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Case report

Surgical treatment of bone tumors using segmental bone allografts
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The aim of the study is to improve the method of surgical treatment for patients with tumors of long bones with the use of seg-
mental bone allograft.

Material and method. The authors have improved the method of surgical treatment of patients with tumor bone lesions using
segmental allografts. Step-cut osteotomy was performed to achieve the best contact between the allograft and the recipient bone,
fixation was performed with intramedullar interlocking nail without the use of bone cement, and primary bone autoplasty was done
to achieve better reparation. The method was clinically tested and the results of its application were studied (radiologically, mor-
phologically). A morphological study of the contact zone between the allograft and the recipient's bone was conducted.

Results. The effectiveness of the developed method was proved. As a follow-up result among patients who underwent surgical
treatment according to the developed method, the following complications were noted: ischemic necrosis of soft tissues (due to
intraoperative ligation of an artery which was surrounded by a tumor) — 1 case; tumor recurrence resulting in a limb amputation —1
patient. During the macroscopic study of a removed fragment (after amputation), the fusion between allograft and recipient bone
was observed. As a result of histological and X-ray examination, bone regeneration was seen in the area of contact between
the allograft and the recipient bone. The histological examination also was used to clearly visualize the removed fragment of
the affected tibia, in particular the contact zone between the allograft and the recipient bone, and the bone implant material, on
the outer surface and internal parts of which, the formation of new bone tissue in the form of layering of the bone trabeculae was
seen. Thus, the bone tissue was formed on the surface of allogeneic bone material and sprouted into its internal parts, forming
a stiff bone — implant contact.

Conclusions. Using the technique of bioreconstruction of the long bone defects allows the bone tissue of the affected limb to be
preserved as much as possible, to restore the surrounding soft tissues and avoid infectious and allergic reactions in comparison
with modular endoprosthetics. Fixation of the allograft and the recipient bone using step-cut osteotomy with the additional insertion
of an interlocking intramedullar nail allows getting a stable «construction» and maximizing the contact zone of the bone tissue
(the allograft and the recipient bone).

XipypriuHe AikyBaHHA KiCTKOBUX MyXAMH i3 3aCTOCYyBaHHAM
cermMeHTapHUX KiCTKOBMX aAOTPaHCNAAHTATIB

0. €. Bupsa, fl. 0. lonosiHa, P. B. Manuk, 3. M. AaHiwyk, H. 0. AwykiHa, . M. BopoHuoB

MeTa poboTu — yAOCKOHANNTW METOA XipypriYHOrO NiKyBaHHS XBOPMX i3 KICTKOBUMM MyXIIMHAMK, 3aCTOCOBYHOUM CETMEHTAPHi
KICTKOBI anoiMnnaHTaTy.

Marepianu Ta meTogu. YO0CKOHanunv MeTod XipypriyHoro nikyBaHHs XBOPUX i3 KICTKOBUMU NyXnMHAMU, 3aCTOCOBYHOUM CErMeH-
TapHi KiCTKOBI anoTpaHcnnaHTaTh. BukoHanm cxognHKonogibHy 0CTe0TOMIt ANs LOCATHEHHS HAaNGINbLUOTO KOHTAKTY MiX KICTKOBUM
anoiMnnaHTaToM i KICTKOI peuunieHTa, dikcaLito iHTpameaynspH1UM BMokiBHUM CTPIKHEM 6€3 BUKOPUCTaHHS KICTKOBOTO LIEMEHTY,
a TakoX Ans [OCATHEHHS KpaLLoi penapaLlii BUKOHyBamnv NepBrHHY KiICTKOBY ayTonnacTuKy. 3aiicH1nm KniHivHy anpobaLiio metogy
Ta BUBYWINW PE3YNbTaTH 3aCTOCYBaHHS (PEHTIEHOMONYHO, MOPHONOriyHO). BukoHann mopdonoriyHe AOCRIMKEHHS 30HW KOHTaKTY
aroTpaHcnnaHTaTa Ta KicTku peuunieHTa.

