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Abstract

The replacement of large bone defects after segmental bone resections in patients with bone tumors is an actual problem in
orthopedics. The main difficulty it causes especially in cases of disturbance of normal biomechanics. Especially when the “gold
standard” of reconstruction with bone autograft is not possible, because of the defect, which can be so extensive that any autograft
stock will be not enough. Therefore, allografts based on demineralized bone with optimal properties for osteoregeneration can
become the necessary alternative for bone replacement. Nowadays composite materials is possible to be programmed to have the
specific properties by changing its compound. After concluding the results of the literature analysis, we revealed that the allograft in

combination with additional components is comparable by its effectiveness with autograft.

As an additional component to improve osteoregeneration mesenchymal stem cells of both bone marrow and adipose tissue can
be used. However, it is noteworthy that the analyzed studies did not reveal the influence of stem cells on the tumor recurrence. So, the
authors tell about necessity of further researches. Some authors still prefer traditional methods of bone traction despite obtaining
own satisfactory results of defects reconstruction with allografts. Such opinion is based on proven effectiveness of the method,
structural stability of construction during treatment period and ability to adjust the process of bone regeneration at any stage.

Our goal was to analyze publications over the recent 10 years, which report about results of experiments and clinical studies with
performing massive bone reconstruction after bone tumor resection using auto- and allografts, or other technique. Based on the
literature analysis we have updated our previous algorithm for graft selection in replacement of large bone defects after segmental
bone resections.
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Introduction

Large bone defects replacement after segmental bone resec-
tions in patients with bone tumors remains an actual problem for
orthopedics. It is known that an autograft is the most acceptable
material for reconstructive surgery, but its usage is limited [1]. Ev-
ery graft should have certain properties - to have greater weight
bearing resistance, modeled for a defect to be filled. So here is the
problem - when the defect is much more, then it can be recon-
structed by autograft, when normal biomechanics corrupted and

structural stability of the whole bone may be corrupted [2,3].

Materials and Method
Writing our review, we searched for significant study results

for past 10 years.

Results of the Review

When replacing such defects, it is preferred using an allograft,
despite the fact that compared to an autograft there will be fewer
regeneration mechanisms involved. Also here is the need for vascu-
larization for the entire transplant, since bone restoration does not
occur due to the lack of adequate microcirculation. Thus, the size
of the implant and its vascularization are crucial for tissue viabil-
ity, nearest tendons and nerve functions [2,4,5]. The sympathetic
nervous system importantly affects the regeneration of bone tis-
sue, determining the density of future bone, the speed of reparative
processes, the activity of osteoblasts and osteoclasts [4]. This ef-

fect is partially explained by the hypothesis of the presence of 2-

adrenergic receptors in bone tissue cells [4].
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Another important graft property - its stability. Since stability
is one to determine the frequency of infectious complications oc-
currence, the speed of tissue reparative processes. In the case of
instability of the whole structure the irritation of the surrounding

tissues occurs. This is able to cause an inflammatory process, pain

syndrome and other clinical syndromes [6].

When relacing bone defects, the following oncological aspects

should be taken into account:

1. Benignancy or malignancy of resected tissue: This aspect de-
termines the surgical method of affected area resection (ad-
herence with ablasticity standards) and further medical sup-

port during the postoperative period [7-19].

1. Age: The regenerative potential of bone tissue in children is
much higher than in adults, which makes it possible to restore
the affected bone as physiologically as possible. Children re-
quire a more delicate approach, since surgical intervention
should ensure the preservation of the function and stability of
the affected segment according the dynamics of growth [20-
24].

1. Processlocalization and its type (primary or metastatic): This
aspect affects the volume of the resected area. Postoperative

chemotherapy support is selected individually [25-29].

1. In elderly with metastatic processes, surgery is often a pal-
liative measure, and surgical tactics are adjusted accordingly
[30-33].

1. In case of repeated surgical interventions at the same bone
segment, in addition with the ablastic principles, which de-
termine the volume of the resected area, it is extremely im-
portant for the regeneration of the removed bone fragment

to maintain the stability of the chosen construction [32,34].

The relevance of our literature review is due to the complex
graft rearrangement. Because in case of the huge defect, of more
than 4 cm?, the microvascular reconstruction and connected fur-

ther regeneration of bone tissue are complicated [35].

According to the literature data large bone tissue defects can be

divided into two groups:

e Defects in the bone structure, which are not affecting the bio-
mechanics of the limb, but not allowing to perform osteosyn-

thesis or arthroplasty;
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e Segmental bone defects that affect normal biomechanics and

structural stability of the bone as an organ.

This division of defects allows to create an algorithm for select-
ing a better tactic for treatment. As an alternative, instead of using
autograft, allograft can be installed. Allograft of bone tissue is based
on demineralized allograft bone, which possess the necessary os-

teoinductive properties [35,36].

Some composite materials used for bone replacement have
additional effects due to the addition of plasticizers giving elastic
properties, various drugs or even stem cells. The effectiveness of
an allograft in combination with described additional components
is comparable by its effectiveness with the autograft. Also effects
of such composition can be seen during long-term postoperative
period [37,38].

M. Gharedaghi,, et al. studies revealed that the results when us-
ing allograft to replace large bone defects after resection either
benign or malignant bone tumors almost do not differ the results
when using autologous bone [37]. The number of other authors

came to similar conclusion in their researches [33,39-48].

According to the literature data, 5-year survival rate is 73% and
above, tumor recurrency rate is less than 13%, and the authors
do not associate these cases with the allograft usage [39,43,48].
Rather, they are caused by technique errors during the surgical in-
tervention. Satisfactory results obtained using allograft in orthope-
dic oncology in pediatric patients have been reported. Meanwhile
the case of massive resorption of the entire transplant is described
[41,45,49].

