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REPLACEMENT OF DEFECTS AFTER RESECTION OF BENIGN TUMORS
AND TUMOR-LIKE DISEASES OF TUBULAR BONES OF LIMBS BY
CERAMIC MATERIAL BASED ON BIOACTIVE GLASS

31 patients with tumors of bone undergone in-
traosseous resection, the defect was replaced by the
material based on bioactive glass. Localization — long
and short tubular bones of limbs. Morphologically
were found aneurysmal bone cyst, fibrous dysplasia,
enhondroma, giant cell tumor of bone, solitary bone
cyst, Chondroblastoma, hondromiksoidna fibroma,
fibrous histiocytoma, lipoma and aseptic necrosis of
the bone. A morphological study of bone after bio-
glass implantation was performed. After the opera-
tions, complications were found in 6.4% of patients
torelapse. Radiological and morphological studies on
the basis of bioactive glass material is characterized by
osteoconductive and osseointegration. Replacement
with ceramic bone began after 1.5 months, was man-
ifested by accumulation on the surface of the bioglass
active osteoblasts, bone, and the bone area was 7.3%
more than in the area of fibroreticular tissue.
Keywords: bioactive glass, ceramic implant materi-
als, benign tumor of long bone, tumor-like diseases
of tubular bones

INTRODUCTION

The main treatment of tumors and tumor-like
diseases of tubular bones is surgical treatment. Open
economical operation includes intraosseous bone re-
section of the tumor or curettage in case of tumor dis-
eases. The course of disease and the nature of surgical
intervention in these diseases have certain features that
often require the use of different implant materials for
bone replacement resection. These features combine
observed central location of the metaphysis of long
bones, including 82.2% of benign tumors localized in
long bones, mainly the young age of patients (11.4 % of
children), the large size of the defect, the threat or the
occurrence of pathological fracture.

To replace bone defect it is common to use auto-,
allotransplants or implant comprising calcium sulfate
(Coetzee AS et al., 1980), hydroxyapatite [1], (Holmes
RE et al. 1986), tricalcium phosphate [3] (Rey C. 1991;
V. Protsenko, 1998), bioactive glass [4,5], polymeth-
ylmethacrylate bone cement [7,8], calcium phosphate
cement [6,7] (Constantz BR et al. 1995), carbon bio-
materials [9 ] composite materials [9, 10], etc .. These
osteoconductive materials are biologically compat-
ible, they contribute to the formation of new bone tis-

sue. Their effectiveness as substitutes for autografts in
filling bone defects has been proved by various clinical
and experimental researches.

A number of researches describe the effect of for-
mation of new bone in experiments on entire surface of
bioactive glass (Larry Hench, 1969), and its use in the
clinical research to fill large bone defects (Beckham
C. A et al., 1971, Hench L.L., 2013). Some authors
obtained better results in the implantation of ceramic
materials while adding autografts [5] and platelet-rich
plasma [2]. The significant thickening of the cortical
layer took place in the bioactive glass group compared
with a group of patients with autograft during 8 months
of observations [5]. A positive result is defined by two
important features of the pore diameter and porosity.
The minimum size of 100 microns is optimal for bone
ingrowth, while the pore size of 200 u contributes to
the development of mature osteon. The interconnect-
edness is important, because the blind pockets limit
blood supply to the bone which grows.

The aim of the study is to show the effectiveness
of substitution defects by composite material based on
bioactive glass in the course of tumor diseases and be-
nign tumors of long bones of the extremities.

Materials and Methods

During the period from 2010 to 2016, bone and
plastic surgery procedures with the use of material
based on bioactive glass — Biokompozit-Syntekost
(BCS), benign tumors and tumor-like bone diseases,
were performed in 31 patients aged from 12 to 56, av-
erage age — 29 * 5 years old. Of these, 48% were men
and 51 women %. Implant material (certificate of state
registration Ne 3653/2005 dated 28 January 2005)
was synthesized in the Institute of Materials Science
named after .M. Frantsevich of NAS of Ukraine and
used in the form of granule.

Localization of bone tumors is presented in Table
1. Histological diagnosis of bone tumors is presented
in Table 2.

