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of patients with long bone tumors
using bone segmental alloimplants
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The most common techniques for the replacement of post-resection
bone defects in patients with tumors are modular and individual
endoprosthetics and bioreconstructive interventions. The follow-
ing issues require solution: improvement and development of tech-
niques for fixation of segmental allograft and recipient bone, study
of bone remodeling processes in conditions of bone allograft and
cytostatics (chemotherapy drugs) action, improvement of seg-
mental allograft quality. Objective. To determine the indications
for allograft replacement of post-resection defects of long bones
(and its types) in patients with malignant bone tumors. Methods.
Experimental studies were carried out to study morphological, bio-
mechanical, biochemical changes in experimental rats after bone
allograft under different conditions. Using the finite element meth-
od, the tensely deformed conditions in the «allograft — recipient-
bone — endoprosthesisy system were assessed to determine the most
effective fixation technique of the bone allograft and recipient bone
in imitation of a bone regenerate in different terms after surgery.
Results. The effectiveness of allograft prosthesis composite tech-
nique with a step-cut osteotomy and additional bone autoplasty in
the contact zone of the allograft and the recipient bone was proven.
1t was determined that the use of radiation-sterilized bone allograft
in combination with systemic administration of cytostatics leads to
inhibition of bone formation. We developed an algorithm-scheme
of surgical treatment of patients with tumors of long bones using
segmental allograft and proposed methods of replacement of post-
resection bone defects for each localization of tumor lesions. Clini-
cal approbation was performed. Conclusions. Segmental bone al-
lograft of large post-resection defects of long bones at their tumo-
rous affection remains an actual and perspective technique of one
bioreconstruction. Clear adherence to the indications for this tech-
nique will help to prevent complications and repeated operations.
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Hatinowupeniwumu memoouxamu 3amiweHua niciape3exyii-
HUX Oeghexkmis KiCMoOK y nayienmie i3 nyxXiuHamu € mMooyivHe
1l iHOUBIOYaIbHE eHOONPOMe3Y8aAHHS, OIOPEKOCMPYKMUBHI 8Mp)-
uanns. [lompebyroms eupiuenus NumManHs: YOOCKOHAIEHHS
il po3poOIeHH MemoOuK Qikcayii ceecMeHmapHux anoiMnIaH-
mamig i Kicmku peyunienma, Ue4eHHs. Npoyecie pemooenro-
6AHHS KICMKOBOI MKAHUHU 3a YMO8 KICMKOBOI ANONAACMUKU
ma Oii yumocmamuxie (XiMiomepaneemuuHux npenapamis),
noninuenns AKocmi ceeMeHmapHux anoimnianmamis. Mema.
Busnauumu noxazannsa 00 aioniacmudno2o 3amMiujenHs nicisi-
pesexyitnux oeghexmie 0082ux Kicmox (ma tio2o 6uoie) y nayicH-
mie 3i 310AKICHUMU nyXAuHamu Kicmox. Memoou. Ilposedeno
eKCNnepuUMeHmManbHi 00CIIOHCeHHs 0I5l 8UBYEHHA MOpghonoziu-
HUX, OioMeXaHIuHUX, OIOXIMIUHUX 3MIH 68 eKCNepUMEHMATbHUX
wypie nicis Kicmkogoi aioniacmuxu 3a pisHux ymos. 3a 0o-
NOMO02010 Memooy CKIHUeHHUX elleMeHmi8 OYIHeHO Hanpyoice-
HO-0ehopmogaHi cmanu 6 cucmemi «ai0iMNAAHMAm — Kicmka
peyunicnma — eHoonpome3sy O GUSHAYEHHs HauleheKmugHi-
woi’ memoouxu ikcayii aroxicmku U KICmKu peyunienma 3a
YMO8 IMIMYG8AHHS KICIMKOB020 pe2eHepamy Ha pi3HUX mepMIHax
nicas onepayii. Pezynomamu. /losedeno egpexmusnicmo 3ac-
MOCYBAHHs MEMOOUKU ANOKOMNOZUMHO20 eHOONPOMEe3Y8aHH
31 CMYNIHYACMOI0 0CMEOoMOMIEI0 MaA 000AMKOBOI0 KICIMKOBOI0
aA8MONIACMUKOIO 8 30HI KOHMAKMY ANI0IMAIAHMAma i Kicmxu
peyunicuma. Busnaueno, wo 6uKOpUCmanHs KiCMKOBUX aio-
imMnaanmamis, cmepuiiz08anux y-8UNPOMIHIOBAHHAM, V KOMOI-
Hayii 31 cucmeMHUM 66€0eHHAM YUMOCMAMUKIE NPU3BOOUNb 00
npueHiuerHs Kicmxoymeopents. Pospobneno arcopummizosa-
HY CcXemy XIpypeiuHo2eo AIKVEAHHs XGOPUX i3 NYXIUHAMU O082UX
KiCMOK 31 3aCMOCY68AHHAM Ce2MEeHMAPHUX ALOIMNIAHMAMIE
i 3anpoNnoOHOBAHO MEMOOUKY 3AMIWEHHS NICAAPE3eKYIUHUX Oe-
hexmis Kicmok 0 KOJHCHOI IOKANI3ayil NYXJUHHUX VYDPAAICEHD.
IIposedeno kainiuny anpoodayiio. Bucnosku. Ceemenmapna Kicm-
KOBA ANONJACMUKA 6CIUKUX NICAAPE3eKYIUHUX deghekmie 0082ux
KICIMOK Y pasi iXub020 NyXJAUHHO20 YPAACEHHS 3ANUMAEMbCS aK-
MYanpHOI0 Ma NepCnekmueHoI0 MemoouKor 6iopekoHCmpyKyii
Kicmok. Yimke 0ompumanua NoKazawv 00 yiei Memoouxu 0o-
3601UMb 3aN00IeMU PO3BUMKY YCKIAOHEHb | NOSMOPHUX ONepayill.
Kmouosi cnosa. 3nosxicHi Kicmkosi nyxauHu, Kicmkoéa anonaiacmu-

