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Objective. To analyze the features of bone tissue formation during plasty of vertebral body defect or fracture with an allogeneic bone graft
in an experiment in vitro.

Material and Methods. Models of the vertebral body defect (fracture of the cranioventral part with penetration into the nucleus pulpo-
sus) were created in an experiment on 20 mini-pigs of the same age. Plasty of traumatic defects was performed with allogeneic bone graft
or autologous bone. CT, histological, and spectrometric studies of microscopic specimens were carried out at 14, 30, 90, and 180 day. Re-
parative osteogenesis, X-ray density, Ca and P content, and microhardness were studied.

Results. After implantation of allogeneic bone graft, an organ-specific bone similar to the recipient’s bone in morphological structure, X-ray
density, mineral composition and microhardness, was formed on the 90" day (P = 0.01). After transplantation of autobone, the regener-
ate formed by this day in the central part was in a phase of resorption and restructuring with lower indices of X-ray density, content of Ca
and P, and microhardness (P = 0.01).

Conclusion. After plasty of vertebral body traumatic defects with allogeneic bone graft, the organ-specific bone tissue is formed at an ear-
lier time and reliably exhibits greater mineralization and strength.
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The compensation of bone defects
resulting from mechanical injuries,
congenital anomalies or surgical
interventions continues to be an acute
medical and social problem [1-15].

Bone tissue possesses a fairly high
regenerative capacity, but in cases of
severe traumatic injuries, especially in
load-bearing areas, it is not sufficient for
recovery [16-22].

Bone tissue defects caused by frac-
tures of a vertebral body require recon-
structive surgical interventions and
implantation of various materials to
restore the shape of the vertebral body
and create favorable conditions for its
consolidation [23-25].

The gold standard for plastic material
is the recipient’s own bone. The follow-
ing hypothesis has been formulated: an
allogeneic bone graft created in vitro can,
after implantation into the bone bed,
rearrange into the organ-specific bone
in a shorter period of time with indices of

mineralization and strength not inferior
to the autobone [18, 19].

The objective of the study was to ana-
lyze the features of bone tissue formation
during plasty of vertebral body defect or
fracture with an allogeneic bone graft in
an in vitro experiment.

Material and Methods

All experiments were carried out in
accordance with the ethical standards
governing animal experiments within
the framework of international and
Russian regulatory documents (European
Convention on the Protection of
Vertebrate Animals of 1986, the Order
of the Ministry of Health of the Russian
Federation No. 267 of 19.06.2003 «On
approval of the regulations of Good
Laboratory Practice»).

Allogeneic bone grafts were creat-
ed on the basis of chondrografts made
from cultured chondroblasts, which were
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extracted from the vertebral body growth
plate of a newborn minipig under sterile
conditions [26]. Allogeneic bone graft is
a conglomerate of osteogenic cells and
matrix containing tissue-specific proteins
of the pre-bone tissue, mineral compo-
nents in the form of matrix vesicles and
calcifications, alkaline phosphatase and
vascular endothelial lining. The structural
composition of the bone graft is simi-
lar to that of the embryonic bone tissue.
Expression of type I collagen, fibronec-
tin, osteonectin, CD 44 and isolectin B4,
von Willebrant factor (markers of endo-
thelial cells) have been detected in the
bone graft using immunohistochemical
methods. Type II collagen, aggrecan, was
expressed in single cells in the central
part of the graft, which is a sign of the
ongoing process of transdifferentiation
[27].

The formed grafts varied in size and
ranged in volume from 6 to 8§ mm3, In
order to examine the osteogenesis on
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the basis of allogeneic bone graft and
to compare it with the osteogenesis on
the basis of the autobone we conduct-
ed a study on twenty 6-month mini-pigs
weighing 15-18 kg. The experiment was
performed under general anesthesia. The
anterior spine of the animal was mobi-
lized after the approach to the lumbar
vertebrae. The anterior longitudinal liga-
ment was peeled off at three adjacent
vertebral bodies. A cutter with a diam-
eter of 5 mm was used to create a defect
in the anteroposterior direction in two
of them (L4, L5), closer to the cranial
section, to the anterior wall of the spi-
nal canal without opening the epidural
space. The grafts were formed from the
bone produced during the creation of
traumatic defects and were used to com-
pletely fill the created defect in the distal
vertebra (L5). The defect in the superior
vertebra (L4) was loosely filled with allo-
geneic bone graft (Fig. 1).