All patients underwent surgery: intraosseous bone
tumor resection and replacement of the specified
material defect, 2 patients in combination with
autoplastyand 1 in pathological fractures of the humerus
in the background aneurismal cysts in combination
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Table 1
Localization of bone tumors

.. number of
Localization vatientn=1 %
proximal humerus 4 12,1
diaphysis of the humerus 1 3,0
distal humerus metaphysis 0 0,0
proximal femoral metaphysis 3 9,1
diaphysis femur 1 3,0
distal femoral metaphysis 10 30,3
proximal tibia metaphysis 3 9,1
diaphysis of the tibia 3 9,1
phalanxes of fingers 3 9,1
bones of the foot 5 15,2
Total: 33* 100,0
3
In 3 patients with tumors 2 adjacent locations took place.
Table 2
Histological diagnosis of bone tumors
Diagnosis number of patients %
Aneurismal bone cyst 7 23
Fibrous dysplasia 6 19
Enhondroma 5 16
Giant cell tumor of bone 3 10
Solitary bone cyst 3 10
Hondromiksoid fibroma 2 6
Hondroblastoma 2 6
Fibrous histiocytoma 1 3
Aseptic necrosis 2 6
Lipoma of bone 1 3
Total: 31 100,0
Table 3
Results of treatment
Index Syntekost, n=31 | Kerhap-M, n=85
Inflammatory 0 0 ) 2.35%
processes
Relapse 1 3.2% 1 2,1%
Bed-day 12+4,2 24,3%5,7

with metal osteosynthesis. The results of treatment
were compared to the group of 85 patients with benign
tumors of bone, in whom postoperative bone defect was
replaced with ceramic material based on hydroxyapatite
(Kerhap-M). Bone tissue of patients was investigated
using methods of light microscopy after the surgery for
bone grafting defect using BCS. Bone morphometry was
conducted in 10 patients and 20 experimental animals
after implantation of the material "Syntekost." Clinical
examples of treatment results using a material based on
bioactive glass shown in Figures 1 and 2.

Fig. 1. Patient 18 years old. Fibrous dysplasia of the proximal
metaphysis and diaphysis of the tibia, after post intraosseous
resection and bone defect plastic ceramic material. Radiographs
a) immediately after surgery, b) 12 months after the operation,
¢) 24 months after the operation. There is a ceramic material
alteration at the site of implantation.

Fig. 2. Patient, 57 years old. Giant cell tumor of the proximal tibia
metaphysis, post intraosseous resection and bone defect plastic
ceramic material. X-ray a) before surgery, b) 2 weeks after the
operation, ¢) 12 months after the operation. There is a ceramic
material alteration at the site of implantation.

RESULTS

As a result of bone and plastic surgery for benign
tumors and tumor-like bone disease in 31 patients,
complications of the wound were not found. To re-
place the destroyed tumor cortical layer of bone, and
strengthen the bone window, a porous BCS plate was
used with a thickness of 1-3mm, of the size of 0,5x1cm
to 1,5x5 cm, the average area 3,9 = 1,7cm2. The aver-
age volume of intraosseous defect after resection was
50.5 £ 13,6 cm3 (1-148 cm3) and the number of wasted
material was 34,9 + 7,3 g (7-80h).

The results of treatment in the two groups is pre-
sented in Table 3.

Relapse tumors was found in 1 (3.2%) patients
with hondroblastoma and in 1 (3.2%) with fibrous
dysplasia. They undergone surgical removal of tumors
and recurrence of similar replacement bone defect. In
the dynamics using X-ray and morphological studies,
alteration and replacement of plastic material newly
formed bone tissue was observed. Bed-day was 12 +
4,2 days. Patients used the operated limb on average
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Fig. 3. A) particles of bioglass surrounded by newly formed bone
trabeculae and fibroreticular tissue in the canal of the bone
marrow. B) Foci of yellow bone marrow adjacent to biomaterials
(hematoxylin-eosin, 200x). Directly on bioglass isolated
osteoclasts were found, forming resorptive cavity in which
osteoblasts grew (Fig. 3). Osteoblasts were located on the bioglass
surface forming osteoid.