Pesyniratu. [loBeny epekTBHICTb METOZY, LU0 pO3po6uMnN. Y pesynbTaTi CoCTEPEKEHHS 32 XBOPYMM, SIKUM BUKOHANM XipypriuHe
nikyBaHHs 3a po3pO6IIEHOK METOAVKOK, BUSHAYUIM TaKi YCKNAAHEHHS: iLIEMIYHMIA HEKPO3 M’SIKWX TKaHWH (YHacnigoK iHTpaonepa-
LiiHOro NepeB’si3yBaHHs apTepii, Lo Oyna iHTUMHO 0TOYeHa NyXIHOK) — 1 BUNaAoK; PeLnavB NyxXimHu, Lo NPU3BENo A0 amny-
Tauii KiHuiBk1, — 1 xBopwit. Mig Yac 4OCNimKeHHs BUAANeHoro npenapary (nicns amnyTawii) MakpoCKOMiYHO BUSIBUAIIN 3POLLIEHHS!
arnoimMnnaHTara Ta KicTku-peuunienTa. 3a AaHNMM ricTONOMYHOIO Ta PEHTTEHONOrMYHOM AOCHIMKEHb NOKa3aHa pereHepaList KicTku
B AiNSHU KOHTaKTy anoTpaHcnnaHTata i KicTku-peuymnienTa. Y pesynerarti riCTonorivyHoro AOCHimXeHHs BUAaneHoro npenapary
YpaxeHoi roMinki1, 30kpema 30HW KOHTaKTY anoiMnnaHTara i KicTK-peLunienTa, YiTko BisyanisyBanu Matepian KicTKoBOro iMnnaH-
TaTa, Ha 30BHILUHI/A NOBEPXHI Ta Y BHYTPILUHIX Bigdinax skoro BUSBUMW YTBOPEHHS MOMOAOI KICTKOBOT TKAHUHM SIK HaLLapyBaHHs!
kicTkoBMx Tpabekyn. OTxe, KicTKOBa TkaHUHa hopmMyBanacs Ha NOBEPXHi KICTKOBOIO afloreHHoro Matepiany, npopocTtana B ioro
BHYTPILLHI BiAAiNY, YTBOPHOIOYM MILIHWA KOHTAKT «KiCTKa — IMIiaHTar.

BucHoBKuM. BukopucTaHHs MeToayky BiopekoHCTPYKLIT AedhekTiB LOBMVX KICTOK Aae 3MOry MakcUMarnbHO 30eperTu KicTKoBy Tka-
HWUHY YP@XXEHOT KiHLIiBKW, BIGHOBUTIN HABKOMMLLHI TKAHUHW, YHUKHYTY iHCDEKLAHWX Ta anepriyHnx peakLiii MopiBHAHO 3 MOZYIbHAM
eHponpoTesyBaHHAM. PikcaLlis anoiMnnaHTara i KiCTKu-peLmnieHTa, 3aCTOCOBY04M Step-Cut 0CTEOTOMIO 3 JOAATKOBUM YBEAEHHSM
iHTpamenynsipHOro GrIOKIBHOMO CTPYXKHS, Jae 3MOry OTpUMaTh CTabinbHy «KOHCTPYKLKO» Ta MakCMMarbHO 36inbLUNTY MIOLMHY
KOHTaKTY KICTKOBOI TKaHUHW (arno- Ta KicTku-peuynienTa). Li YHHMKW 3yMOBIIOKTL XOPOLUY KICTKOBY pereHepaLlio.
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XUpypruueckoe AeYeHHe KOCTHbIX OMyXOAeW
C UCNOAb30BaHUEM CermMmeHTapHbIX KOCTHbIX aAAOTPaHCNAQHTATOB

0. E. BbipBa, fl. A. lonoBHHa, P. B. Manbik, 3. H. Aanuyk, H. A. AwykuHa, . M. BopoHuoB

Lenb paﬁOTbl — YCOBEPLLEHCTBOBATb METOL XMPYPrM4eCKoro evyeHns naunueHToB ¢ KOCTHbIMU OnyXonamMu € UCMNOorb30BaHMEM
CerMeHTapHbIX KOCTHbIX annoTpaHCnaHTaToB.

