group I cements (230+£70) H against (226+70) H
in the second group.

To visually compare the magnitude of the destructive force at which the destruction of the femoral
preparations of the laboratory animals three months after filling the bone defects with bone cements took
place, a diagram was constructed, which is shown in fig. 4.

350.00 350.00
300.00 300.00
250.00 250.00
200.00 200.00
150.00 150.00
100.00 100.00
50.00 50.00
0.00 0.00

intact operated

intact operated
*aTCP TC
] *HTCP
*oTCP+HA whiskers
Fig. 3 Demonstrates the diagram of the values of the load at Fig. 4 Demonstrates the diagram of the values of the load at

which the destruction of the femurs of the laboratory animals a  which the destruction of the femurs of laboratory animals three months
month after filling bone defects with the bone cement took place. after filling bone defects with TCP-based cements took place.
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Table 1 shows the results of the comparative analysis of the changes in the strength of the
preparations of the femurs of rats, depending on the time period after the surgery.
Table 1
The evolution of changes in the strength of the preparations of the femurs of rats,
depending on the time period after the surgery.

Destructive force, H
Group duration -
intact operated
1 month 254447 214443
(M+£SE)
o'-Ca3(PO4)2 3 month 28657 230£70
" t=-0.968 t=-0.436
P p=0.361 p=0.674
1 month 246433 204+36
a’-Caz(PO4)2 (M4SE)
reinforced by HA 3 month 310+40 226+73
whiskers ¢ t=-2.764 t=-0.603
P p=0.025 p=0.563

The comparative analysis of the changes in the bone strength of the laboratory rats depending
on the time period after the surgery showed that three months after the surgery, the average strength
of both operated and intact bones increased, although the changes did not become statistically
significant.

The studies have shown that the initial strength of the dry form of the bone cement columns is
higher in the cement with the addition of HA whiskers, and is (15.41%£1.93) MPa compared to
(10.57£1.67) MPa of group I cement. This seems quite logical since the modulus of elasticity of HA
(110 MPa) is by three times higher than the one of tricalcium phosphate (33 MPa) [10]. With regard to
the strength of the operated bones, a statistically insignificant increase in the strength of intact bones can
be attributed to the age-related changes in the laboratory animals. The preparations of the operated limbs
at the first stage (1 month after surgery) are statistically significantly inferior to intact bones, but three
month after the difference loses statistical significance. This proves the fact that at this stage, in the area
where the defect of bone tissue was formed, a block appeared, whose properties are similar to bone
tissue, ie there reparative processes took place. The fact that the average values of the destructive force
for the femoral preparations of the defects filled with the cement from group I were slightly higher than
those of the cement from group II with admixtures of HA whiskers, given the greater initial strength of
the samples of cement II groups, although the difference was not statistically significant, it can be
assumed that this is due to the different rate of the resorption of the cement, and their replacement by
bone tissue. However, in order to confirm this assumption, we need to research the results of the
morphological studies.

In the State Institution “Institute of Pathology of the Spine and Joints named after prof. M.L
Sytenko of the National Academy of Medical Sciences of Ukraine” we investigated the above-mentioned
cement experimentally (a TCP and a TCP reinforced by HA whiskers) by testing the strength of the rat
bones. We conducted the test on two terms: the term of one month and the term of three months. This time
is sufficient to form an idea of the properties of the studied cement in the process of its degradation. From
these indicators, it is established that due to the addition of HA whiskers, the cement changes its properties
by increasing the load threshold, which is the expected result. While the materials with HA for bone
replacement have high compressive strength and very slow biodegradation: the formed block is observed
in radiography up to 10 years [1, 10], the lack of these important properties of the studied cement of group
II is observed. While TCF ceramics have the fastest resorption, according to research in dynamics, this
time is not sufficient to form a strong bone block [2, 9, 10]. The implantation of allografts in the dynamics
shows good results, due to the fact that they can provide structural support. Although they do not have
osteogenic properties, allografts eliminate several shortcomings of autogenous grafts, but they also have
the potential to transmit viruses and other infectious agents [8, 9].

This permits to give certain recommendations for the protocol of the treatment of patients with the
replacement of bone defects in the early post-operative period. The increase in strength in group II permits
to recommend a dosed load on the operated limb without correcting its value. According to the above-
mentioned results, it is established that for the period of one month after the surgery, the cement from the
II group has the strength indicators higher than the cement of the I group. Three months after the surgery,
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this difference is leveled between all the study groups. So we pointed to the reconstruction process and
filling the defect with bone tissue.

The studied cement from group II, with impurities of HA whiskers has the primary strength limit
(15.41+1.93) MPa, which is statistically significantly higher than the strenth limit of the cement from group
I (10.57£1.67) MPa. One month after filling the defects of bone tissue with cements based on TCF, the
strength of the operated bones is determined to be statistically significantly lower than the intact bones in
both groups. There was no statistically significant difference between the groups in terms of the type of
cement (p=0.699). Three months after the surgery, the strength of both operated and intact bones increased,
but the difference in strength of the intact and the operated bones is not statistically significant. Between
the groups of the preparations of the operated bones, in terms of the type of the cement used, the statistical
significance of strength was also not determined (p=0.932). From the above-mentioned list, we can
conclude that by reinforcing the cement by adding HA whiskers based on aTKP, we increase its strength
properties, and to some extent, we slow down the restructuring of the material implanted in the defect of
the bone tissue. TCP-based materials are well restructured, but biodegradation is too rapid to form a strong
block of bone-implanted material, and they have a fragile structure, which is extremely important for the
patient in the postoperative period in terms of the load on the operated limb.
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