Fig. 4. Osteoclasts (thick arrow) and osteoblasts (thin arrow) on
the surface of a biomaterial. (hematoxylin-eosin, 400x).

within 1.5-2.5 months. The appearance of bone tis-
sue in morphologic preparations of BCS was observed
through 1,5-3months, Kerhap-M — 3-6 months.

In laboratory animals among implanted particles
of bioactive glass, the bone trabeculae of different
shapes and sizes were located in a narrow layers with a
high density of osteocytes (Fig. 3a, b). Short bone tra-
beculae were found in fibroreticular tissue, indicating
the potency of osteogenic tissue.

Location of osteoclasts and osteoblasts on the
surface of a biomaterial shows its high biocompatibil-
ity with bone tissue. Adjacent to bioglass fibroreticular
tissue had fibroblastic cells of different maturity, iso-
lated macrophages and osteoblasts, which were located
directly on the biomaterial particles (Fig. 4). Based on
morphometry tissue areas in the defect located in the
cortex, we found that bone area was 7.3% compared
with the area fibroreticular tissue.

CONCLUSION

The obtained morphological data indicate that
the material based on bioactive glass — BCS — is char-
acterized with osteoconductive and osseointegration,
which manifested itself in the formation of active
osteoblasts and bone on its surface. Replacement by
newly created bone tissue depends on the BCS after
implantation. The use of material based on bioactive
glass in bone and plastic surgery in benign tumors of
the long bones has some advantages, in particular,
treatment duration reduces, significant bone defects
get restored.
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Yopuuii B.C., byp’anoe O.A., Ilpouenxo B.B.
Hauyionanvuuii meduunuii ynieepcumem im. O.0.bocomonvys,
Kaghedpa mpasmamonoeii ma opmonedii, 1Y "Incmumym
mpaemamonoeii ma opmonedii HAMH Ykpainu",
Ykpaina, Kuie
3amimenns nedexTiB micJas pe3exiiii J00POAKICHIX MyXJIMH
Ta MyXJIMHOMOAIOHUX 3aXBOPIOBAHb TPYOUACTHX KiCTOK
KiHIIBOK KePaMiYHIM MaTepiajioM HA OCHOBI 0i0aKTHBHOTO
cKJa

¥ 31 mauieHTiB, 3 HOBOYTBOPEHHSIMM KiCTOK, BUKOHAHO
BHYTPIIIIHbOKICTKOBA PE3eKIlil0 KiCTKU 3 IyXJIUHOM, 3a-
MillleHHsT nedeKTy MaTepiaJioM Ha OCHOBi 0i0AaKTUBHOTO
ckua. Jlokanizaliss — AOBri Ta KOPOTKi TpyOUyacTi KiCTKuU
KiHIIIBOK. MopdoioriyHo 3ycTpidajinuch aHeBpU3Mallb-
Ha KicTKoBa KicTa, (piOpo3Ha mucruiasisg, €HXOHIpoMma,

TITaHTOKJIITUHHA MyXJIMHA KIiCTKU, COJIiTapHa KiCTKOBA
KicTa, XoHApoOIacToMa, XOHApoMiKcoigHa dhidpoma, di-
Opo3Ha ricTioluTOMa, JinoMa KiCTKU Ta aCeNTUYHUI He-
kpo3. [IpoBeneHe MopdonoriyHe TOCTiIKEHHS KiCTKOBOI
TKaHWHM TTicasl iMIuiaHTaiii 6iockna. Ilicns onepauii,
YCKJIAIHEHb He BUSIBJICHO, peluauB — y 6,4% mallieHTiB.
IIpu peHTreHonoOrivHOMY Ta MOPQOJOTIYHOMY HOCIi-
JKEHHSIX MaTepiaa Ha OCHOBI 010aKTUBHOTO CKJIa XapaKTe-
pU3YyBaBCsl OCTEOKOHIYKTUBHICTHIO Ta OCTEOIHTErpalli€io.
3aMillleHHsT KepaMiKy KiCTKOBOIO TKAaHWHOIO BilIOyBaach
3 1,5 Mic. IpoSIBISUTOCH CKYMMYEHHSIM Ha MOBEPXHi 6iockiia
AKTUBHUX OCTEOOJACTiB, KiCTKOBOI TKAHWHHU, a IUIOLIA
KiCTKOBOiI TKaHWHU Oyna Ha 7,3% Ginblie B MOPiBHSHHI 3
wioulero pidpopeTiKynsIpHOi TKAHUHU.