Matepuans! n meToabl. YCOBEPLUEHCTBOBANM METOA XVPYPrYECKOrO NEYEHNsI NALMEHTOB C KOCTHBIMM OMyXONsIMUA C UCMOMb-
30BaHWEM CETMEHTapHBIX KOCTHbIX anyioTpaHCNaHTaToB. BhINOMHMAM CTyNeHYaTylo OCTEOTOMUIO ANst AOCTUXEHNS GOMb-
LUero KOHTaKTa Mexay KOCTHbIM annoMMMNaHTaTOM M KOCTbHO peLunuenTa, hukcaumio UHTpaMeaynnsipHbIM GrokvpyroLmm
cTepxHeM 6e3 MCnonb30BaHNs KOCTHOTO LiEMEHTa, a Takke Ans JOCTVKEHWS Nyyllei penapauymu BbINOMHUY NEPBUYHYIO
KOCTHYIO ayTonnacTuky. MpoBegeHa KnnHUYeckas anpobaumst MeTofa U U3ydeHbl pesynsTaTbl ee MPUMEHEHNS! (PEHTIEHONO-
ruyecku, Mopdororuyeckn). BuinonHeHo Mopdonornyeckoe UCCrenoBaHWe 30Hbl KOHTAKTa annoTpaHCnnaHTata ¢ KoCTbio
peLMnueHTa.

Pesynbrarbl. [lokasaHa achdekTMBHOCTb paspabotaHHoro metoga. B pesynkrate HabrniogeHus 3a nauneHTamu, KoTopsIM npo-
BEAEHO XMPYpriyeckoe NneyeHne no paspaboTaHHO MeToaNKe, OTMEYeHbl Takne OCHIOKHEHUS: ULLEMUYECKIA HEKPO3 MSATKUX
TKaHel (BCNeACTBME MHTPAONepaLVOHHON NepeBsi3k/ apTepuK, KoTopas Bbina MHTUMHO crnasiHa ¢ Onyxonblo) — 1 crnyyai;
peLmamB OnyXonu, KOTOPbIV NPUBEN K amnyTauun KOHEYHOCTU, — 1 naumeHT. MNpu nccnenoBaHny yaaneHHoro npenaparta (nocne
amnyTaLnm) MakpoCKONMYeCcKn OTMEeYEHO CpalLleHne annoumniaHTara u Koctu-peuymnmenTa. o 4aHHBIM MCTONOrMYeckoro 1
PEHTTeHOMOrMYeckoro NCCReoBaHUIi MoKa3aHa pereHepaLyns KocTu B 06MacTu KOHTaKTa annoTpaHcnaHTara ¢ KOCTbIo-peLmni-
€HTOM. B pesynkrare ructonornyeckoro UCCneaoBaHus yaaneHHoro npenapara nopaxeHHoM roneHu, B YaCTHOCTYW 30HbI KOHTaKTa
anmnovMnnaHTaTa u KocTU-peLMnieHTa, YeTko BU3yanuanpoBani Matepnan KOCTHOTO MMaHTaTa, No Hapy)HOW NOBEPXHOCTU 1
BO BHYTPEHHWX OTZENax KOTOPOro 0TMEHYEHO 0Bpa3oBaHMe MOMOLO KOCTHOW TKaHW B BUAE HACTIOEHUS KOCTHbIX Tpabekyn. Takum
0bpa3om, koCcTHas TkaHb PopMMpPOBanach Ha MOBEPXHOCTM KOCTHOIO anforeHHoro Matepumana 1 npopacrarna B ero BHyTpEHHME
oTaensbl, 06pa3oBbIBas KPenKiii KOHTAKT «KOCTb — UMMMaHTaT.

BhIBoAbI. Vcnonb3oBaHue MeToayKi GUOPEKOHCTPYKLIMM AEEKTOB AMMHHbIX KOCTEN NO3BOMSIET MAKCUMAIbHO COXPaHMUTL KOCT-
HYt0 TKaHb MOPaXXEHHOW KOHEYHOCTY, BOCCTAHOBMUTL OKPYXaloLLME MSIrkie TKaHM, u3bexaTb MHIEKLUMOHHBIX U anneprinieckmx
peakLyii Mo CpaBHEHMIO C MOYITbHBIM 3HAOMPOTE3NPoBaH1eM. dyKcaLUs annouMniaHTaTa v KOCTV PeLMMEHTa C UCTOoNb30Ba-
HWem step-cut OCTEOTOMMU C JONOMHUTENBHBIM BBEAEHUEM UHTPAMELYIISPHOTO GIOKMPYHOLLETrO CTEPXHS MO3BONSIET MOMYYUTh
CTabunbHYI0 «KOHCTPYKLIMIO» U MaKCUMarbHO YBEMUYMTL NOLLab KOHTaKTa KOCTHOI TKaHM (anno- 1 KocTU-peumnmeHTa). Ot
YCIOBWS! NO3BOMSAT MOMTY4UTb XOPOLLYHO KOCTHYHO pereHepaLmio.