The fracture was modeled on the
superjacent vertebra (L3). The cranio-
ventral angle was cut off using a chis-
el from bottom to top and from front
to back along the front surface of the
cranial part of the body, 7-8 mm off
the limbus. The cut-off fragment was
raised anteriorly, it became mobile, but
remained connected to the fibrous ring.
The pulpous nucleus penetrated into the
defect. 2-3 allogeneic bone grafts were
tightly placed between the fragment and
the body. On the front, the defects were
closed with a hemostatic sponge and the
detached anterior longitudinal ligament.
The vertebrae were marked with metal
markers. The wound was closed by lay-
ered closure. A control X-ray of the lum-
bar spine was performed. Animals were
withdrawn from the experiment accord-
ing to the pre-approved schedule. The
resulting macro specimens of the lum-
bar spine were subjected to macroscopic
evaluation.

There were three homogeneous series
of the experimental animals, which dif-
fered in the timing of the surgical inter-
ventions and the plastic material used.

The post-surgery observation was pet-
formed after 14, 30, 90, and 180 days.
The results of the study were evaluat-
ed using X-ray radiography of the area

of intervention. CT scans were used to
assess the bone block formation, radio-
graphic density, and bone tissue quality.

The integration of plastic material in
the recipient bed was evaluated accord-
ing to the classification of Tan et al. [10]
based on the analysis of CT scans:

1) complete fusion of the graft and
the bed, with the continuity of both
spongy and cortical bones;

2) partial fusion, the fusion of the
graft and the bed along the periphery,
however, a line of ongoing restructuring
is still visible in the central part;

3) unipolar nonunion of the graft and
bed in the cranial or caudal part, with the
fusion of the graft and the bed in another
part;

4) bipolar nonunion both on the cau-
dal and on the cranial border of the graft
and the bed, graft resorption.

The classification of Misch et al. [28]
is the most suitable one for assessing the
radiological density of the bone tissue
since it reflects not only the descriptive
characteristic of the bone tissue quality
but also provides a quantitative estimate
in Hounsfield units (HU):

D1 - >1250 HU (thick layer of com-
pact bone, poor blood supply);

D2 - 850-1250 HU (thick bone, but
with the porous compact layer and the
pronounced spongy one, good blood

supply);

D3 - 350-850 HU (thin bone with
the porous compact layer, loose structure
of the spongy layer, good blood supply);

D4 - 350 HU (loose spongy
substance).

The morphological method was used
to study the structure of the bone tissue
of the regenerate and its cellular compo-
sition. For this purpose, the specimens
for light microscopy were decalcified in
trilone B and stained with hematoxy-
lin-eosin according to van Gieson. The
study of the microhardness of the formed
bone and the recipient bone bed was car-
ried out according to Vickers on a PMT-3
apparatus using the following formula:
HV = 1.8544 x p/d% where H is micro-
hardness, p is the load on the indenter, d
is the diagonal of the indenter footprint.
The arithmetic average of the diagonal
values of the indenter footprints on the
trabeculae of the studied bone area was
taken as a value of d in calculating the
microhardness [29].

The analysis of bone mineral satura-
tion is aimed at determining the con-
tent of Ca and P as the main components
of the bone tissue, mainly represented
by hydroxyapatite crystals [30], whose
chemical composition corresponds to
the formula Ca,,(PO,)s(OH),. The ana-
lysis of the mineral composition and the
determination of Ca and P content was
carried out on a Carl Zeiss EVO50 scan-
ning electron microscope, since the spec-
troscopy provides greater accuracy.

Fig. 1
Allogeneic bone graft in a Petri dish (2) and in a vertebral body defect (b)
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Three areas were evaluated in all types
of studies: the central (R1) and periph-
eral (R2) zones of the graft and the zone
adjacent to the area of implantation (R3).
To determine the study area, a circle was
drawn around the area of implantation,
whose radius was divided into two equal
parts (R1, 2 = Rtotal/2), where R1 = R2.
Also,R1 =R2=R3.

The studies were performed in the
circles whose diameters were equal to
values of R1, 2, 3 (Fig. 2-4).