KiouoBi ciioBa: 6ioakTMBHE CKJIO, iMIUIaHTALisl KepaMiu-
HUX MaTepiajiB, TOOPOSIKICHI MyXJMHU OOBTUX KiCTOK,
MyXJMHOMOAIOHI 3aXBOPIOBaHHSI KiCTOK.

Yepuouii B.C., bypvanoe A.A., Ilpouenko B.B.
Hauuonanvnuii meduyunckuii ynueepcumem um. A.A. boeo-
monvya, kagedpa mpasmamonoauu u opmoneduu, I'Y "Hn-
cmumym mpagmamonozuu u opmoneduu HAMH Ykpauno!”,
Ykpauna, Kuee

3amemenne ae¢)eKTOB IOCIe pe3eKIHH 100POKAYeCTBEHHBIX
OIYXOJIeii ¥ OIMYX0JIETIOI00HBIX 3200JeBaHUIT TPYOUATHIX
KOCTeH KOHEYHOCTel KepaMrui4eCKMM MaTePUajioM Ha OCHOBE
OMOAKTMBHOIO CTEKJIa

VY 31 nmanueHTa ¢ HOBOOOpPa30BaHUSIMU KOCTE, BBITIOJN-
HEeHa BHYTPUKOCTHAsI pPe3eKILMSI KOCTU C OIYXOJbIO 1 3a-
MeleHue aedekTa MaTepruaaoM Ha OCHOBE OMOAKTUBHOTO
crekia. Jlokanuzanusi — JJIMHHbIE U KOPOTKUE TpyOuaThie
KOCTH KOHEYHOCTel. Mopdosorndeck BCTpeYaInCh
aHeBpM3MajibHa KOCTHasl KKMCTa, (hMOpO3Has AUCILIA3MS,
SHXOHIPOMA, TUTAHTOKJIETOYHASI OITyXOJb KOCTH, COJIM-
TapHasl KOCTHAsI KMCTa, XOHAPOOIacTOMA, XOHAPOMUKCO-
unHa ¢udbpoma, hpudpo3Hasi TUCTUOIIMTOMA, JTIUTIOMa KO-
CTU U acenTuueckuit Hekpo3. [IpoBeneHo Mopdorornye-
CKO€ HCClIe0BaHNe KOCTHOM TKaHU TOC/Ie MMIUTaHTAllN!
ouocrekia. [Tocie onepaluii, 0OCJI0XKHEHU He BbISIBJICHO,
peuuauB — y 6,4% mnauuentoB. [lpu peHTreHosOrMye-
CKOM 1 MOP(]OJIOTMIECKOM MCCIeIOBaHUSIX MaTepral Ha
OCHOBE OMOAKTHMBHOIO CTEKJIAa XapaKTepU30BaJICSI OCTEO-
KOHIYKTUBHOCTBIO M OCTEOMHTETpaIeid. 3aMeIIeHUE Ke-
PaMMKU KOCTHOM TKaHbIO HAYMHAIOCh C 1,5 Mec., mposiB-
JISUTOCHh CKOTUIEHWEM Ha TTOBEPXHOCTH OMOCTEKJIa aKTHUB-
HBIX O0CT€00J1aCTOB, KOCTHOI TKaHM, a IUIOIIAAb KOCTHOM
TKaHU ObL1a Ha 7,3% 00JIblile 110 CPAaBHEHUIO C TUIOLIAAbIO
GUOPOPETUKYIIPHOIN TKAHBIO.

KioueBbie ciioBa: OMOAKTMBHOE CTEKJIO, WMILIAHTALIMS
KEpaMHUYECKUX MAaTEepUATIOB, NOOPOKAYECTBEHHBIE OIly-
XOJIM UTMHHBIX KOCTEI, OIMyXOJeIOI00HbIe 3a00IeBaHMS
KOCTEN.
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