Ka, Xipypeiune NiKY8aAHH 3105KICHUX NYXAUH KICIOK.
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Introduction

The surgical stage of treatment of patients with
malignant tumors is very important with oncologi-
cal and functional results depending on its success.
One of the main tasks during surgical treatment is
bone restoration after tumor removal. There are many
methods of replacing post-resection defects of long
bones but modular, individual endoprosthetic repair
and bioreconstructive interventions are the most
widespread [1, 2]. The latter include auto- and allo-
plasty of post-resection bone defects and their vari-
ous combinations [3]. Segmental bone alloplasty has
a number of advantages over modular endoprosthesis,
one of them being the restoration of bone tissue and
muscle and tendon attachment zones. A method of al-
locomposite endoprosthetic repair has been developed
in order to reduce the number of complications after
the use of alloplasty or endoprosthetic repair alone,
combining these approaches [4]. The use of segmen-
tal alloimplants is accompanied by a number of com-
plications typical for this method of replacing post-re-
section defects of long bones [5, 6]. The most frequent
of them are absence of fusion of the bone of the re-
cipient and the alloimplant, its lysis and fractures,
and instability of the endoprosthesis in allocomposite
endoprosthesic repair [7, 8].

An important issue in allocomposite endopros-
thetic repair is the reliability of the method of seg-
mental alloimplant fixation and the recipient bone. It
has been proven that the stable fixation of the alloim-
plant and its close adherence to the bone of the recipi-
ent allows achieving fusion between them. There are
several methods of bone fixation during allocomposi-
te endoprosthetic repair: the use of long legs of en-
doprostheses, a combination of short legs of endo-
prostheses and osseous osteosynthesis with plates or
cerclage sutures, the use of intramedullary blocked
rods [9]. There are also different types of osteoto-
my, such as oblique, stepped, S-shaped, transverse,
with transverse being the most currently used due
to its simplicity [10]. However, it is during the use
of transverse osteotomy that the most cases of non-
fusion of the alloimplant with the bone of the recipi-
ent are observed. Another aspect of bone alloplasty
of post-resection defects of long bones that is relevant
today is the improvement of the quality of bone al-
loimplants [11]. According to the literature, segmen-
tal bone alloimplants sterilized with y-radiation are
characterized by a violation of mechanical properties,
resulting in their fractures [12, 13]. The use of allo-

implants sterilized by deep freezing not infrequently
leads to infectious complications [14]. Taking into ac-
count this data, the improvement of methods of sterili-
zation of alloimplants continues.