Surgery for long bone tumors is the main method of treat-
ment for patients with this pathology. An important and
relevant issue is the method of post-resection segmental
defects of long bones and joints replacement. Today, there
are many techniques in the arsenal of orthopedists for
the reconstruction of major bone and joint defects [1-6].
Among the main ones, the followings are worth to
be mentioned: bone grafting, the method of distraction
osteogenesis, replacement of defects by biomaterials
(demineralized bone matrix and ceramic implants), and
endoprosthetics. The methods of bone grafting include
autografting (with the use of cancellous, cortical and auto-
claved autografts), allografting and xenografting. However,

Aim
The objective of the study is to improve the method of sur-

gical treatment for patients with tumors of long bones with
the use of segmental bone allograft.

Material and methods

In order to target better results of surgical treatment for
patients with bone tumors, we have improved the method
of post-resection segmental defects of long bones and joints
replacement. Segmental bone allografts (articulating or
without preserved metaepiphyseal (diaphyseal) zone) were
used as a replacement material. Bone allografts were made

nowadays, combined methods for replacing large segmental
bone and joint defects are becoming increasingly popular.
To reduce the bone defect and recover soft tissue defects,
the allograft-prosthetic composite (APC) technique was
developed. This technique has been used since the late 80's
of the past century. Currently, it is proved that the use of this
type of surgical treatment allows for biological restoration
by providing an allograft attachment to the surrounding
soft tissues, which leads to better functional recovery of
the muscles and affected joints and the entire limb [7,8].

Optimal implants to replace bone and joint defects have
been under development for many decades. In order to se-
lect the «ideal» implant, which must meet the requirements
of biocompatibility, mechanical stability and be safe, it is
necessary to conduct a number of studies and tests [9,10].
Therefore, the method of allograft-prosthetic composite is
of interest to detailed studies.

at the Transplantology Department of Sytenko Institute of
Spine and Joint Pathology NAMS of Ukraine. A donor bone
was mechanically cleaned from soft tissue, cartilage, and
periosteum. An organic component with antigenic properties
was removed by chemical procedures. A harvested sample
was packed and exposed to radiation sterilization. Process-
ing of the bone was performed according to the developed
in Sytenko Institute of Spine and Joint Pathology NAMS of
Ukraine technical specifications and patented original me-
thod of manufacturing implants using bone tissue (certificate
of compliance No. UA.TR 101-21-2016).

The first stage of surgery was ablastic radical en block
removal of the bone tumor (segmental resection). Express
biopsy — a cytological examination of the bone marrow
from the medullary canal to identify atypical cells — was
performed and, if necessary, the area of affected bone re-
section was extended. Step-cut osteotomy was performed
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in the area of cut bone. One end of the segmental articu-
lating allograft was processed so that its protruding parts 1
and parts of the recipient bone were properly positioned by
“the Russian lock” type (Fig. ).

The second stage was the long bone post-resection
defect replacement. An interlocking nail was inserted into
the intramedullary canal of the segmental allograft, and
it was blocked with screws. The free part of the nail was
inserted into the medullary canal of the recipient bone in
such a way that the edges of the allograft and the recipient
bone were completely matched. Following that, the nail
was blocked in the recipient bone. The interlocking nail
was implanted without using of bone cement. In the contact
area between the allograft and the recipient bone, free bone
autotransplants (from the local tissues) were additionally
placed and fixed to each other using sutures (Fig. 2). After
performing the bone defect replacement, a thorough resto-
ration of the surrounding muscles was performed.

In the case of using a segmental allograft for replacing
large diaphyseal defects in long bones, step-cut osteotomy
was performed at both ends of the implant. In these cases,
the interlocking nail was blocked by screws in the recipient
bone proximally and distally. Additionally, bone autografting
from the fibula was performed.