The values recorded during the study
were presented using descriptive statis-
tics. Due to the small sample size, the
interval variables are presented as non-
parametric statistics, for which the medi-
ans and quartiles were calculated.

The comparison of groups based on
quantitative indicators was performed
using the unpaired Mann-Whitney rank
nonparametric criterion. In the case of
pairwise comparisons, the differences
were considered statistically significant
at a level of less than 0.05. In the case
of multiple comparisons, the differenc-
es were considered significant when the
Bonferroni adjustment was taken into
account: for comparison of five pairs,
the threshold level of alpha was taken
to be 0.05/5 = 0.01; of six pairs - 0.05/6
= 0.008333; of seven pairs — 0.05/7 =
0.00714.

Statistical analysis was performed
using IBM SPSS Statistics software (ver-
sion 21.0).

Results

The CT examination of the macroscopic
specimen demonstrated that on Day 90
the type 1 allogenic bone graft fusion
with the bed occurred in all cases in
series I and III of the experiment, while
in series II, where the autobone was
used for the bone block formation, the
fusion could be characterized as types 3
and 4 by this time point. The complete
formation of type 1 bone fusion had been
achieved only on Day 180. Remarkably,
in series I and II, changes in the X-ray
density run in the opposite directions
up to 30 days from the beginning of the
experiment. The X-ray density of the
newly formed bone tissue in series I and

11, where the allogeneic bone grafts were
used, gradually increased up to the final
term of 180 days, while in series II this
parameter constantly and significantly
decreased during the first month, and
only afterwards did it start to increase.
After 180 days the X-ray density of the
newly formed bone was the same in all
series (Fig. 5).

When autobone was used (series 1I),
the distribution of X-ray density with the
increase at point 2 corresponded to the
formation of bone tissue identical to that
of the vertebral body in the zone adja-
cent to the recipient bed, and incomplete
osteogenesis in the central part of the
autobone and in the zone not in contact
with the bed (Fig. 6). Therefore, osteo-
genesis using autobone proceeds from
the periphery to the center. Statistical sig-
nificance of the differences is confirmed
by the ratio between the overall index of
the X-ray density of the autografts and
the values observed in the vertebral body,
which are 1.28 times higher (P =0.01).

The indices shown in Fig. 5 are con-
firmed by morphological study, which
revealed identical dynamics of the bone
block formation.

After 90 days, the bone tissue of the
trabecular structure was formed in the
area of the cranioventral fracture of the
vertebral body; the elements of the allo-
geneic bone graft were not differentiated
clearly. There was a continuous transition
of both the bone trabeculae and the ves-
sels following from the vertebral body
through the area of plastic replacement
to the cranioventral angle. The trabecu-
lae formed a looped net with a tenden-
¢y towards longitudinal direction. Nota-
bly, there was a thickening of the ventral
compact plate. Osteoblasts were evenly
spaced inside the bone trabeculae and
there were no gluing lines. There were
osteoblasts around the bone trabeculae,
which indicates the formation of organ-
specific bone tissue in the area of the
former fracture. The space between the
bone trabeculae was filled with myeloid
bone marrow (Fig. 7a). Similar develop-
ments were observed at the same time
in the area of filling the defect with the
allogeneic bone graft (Series [; Fig. 7b).
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There were fragments of the autograft
in the central zone of the graft; bone tra-
beculae were located in the connective
tissue. There were also fragments of new-
ly formed bone tissue, which was formed
on the periphery, in the area of the recip-
ient bed, and was closely adjoined to the
area of the bone tissue defect. The space
between the young bone trabeculae on
the periphery is filled with bone marrow
and vessels. Active osteogenesis contin-
ued at the junction of the recipient bed
and the graft, while resorption and osteo-
genesis continued in the central part.

The morphological picture on Day 90
indicates the absence of complete bone
tissue regeneration in the area of auto-
bone grafting (Fig. 7¢).

Microhardness values are the same at
all points of the allogeneic bone graft;
the average difference between points
1, 2 and 3 was 0.53 HV (P = 0.392; P =
0.695; P = 0.569 between points 1 and
2, 1 and 3, 2 and 3, respectively). The
microhardness of the regenerate at this
time point differs from the microhard-
ness of the vertebral body on average
1.06 times (by 4.83 HV) in favor of point
4, which is statistically significant (P =
0.01; P=0.01; P = 0.01 for points 1, 2
and 3, respectively). Overall indices are
1.03 times (2.95 HV) lower than those
for the vertebral body, which is statisti-
cally significant (P = 0.01); however, it is
a clinically insignificant difference which
points to a completed process of bone

Fig. 2
Determination of study area
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mineralization in the area of allogeneic
bone graft substitution (Table 1).