A very important risk factor for the development
of complications in the use of segmental alloimplants
in patients with malignant bone tumors subject to
chemotherapy is the effect of cytostatics on the pro-
cesses of osteoregeneration, which lead to immu-
nosuppression and can affect the processes of bone
remodeling [15, 16]. Therefore, segmental bone al-
loplasty of bone defects in patients with malignant tu-
mors requiring chemotherapeutic treatment can lead
to complications (violation of the fusion of the alloim-
plant and the recipient's bone). This issue has not been
thoroughly studied.

Thus, the main problems that need to be solved
are the improvement and development of methods
of fixation of segmental alloimplants and the bone
of the recipient, the study of bone tissue remodeling
processes under the conditions of bone alloplasty and
the effect of cytostatics (chemotherapeutic drugs)
on these processes, as well as improving the quality
of segmental alloimplants.

Purpose: to determine the indications for allo-
plastic replacement of post-resection defects of long
bones (and its types) in patients with malignant bone
tumors.

Material and methods

To achieve the established purpose, we conducted
a number of experimental studies that allow us to
study morphological, biomechanical and biochemical
changes in experimental animals (rats) after bone al-
loplasty under different conditions. The stress-strain
state in the «alloimplant-recipient’s bone-endopros-
thesis» system was also studied theoretically (using
the finite element method) to determine the most
effective method of fixing allogeneic bone material
and recipient bone under the conditions of imitating
bone regeneration at different times after surgery.
Each of these experimental studies is thoroughly de-
scribed in our previous publications [17-21]. We pre-
sent a brief description of the studies and their results,
which made it possible to create a scheme, i. e. deter-
mination of indications for surgical interventions in
tumor lesions of long bones with the use of segmental
bone alloimplants.

In order to determine the most effective method
of fixation of the segmental alloimplant and the recipi-
ent's bone, models of allocomposite endoprosthetics



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2022. Ne 1-2

were proposed for in vivo study (rats). Experimental
models were developed according to three methods
(I** — transverse osteotomy of the femur with im-
plantation of an allocomposite endoprosthesis; 2" —
stepped osteotomy of the femur with implantation
of an allocomposite endoprosthesis; 37 — transverse
osteotomy of the femur with implantation of an allo-
composite endoprosthesis and autoplasty of the zone
of union of the alloimplant with the bone) and a histo-
logical and biomechanical study of the zone of union
of the recipient's bone and the bone alloimplant was
carried out at the departments of the State Institu-
tion «Professor M. 1. Sytenko Institute of Spine and
Joint Pathology of the National Academy of Sciences
of Ukraine» [17].

The stress-deformed state of the model «alloim-
plant-recipient’s bone-endoprosthesisy» in femur resec-
tion by transverse and stepped osteotomy was studi-
ed. Along the line of resection, the presence of bone
regenerate was simulated by introducing a thin layer,
which was given two different values of the modu-
lus of elasticity to simulate the state of the regenerate
3 and 6 months after surgery [18, 19].

In the experiment, the processes of bone remode-
ling after the implantation of alloosseous implants,
sterilized by various methods (y-radiation and anti-
biotic saturation), and the effect of a cytostatic drug
(cisplatin) on them were evaluated with the help
of morphological and biochemical studies [20].

The study materials were approved by the local
Bioethics Committee (Protocols No. 204 of 15.06.2020,
No. 209 of 30.11.2020).