This technique was used in 5 patients (3 men and 2
women) with malignant tumors of long bones. The distribu-
tion by nosology was as follows: osteogenic sarcoma — 2
patients, adamantinoma - 1 patient, undifferentiated
pleomorphic sarcoma -2 patients. The mean age of the pa-

Fig. 1. Schematic representation of the allograft model (distal bone) and the recipient bone (proximal
bone) fixed by step-cut osteotomy.

Fig. 2. A schematic model of the allograft (distal bone) and the recipient bone (proximal bone)
positioned by “the Russian lock” type with additional location of the bone autograft in the contact zone
between the allograft and the recipient bone and stabilized with an interlocking nail which is blocked.

tients was 35.6 years (from 18 to 50 years). 3 patients had
the pathological tumor focus located in the distal part of
the tibia. In these cases, a segmental articulating allograft
was used to replace a post-resection bone defect. A seg-
mental diaphyseal allograft was used to replace post-resec-
tion bone defects in 2 patients who had the tumor process
located in the diaphyseal zone of the femur.

According to the treatment protocols, 4 patients with
malignant bone tumors underwent polychemotherapy.

All the patients underwent X-ray and computed tomog-
raphy (CT) examinations during the postoperative period
to control the reparative processes, as well as to monitor
the oncologic process.

In one case, a patient with adamantinoma of the distal
tibia underwent lower limb amputation at the level of the lower
third of the femur due to a recurrent tumor. The removed
fragment of the tibia was examined in a pathomorphological
laboratory. The contact area between allograft and recipient
bone was studied directly.

Histological examination. The tibia with allograft was
removed from the amputated limb. The areas of the recipient
tissue fusion with the allograft were taken for the study. The
material was fixed in 10 % neutral formalin, decalcified in
formic acid solution, dehydrated through an ethanol series
and embedded in paraffin. The histological sections were
stained with hematoxylin and eosin, and Van Gieson picro-
fuxin, then were analyzed using a light microscope Olympus
BX63. A digital camera DP73 (Olympus) and the software
“Cell Sens Dimension 1.8.1" (Olympus, 2013) were used
for photographing.

Ethical approval. The authors declare that all the pro-
cedures and experiments of this study met the ethical
standards in the Helsinki Declaration of 1975, revised in

Zaporozhye medical journal. Volume 23. No. 1, January — February 2021

2008(5), as well as the national law. An informed consent
was obtained from all the patients included in the study.

Results

As follow-up results among patients who underwent surgical
treatment according to the developed method, the following
complications were noted: ischemic necrosis of soft tissues
(due to intraoperative ligation of an artery that was surroun-
ded by atumor) — 1 case; tumor recurrence resulting in limb
amputation — 1 patient. A patient with soft tissue necrosis in
the area of surgery had skin and muscle plastic surgery, and
thus it helped to save the limb. In all the cases, the fusion
between the allograft and the recipient bone was observed
in a 6-month follow-up period.

Morphological findings. During the macroscopic exa-
mination of a removed fragment, the allograft and recipient
bone fusion was observed (Fig. 3).

As a result of histological examination of the removed
fragment of the affected tibia, in particular the contact zone
between the allograft and the recipient bone, the bone im-
plant material was clearly visualized. On its outer surface
and internal parts, the formation of new bone tissue in
the form of layering of the bone trabeculae was seen. The
bright eosinophilic matrix contained dense large osteocytes,
osteocytic lacunae were devoid of cells. That is, the cells
were at the maturation stage, being actively involved in
the synthesis of matrix components, and having an osteo-
blast-like structure, and consequently, trabeculae of woven
bone. A layer of osteoblasts with various functional activity
was located on the outer surface of the bone trabeculae. In
addition to bone trabeculae, blood capillaries, cells at less
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Fig. 3. Fragment of the tibia:
a - distal half of the bone —
allograft, proximal - recipient
bone with the presence of a
tumor. There is a fusion between
the bone and the allograft; b, ¢ —
pieces of the fragment — contact
zone between the allograft and
the recipient bone. Arrows (fig. 3b
and 3c) point to bone layering and
growing inside the allograft.

Fig. 4. The fragment of the allograft
(1). Newly formed bone (nB) on
the inner surface of the allograft.
The dashed line marks the border
of the newly formed bone and
the allograft. 4a — newly formed
woven bone; 4b — newly formed
lamellar bone. Hematoxylin and
eosin staining.