When replacing the weight-bearing part of the bone with an al-
lograft, transplant revealed not being strong enough, and its 5 to
10 years survival rate varies in range from 75% to 83% [39]. In
cases with severe bone damage involving the joint surfaces there
is an indications for total bone resection with total arthroplasty
[6,50-57]. This decision due to strong ablastic protocol proved by
international oncoorthopedics guide. D.A. Miiller, et al. in such cas-
es proposed to use bone allograft in addition. Authors explain that
additional graft makes up for the lost volume of bone tissue [53],
while the autograft takes weight-bearing function. The evidence of
the effectiveness of D.A. Miiller,, et al. technique proved by other
authors. Thus, K. Nakamura reported about total arthroplasty in
combination with bone allograft implantation, which allowed to
obtain good functional results [58]. Some authors tell about the ad-
vantages of the combined bone auto- and allograft usage substan-
tiating its positive results by the fact that the autograft already had
osteogenic and MSC cells in its structure providing the stimulation

effect for bone regeneration [47,59,60].
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R. Gouron in his study showed that pediatric patients require a
special delicate approach. In cases with those young patients the
indications for certain transplant usage, should be clearly defined
[49]. Moreover, in treating major bone defects, especially when the
area is exposed to a high weight load, it is important to use a tech-
nique with a supporting and delimiting structure like a membrane.
This approach allows us to sculpt the shape of the future bone re-
generate. Analyzing the results of other studies, R. Gouron noted,
that the postoperative complications like bone defect consolida-
tion failure were revealed in 35% of patients, but all of them were
corrected at further period. Among pediatric patients, the author

described a single case of the total allograft resorption [41].

RA Glennie,, et al. reported about usage potential of allogene-
ic material in surgery right after single-unit resection of a spinal
tumor [61]. When more than one level defect reconstructing, the
authors recommend the using of bone allograft or its combination

with a cage, which is a metal hollow frame insert between the ver-
tebral bodies.

It is promising to implant the combined elastic allogeneic mate-
rial with the necessary chemotherapy, which provides controlled
desorption to confirm the effective drug presence for a certain pe-

riod.

The use of stem cells as an additional component for improving
osteoregeneration was reported by P. Avril,, et al [59]. The results
of their study showed the result using bone marrow MSCs, it had
no bone tumor relapse consequences. However, they reported that
existing lung metastases able to progress. When using adipose tis-
sue stem cells no relapse was observed either. There no effect of
MSCs on tumor cells was detected in vivo. However, the authors

talk about the need of further research to confirm received results.

In cases when unable to use allograft of autograft, some authors
prefer the hardware extension of the limb. The main positive fac-
tors of this method are its time-proven effectiveness, stability and
adjustable process of bone regeneration [62,63]. M.P. Bus,, et al.
also prefer Osteosynthesis by metal constructions in spite of their
own satisfactory results of using allograft. They explaining this by
the complication rate increasing when using allograft bone defect

replacement in a volume of more than 15 cm? [64].

In connection with the increasing allograft usage, it became
necessary to think about the need to create a virtual 3D allograft
bank. This would allow accurate selection of material, taking into
account the available research results, such as CT and MR], to re-

place major bone defects in orthopedic oncology [65,66]. There is
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also a tendency to fill such defects with 3D printed materials con-
taining a combination of bone substitute substance and allograft
[67].

Author’s algorithm for bone defects replacement

Based on the literature data, we developed an algorithm for se-
lecting an appropriate transplant to replace large bone defects af-
ter segmental bone resection. This algorithm can serve as the basis
for a differentiated treatment approach. It may also be useful in the
treatment of patients with cancer, with the additional implementa-

tion of appropriate antineoplastic measures.

We propose to divide all bone defects based on possibility of us-
ing bone autograft to replace a bone defect. The next criteria help-
ing to choose a transplant is the type of bone defect, effect on the
biomechanics and structural stability of the bone. Adopting the
whole scheme according to the possible need for additional exter-
nal bone fixation. If it is impossible to fill a large bone defect an al-
ternative methods are accepted: installation of a titanium nickelide
implant, usage of Ilizarov hardware. However, the surgeon decides
individually the issue of additional external fixation of any defect
(outside the proposed tactics) depending on the stability of the
bone damage. Also, for each patient, the question of chemothera-

peutic support should be solved individually.

The diagram is built from left to right from the most preferred

treatment option (Figure 1).

When choosing treatment tactics, first of all, we suggest to de-
term whether the size of the defect and its shape allow the use of an
autograft. The most preferred option is to use patient’s own tissue
to fill the bone defect. In the absence of autologous bone material at
the required quantity, the allo-/autograft combination or allograft
only is acceptable. If at the step of size and shape determining it
becomes clear that autologous material use only is impossible, then

we need to estimate if the bone defect affect the biomechanics.

In the case of a biomechanically insignificant bone defect, the
question of the need for additional supporting structures should be
solved. Then it is needed to decide by which material cage should
be filled: combination of auto- and/or allograft in accordance with

existing treatment methods.

Conclusion

In the presence of a biomechanically significant defect, the
choice of the method of its replacement depends on the size of the

defect. Replacing a defect with a less than 15 cm?volume can be
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Figure 1: Author’s algorithm for bone defects replacement (2017 update).

performed by various methods: intramedullary fixation with an
auto and allograft combination; bone restoration using a support-
ing cage with a combination of auto- and allograft; defect fixation
using an artificial implant (for example, titanium nickelide). How-
ever, with a defect with a volume of more than 15 cm3, it is pre-
ferred to choose hardware traction of the affected segment with-

out the usage of any implants.
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