In series I, there were no significant
differences in Ca/P values between points
1, 2 and 3 after 90 days (P =0.857/0.959;
P =0.474/0.755; P = 0.348/0.783
between points / and 2, I and 3, 2 and
3, respectively), which may indicate a
uniform process of mineralization in all
zones of allogenic bone graft and the

completion of the osteogenesis. After 90
days, there were no significant differenc-
es between the graft and vertebral body
(P =10.073/0.103; P = 0.06/0.160; P =
0.007/0.083; P = 0.009/0.05 for points 1,
2, 3 and overall indices, respectively). The
only significant difference was observed
for Ca spectrometry at point 3, which
corresponds to 1.08%, however it was not

Fig. 3

Measurement areas for replacement of a vertebral body defect in series I and II: 1 —
regenerate center; 2 — the edge of the regenerate adjacent to the bed; 5 — the edge of
the regenerate, not adjacent to the bed; 4 — the edge of the recipient bed adjacent to
the regenerate

Fig. 4

Measurement areas for fracture of the cranioventral vertebral angle in series IIL: 1 —
regenerate center; 2 — the edge of the regenerate adjacent to the bed; 5 — the edge of
the regenerate, not adjacent to the bed; 4 — the edge of the vertebral body adjacent to
the regenerate; 5 — edge of the cranial ventral angle adjacent to the regenerate
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clinically significant in in vivo conditions
(P=0.007; Table 2).

On Day 90 after the surgery, the stu-
dies of Ca/P values in series II revealed
their decreasing along with a distance
of points from the recipient bed. The
lowest amount of Ca/P was reported for
points 7 (9.89 [9,11; 10.91]/6.89 [5.81;
8.03] %) and 3 (11.51 [10.84; 12.89]/7.36
[6.79; 8.25] %); the highest was reported
for point 2 (14.79 [13.86; 15.21]/10.97
[1042; 11.74] %), which is in the direct
contact with the recipient’s bed. In the
vertebral body, these values are equal
for point 4 (16.61 [15,19; 17.47)/13.87
[12.52; 14.9] %). The data obtained indi-
cate a significant non-uniformity of the
mineralization process during osteogen-
esis based on autograft (P < 0.008333;
in all cases, the differences obtained are
statistically significant, except for point
1 vs. point 3 in P spectrometry, for which
P=0.119, which is a statistically insignifi-
cant; Table 3).

On Day 90 after the surgery, the high-
est values of microhardness in series I
were observed for point 4 (81.8 [80; 83.4]
HV) which denotes the vertebral body;
point 2 was the second one in terms
of its values, which differed only by 2.5
HV (P = 0.005) from point 4 (statisti-
cally insignificant difference). The lowest
values were observed for points 1 (64.7
[59.1; 67.4] HV) and 3 (69.9 [67.3; 74.9]
HV) which are equally distant from the
recipient bed; these values do not con-
form to the microhardness of the ver-
tebral body, which indicates the ongo-
ing process of bone tissue formation at
the points located at a distance from the
bone bed (P=0.01 and P =0.01, respec-
tively); the differences are statistically sig-
nificant. In this case, the regeneration of
a vertebral body defect proceeds from
the feeding recipient bed to the central
part of the autograft, and therefore the
microhardness index at the central point
is lower compared to points 2 and 3 (P=
0.01 and P = 0.01, respectively); the dif-
ferences in pairwise comparisons are sta-
tistically significant.