Fig. 5. Radiographs of the lower
leg in 30-year-old patient Sh.,
osteogenic sarcoma of the left
distal tibia (5a —anterior-posterior
view, 5b — lateral view).

Fig. 6. Radiographs of the lower
leg in 30-year-old patient Sh.
after surgery — the segmental
allograft was implanted with
the interlocking intramedullar nail
(a — anterior-posterior view, b —
lateral view).
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mature differentiation stage, and fibroblasts were observed
on the internal allograft surface (Fig. 4).

Thus, bone tissue was formed on the surface of allo-
geneic bone material and sprouted into its internal parts,
forming a stiff bone — implant contact.

Case report

A 30-year-old patient Sh. was hospitalized to Sytenko In-
stitute of Spine and Joint Pathology clinic with complaints
of pain and the presence of enlarging mass in the distal
third of the left lower leg. She did not receive any treatment
previously. The patient underwent a comprehensive exa-
mination, X-ray and CT examination (contrast-enhanced),
and a biopsy of the tibial mass. Lytic destruction of the distal
tibia with disrupted integrity of the cortical layer was visible
on radiographs (Fig. 5). CT scans showed lytic destruction
of the lower third of the tibia with a large soft tissue com-
ponent without major vessel invasion and with the pre-
sence of tumor-feeding arteries. CT-cancer screening of
organs and systems of the body did not show metastatic
lesions.

During a histological analysis of the biopsy material,
osteogenic sarcoma was diagnosed. Thus, the compre-
hensive examination of the patient resulted in a diagnosis:
osteogenic sarcoma of the left distal tibia T2NOMO stage I,
clinical group Il. According to the protocols of this nosology
treatment, polychemotherapy and surgery were performed.
Surgery: en block removal of the tumor, replacement of
the post-resection defect of the distal tibia with segmental
articulating allograft, the allograft and the recipient bone
fixation with the interlocking nail. Autoplasty of the contact
zone between the allograft and the recipient bone was ad-
ditionally performed (Fig. 6). After the operation, the lower
limb was immobilized for 3 months with a circular plaster
cast with a walking stirrup leaning on the lower limb. At that
time, the patient received courses of polychemotherapy.
Final radiographs (6 months after the surgery) showed
signs of reparation in the contact area between the allograft
and the recipient bone (Fig. 7). In 6 months, the patient
walks with a full load on the operated lower limb without
additional support. In total, the patient was followed-up
for 1.5 years. There were no signs of tumor recurrence or
other complications.

Discussion

In previous studies, segmental bone allografts were fixed
in the recipient bone with the help of the endoprosthesis
stem or bone plates and intramedullary nail [11-13]. In
most cases, a transverse osteotomy was performed and
bone cement was used in the case of fixation with the en-
doprosthesis stem [14]. Articulating allografts were more
often used in the case of the proximal humerus destruc-
tion [15]. We have studied the complications of existing
methods of allograft-prosthetic composite and taken into
account to improve this technique. We performed step-cut
osteotomies to achieve the best contact between the al-
lograft and the recipient bone, fixation with intramedullar
interlocking nails without the use of bone cement, and
primary bone autoplasty was performed to achieve better
reparation.

Zaporozhye medical journal. Volume 23. No. 1, January — February 2021
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Fig. 7. Radiographs of the lower leg in 30-year-old patient Sh., 6 months after the surgery — there
are signs of reparation in the contact zone between the allograft and the recipient bone (a —anterior-

posterior view, b - lateral view).

Conclusions

1. The use of the bioreconstructive technique for long
bone defects allows the bone tissue of the affected limb to be
preserved as much as possible, to restore the surrounding
soft tissues and avoid infectious and allergic reactions in
comparison with modular endoprosthetics.

2. Fixation of the allograft and the recipient bone using
step-cut osteotomy with the additional insertion of an inter-
locking intramedullar nail allows getting a stable “construc-
tion” and maximizing the contact zone of the bone tissue
(the allograft and the recipient bone). These conditions allow
getting good bone regeneration.

3. Cement-free insertion of a metal nail also helps to
avoid such complications as cement leakage into the con-
tact zone between the allograft and the recipient bone, and
the development of metal implant instability.
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