Results and their discussion

Assessment of experimental study results

Morphological study of the femurs of rats showed
that in an increase in the plane of contact of the al-
loimplant with the recipient's bone due to stepped
osteotomy, the processes of remodeling and vascu-
larization of the alloimplant were more evident. In
experimental and control animals 6 and 9 months af-
ter endoprosthetic repair, the formation of a tight con-
nection «ceramic coating of the endoprosthesis leg-
bone tissue» was noted, which gives hope for a more
stable fixation [17].

According to the statistical data of the results of bio-
mechanical study of rat femur samples, the strength
of bones in transverse osteotomy was lower than that
of bones in stepped osteotomy both 3 and 6 months
after surgery [18].

Thus, the use of stepped osteotomy with subse-
quent fixation of the bone alloimplant to the recipi-
ent’s bone makes it possible to reduce the risk of com-

plications of surgical interventions and improve
the conditions for reparative osteogenesis in the con-
tact zone of the alloimplant and the bone of the recipi-
ent. The use of an intramedullary leg of an endopros-
thesis with a ceramic coating contributes to its better
fixation in the channel of the alloimplant and the bone
of the recipient and allows to avoid cement fixation.

Mathematical assessment using the finite element
method showed that stepped osteotomy of the femur
can reduce the level of mechanical stresses in the os-
teotomy zone by half. The study established that with
time (3, 6 months after surgery) strength indicators
improved, as the regenerate between the alloimplant
and the recipient's bone acquired greater density.

Reconstruction of an allogeneic bone implant was
studied depending on the method of its sterilization
(y-radiation or antibiotic saturation), as well as on
the use of cisplatin in the postoperative period [20].
The study showed that the drug inhibited proliferation
and stimulated apoptosis of bone marrow progenitor
cells, which are one of the sources for bone regenera-
tion. The highest content of bone tissue (58.09 %) was
found in application of an antibiotic-sterilized alloim-
plant without the administration of cytostatics, and
the lowest one in replacement of the defect with an
alloimplant sterilized with y-radiation, secondary to
administration of cytostatics.

According to the indicators of the biochemical
study of the blood of experimental rats, the highest
activity of acid phosphatase indicators was observed
in the groups where cisplatin was used, indicating
a violation of remodeling processes and the predomi-
nance of resorption over bone formation. Assess-
ment of the mineralization index in the experimental
and control groups showed a significant decrease in
the animals treated with cisplatin [21].

All the studies proved the effectiveness of the tech-
nique of allocomposite endoprosthetic repair with
stepped osteotomy and additional bone autoplasty in
the area of contact between the alloimplant and the re-
cipient's bone, which made it possible to develop and
justify the technique of allocomposite endoprosthe-
tics repair [22]. A study of the impact of y-radiation
for sterilization of bone alloimplants in combination
with systemic administration of cytostatics showed
suppression of bone tissue remodeling processes.

All studies, including those involving patients,
were carried out in compliance with international
ethical requirements; their plan was discussed and
approved at a meeting of the Bioethics Committee
at the State Institution «Professor M. 1. Sytenko In-
stitute of Spine and Joint Pathology of the National
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Fig. 1. Algorithmized scheme of a differential approach to surgical treatment of patients with long bone tumors using segmental

alloimplants to replace post-resection defects

Academy of Sciences of Ukraine» (Protocol No. 204
of 15.06.2020).

Development of a scheme of a differentiated ap-
proach regarding the determination of indications for
bone alloplasty with segmental implants in the case
of post-resection defects of long bones

These experimental studies were conducted with
the aim of identifying indications for segmental bone
alloplasty in the case of treating patients with long
bone tumors (especially malignant ones) in order to
achieve the best result and reduce the risk of develo-
ping complications. Based on the analysis of the in-
dicators of the performed studies, we have developed
an algorithmized scheme of surgical treatment of pa-
tients with tumors of long bones with the use of seg-
mental alloimplants. Based on it, a differentiated ap-
proach to the choice of surgical treatment methods
was created. Thus, in the case of a malignant bone
tumor or an aggressive benign tumor (Stage 3), which
requires only surgical treatment, it is recommended
to perform a segmental resection of the bone with re-
placement of the post-resection defect with a segmen-
tal alloimplant sterilized by y-radiation. In the case
of a malignant tumor, which requires combined treat-
ment of polychemotherapy (PCT) and surgery, it is
recommended to perform segmental resection and
replacement of the post-resection bone defect with
an alloimplant, sterilized by antibiotic saturation, or
bone reconstruction using an individual or modular
endoprosthesis (Fig. 1).