By Day 14 the values were distribut-
ed as following: The differences in the
X-ray density of bone tissue at all points
of the allogeneic bone graft were statis-
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tically insignificant, not exceeding 8 HU
(P=0.637; P=0.842; P = 0.892 between
points I and 2, I and 3, 2 and 3, respec-
10004 tively), which indicates relative homoge-
neity of the X-ray density inside the graft.
800 Compared to the values for the vertebral
body, the values for points I, 2 and 3
were on average 6.04 times lower than
100 the value at point 4 (1079 [1046; 1127]
HU (P = 0.01 for each point)); the dif-
2204 ferences obtained are statistically signifi-
cant and indicate a non-conformity of
14 30 %0 180 ' Days the X-ray density of allogeneic bone graft.
In confirmation, the regenerate density
—f—  allogeneic bone graft ~ —@— autobone graft (180 [157; 200] HU at the time of the
first control) which corresponded to the
type 4 according to the Misch classifica-
Fig. 5 tion, had significantly lower values, with
Bone tissue density in series I and 11 5.99-fold difference relative to the verte-
bral body at point 4 (P = 0.01); the differ-
ences are statistically significant.

The differences in X-ray density
between points 4 and 5, corresponding
to a fragment of the vertebral body, are
considered separately. 14 days after the
surgery, the differences were statistically
insignificant and amounted only to 10
HU (P =0.258).

On Day 30, the X-ray density of the
allogeneic bone graft increased in com-
parison with Day 14, and the localiza-
tion of the area relative to the recipient

1200

600

HU

bed does not affect the degree of osteo-
Fig. 6 genesis process, which is confirmed by
Data of MSCT of vertebral body with bone tissue defect substituted with allogeneic bone the absence of statistically significant
graft (a) and with autobone (b), on Day 90 differences between points I, 2 and 3

Fig. 7

Data of the light microscopy on Day 90 after the implantation, hematoxylin-eosin staining: a — in case of fracture of the cranioventral
angle and plasty with allogeneic bone graft (series IIT); b — in case of regeneration of a vertebral body defect based on allogeneic bone
graft (series I); ¢ — in case of regeneration of a vertebral body defect on the basis of autobone (series II)
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(P =0.509; P = 0.804; P = 0.87 between
points I and 2, I and 3, 2 and 3, respec-
tively). However, there is an insignificant
tendency at point 2 to be ahead of oth-
er points of the allogeneic bone graft in
terms of the X-ray density, if we eval-
uate the measurements in subsequent
observations. The highest value of the
X-ray density was observed at the point 4
(1030 [987; 1058] HU), which on average
was 2.62 times higher than the values in
the area of the allogeneic bone graft. The
X-ray density of the vertebral body was

compared with the overall index for the
regenerate (397 [349; 434] HU), which
already corresponded to Misch type 3.
The values of the overall density of the
regenerate were 2.89 times lower than
those at point 4 (P = 0.01). It confirms
the accuracy of values for points I, 2 and
3 obtained in the above-mentioned sep-
arate analysis, in which the differences
in pairwise comparison are statistically
insignificant.

After Day 30, the difference in the val-
ues between points 4 and 5 was 28 HU,

Table 1

Microhardness of the bone tissue in series I (90 days), HV

Point 1 Point 2 Point 3 Overall index Point 4
86.9 87.5 88.95 91.9
[83.1;89.1]* [84.1;89.8]* [84.4;89.2]* [86.1;91.2]* [89.1;94.1]

The values are presented as Me [Q25; Q75],n = 12, P < 0.008333;

*the result is statistically significant relative to point 4.

Table 2

Study areas

Point 1
Point 2
Point 3
Overall index

Point 4

The data from spectrometric studies of the bone tissue in series I (90 days), %

Ca

17.72 [16.22; 18.72)

17.75 [16.59; 18.57)

17.09 [15.81;18.20] *

17.44 [16.22; 18.57)

18.17 [17.32; 19.42)

The values are presented as Me [Q25; Q75],n = 12, P < 0.008333;

*the result is statistically significant relative to point 4.

Examined component

13.95 [13.16; 15.10]
14.08 [12.71; 15.84]
14.16 [12.71; 15.23]
14.07 [12.94; 15.24]
14.54 [13.39; 16.71]

Table 3

Study areas

Point 1
Point 2
Point 3
Overall index

Point 4

Bone tissue spectrometry in series IT (90 days), %

9.89 [9.11; 10.91 ) * /** /***
14.79 [13.86; 15.21])* /**
11.51 [10.84; 12.89]* /***
12.53 [10.02; 13.57] *
16.61 [15.19;17.47]
The values are presented as Me [Q25; Q75],n = 12, P < 0.008333;
*the result is statistically significant relative to point 4.
**the result is statistically significant inside the graft relative to point 3;

***the result is statistically significant inside the graft relative to point 2.

Examined component

6.89 [5.81;8.03])*/***
10.97 [10.42; 11.74]*/**
7.36 [6.79; 8.25]* /***
8.03 [6.89; 10.42]*
13.87 [12.52; 14.90]
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which is higher than at the control after
14 days, however taking into account the
subsequent results, we considered this to
be a statistically insignificant difference
(P=0.141).