For each localization of tumor lesions, methods
of replacing post-resection defects of long bones using

Allocomposite
Metaphysial endoprosthesis
section —> (segmental bone
of a long bone alloplastic + individual
endoprosthesis)
. Segmental bone
Diaphyseal alloimplagnt + autotransplant +
section >

epiosseous intramedullary

of a long bone osteosynthesis

Segmental bone
alloimplant (with
or without preservation
of the articular surface)
blocking intramedullary
osteosynthesis

Distal
tibial metaphysis

Fig. 2. Types of segmental bone alloplasty depending on
the location of the post-resection bone defect

segmental bone alloimplants have been developed.
In particular, in the case of tumor localization in
the metaepiphyses of long bones, it is recommended
to replace the post-resection defect with an allocom-
posite endoprosthesis (a segmental alloimplant fixed
to the recipient's bone using stepped osteotomy with
the addition of bone autoimplants in the bone contact
zone, as well as an individual endoprosthesis). Under
conditions of localization of the tumor in the diaphy-
sis of the long bone, a segmental bone alloimplant
fixed to the recipient bone using stepped osteotomy
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Fig. 3. Radiograms of the right lower leg of a 68-year-old patient S. in two projections. Diagnosis: undifferentiated pleomorphic
sarcoma of the distal part of the right tibia T2NOMO stage I1, clinical group II, before surgical treatment (a), immediately after (b) and

6 months (c) after surgery

Fig. 4. Radiograms of the right thigh in two projections of a 51-year-
old patient K. Diagnosis: osteogenic sarcoma of the middle lower
third of the femur T2NOMO, stage II, clinical group 11

(on both sides, proximally and distally), an auto-bone
graft inserted intramedullary and fixed with a plate
should be used. In localization of a pathological focus
in the distal part of the tibia, it is possible to use two
methods of segmental alloplasty: an articulating bone
alloimplant or formation of a supracalcaneal-tibial ar-
throdesis with fixation by an intramedullary blocked
rod, as well as fixation of alloimplants with the re-
cipient bone using stepped osteotomy and additional
plastic repair with autografts. The choice of the form
of the bone alloimplant (articulating or without pre-
servation of the articular surface for the formation
of an arthrodesis) depends on the length of the bone
defect. For large alloimplants, preference should be
given to arthrodesis surgery (Fig. 2).

According to the developed scheme, 10 patients
were operated on. Among them, 6 with localiza-
tion of the process in the distal part of the tibia, 2 in

the diaphysis of the femur, 2 in the proximal part
of the femur. Complications were as follows: 1 (14 %)
recurrence of the tumor (adamantinoma), which led to
amputation of the limb at the level of the lower third
of the thigh; 1 (14 %) ischemic necrosis of soft tissues
in the area of the lower third of the lower leg, which
was removed, the wound was closed with the help
of skin grafting and the alloimplant was preserved.
The functional results were evaluated according to
the scales of MSTS — (71 + 14) %, which were inter-
preted as good, and TESS — (73 + 16) %.

A clinical example of the application of the deve-
loped scheme of a differential approach to the surgi-
cal treatment of patients with tumors of long bones

A 68-year-old patient S. was treated in the bone
oncology clinic of the State Institution «Professor
M. L. Sytenko Institute of Spine and Joint Pathology
of the National Academy of Sciences of Ukraine».
Diagnosis: undifferentiated pleomorphic sarcoma
of the distal part of the right tibia T2NOMO stage 11,
clinical group II (Fig. 3, a). The diagnosis was estab-
lished following a comprehensive examination (radio-
graphy, CT-oncoscreening, laboratory, histological
examination of biop y material). Considering the ma-
lignant nature of the tumor, according to the treat-
ment protocols of this nosology, it was necessary to
carry out neoadjuvant PCT, surgical intervention and
adjuvant PCT.

According to the developed scheme of indica-
tions for segmental bone alloplasty, the following
surgical intervention was chosen: removal of the tu-
mor en block, wide segmental resection, replace-
ment of the post-resection defect of the lower third
of the tibia with a segmental bone alloimplant (steri-
lized by antibiotic saturation), fixation of the recipi-
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Fig. 5. Radiograms of the right thigh of patient K.: a) after surgery; b) a year after surgery, satisfactory «standing» of the alloimplant
and metal plate without signs of bone remodeling; c) 2 years after surgery, absence of fusion of the alloimplant and the recipient’s
bone in the distal part of the femur, screw fracture and varus deformity in this area

ent bone and alloimplant with an intramedullary
blocked rod, bone autoplasty of the connection zone
of the alloimplant and the bone of the recipient. Tak-
ing into account the localization of the tumor process
and the length of the alloimplant (resection length
20 cm), a decision was made to perform an arthrode-
sis of the supracalcaneal-tibial joint (Fig. 3, b).
Six months after the operation and PCT, bone remo-
deling was noted in the contact zone of the recipient's
bone and the segmental alloimplant (Fig. 3, c).

A negative example of the use of segmental alloplasty

A Sl-year-old patient K. was admitted with pain
in the right thigh area. Following comprehensive exa-
mination he was diagnosed with osteogenic sarcoma
of the middle lower third of the right femur T2NOMO,
stage I, clinical group II (Fig. 4). According to
the treatment protocols of this nosology, combined
treatment (polychemotherapy, surgery) was recom-
mended. The patient underwent neoadjuvant PCT,
surgical intervention (removal of the tumor en block,
wide segmental resection, replacement of the post-
resection defect of the middle lower third of the right
femur with a segmental alloimplant with fixation to
the recipient bone with a plate) (Fig. 5, a). The al-
loimplant was sterilized using y-radiation. After sur-
gery, the patient received adjuvant polychemotherapy.
One year after the surgical intervention, radiography
showed a satisfactory position of the alloimplant and
the metal plate during the follow-up examination, but
no signs of bone remodeling were detected (Fig. 5, b).
Two years after treatment, the patient developed
a varus deformity of the lower third of the right fe-
mur, x-rays showed a fracture of the screws in its dis-
tal part and the absence of fusion of the alloimplant
with the recipient's bone (Fig. 5, c).

The clinical case presented by us is a vivid example
of a negative result of the use of segmental bone alloplasty.

The use of an alloimplant sterilized by y-radiation
in a patient scheduled for PCT increased the risk
of disruption of bone remodeling processes. The com-
bination of such factors as y-radiation and cytostatics
in this case led to absence of fusion of the bone al-
loimplant with the bone of the recipient, which led to
repeated surgical interventions.

Thus, the use of the bone alloplasty technique to
replace large post-resection defects of long bones has
specific features, and following clear indications for its
implementation contributes to obtaining good results
in the treatment of patients with long bone tumors.

Conclusions

Segmental bone alloplasty of large post-resection
defects of long bones remains a relevant and promi-
sing method of bioreconstruction of bones in case
of their tumor damage. It is the application of this
technique according to clear indications that will pre-
vent the development of complications and repeated
surgical interventions.

As a result of the conducted experimental studi-
es, the effectiveness of the use of segmental bone al-
loplasty with the use of stepped osteotomy has been
proven.

Sterilization of alloimplants with antibiotics has
been proven to give the best results of their incorpo-
ration compared to sterilization with y-radiation.

Indications and an algorithmized scheme for
the use of segmental bone alloimplants have been de-
veloped. Approbation of the proposed methods of sur-
gical treatment of tumor patients using segmented al-
loimplants was carried out.
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