After 90 days, the values of the X-ray
density of the allogeneic bone graft con-
tinues to increase at all points with a
slight predominance at point 2 (1076
[987; 1140] HU) over the points I (1009
[941; 1090] HU) and 3 (1020 [983; 1082]
HU, P = 0.109 and P = 0.1606, respec-
tively), which is a statistically insignifi-
cant difference. The differences between
points I and 3 of the regenerate were
only 11 HU (P=0.741), which is statisti-
cally insignificant. By Day 90, all values of
the X-ray density of allogeneic bone graft
at points 1, 2 and 3 conformed to those
of the vertebral body bone tissue at point
4 (1075 [1004; 1124] HU, P=0.042; P =
0.867 and P = 0.084, respectively), which
is also a statistically insignificant result.
The values of X-ray density show the
leveling of values of the allogeneic bone
graft and the vertebral body, indicating
complete osteogenesis. Such conclusions
are supported by comparing the over-
all density of the regenerate (1041 [972;
1098] HU) with the values for the verte-
bral body, where the 1.03-fold difference
was seen as statistically insignificant (P =
0.107) under the conditions of the pres-
ent study.

On Day 90, the values of the X-ray
density of the fragment leveled off com-
pared with those of the vertebral body;
the difference between them decreased
2.8 times and amounted to 10 HU. The
differences are statistically insignificant
(P=0.731).

After 180 days, the X-ray density of
the allogeneic bone graft at points 1, 2
and 3 conformed to the density of the
vertebral body (1056 [1031; 1130] HU)
and on average even slightly exceed-
ed the values at point 4 (by 26.33 HU)
which were reduced by 19 HU, that is,
they were 1.03 times higher (P = 0.545;
P = 0423 and P = 0.667, respectively),
which is a statistically insignificant differ-
ence in all pairwise comparisons. There
were no statistically significant differenc-
es between the values in the graft area
(P=0.627;P=0.958; P =(0.735 between
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points 7 and 2, I and 3, 2 and 3, respec-
tively). The values for points in the regen-
erate area are on average 4.16 times clos-
er to the fragment density than to the
density of the vertebral body, which may
indicate an acceleration of the repara-
tion processes in the indicated zones. The
overall index of the X-ray density of the
regenerate was 1083 [1035; 1128] HU,
which corresponds to the Misch type 2;
the 1.03-fold difference was found to be
statistically insignificant relative to the
values for the vertebral body (P = 0.01).

The values in the fragment zone and
in the region of the vertebral body had
slightly higher differences than during
the previous control (24 HU), but the
difference remained statistically insignifi-
cant (P =0423; Table 4).

90 days after the surgery, similar val-
ues were obtained from all points of
the allogeneic bone graft and they reli-
ably conformed to the bone tissue of
the vertebral body at point 4 (P = 0.787,
P =0.696 and P = 0432 for points 1, 2
and 3, respectively). The microhardness
of the former fragment also reliably con-
formed to the bone tissue of the vertebral
body, which may indicate the consolida-
tion of the fracture and restoration of
an adequate blood supply to the cut-off
fragment (P = 0.867; Table 5).

The study of spectrometric data
showed that Ca/P content of the verte-
bral body at point 4 was equal to that
of the cranioventral angle at point 5
(P =0.703 / 0.715); no statistically sig-
nificant differences were found in the
pairwise comparison. Similarly, the
amount of Ca/P in allogeneic bone
graft at points I, 2, 3 was not signifi-
cantly different to that in the vertebral
body, which may indicate the complet-
ed process of bone graft mineralization
(P> 0.01). The difference in Ca/P values
within the region of plastic replacement
by bone graft was estimated as insignifi-
cant (P = 0.342/0.774; P = 0.677/0.223;
P=0.195/0.115 between points I and 2,
I and 3, 2 and 3, respectively).

The data obtained by Ca spectrometry
for the control regions of allogeneic bone
graft, vertebral body and cranioventral
angle did not reveal significant differ-
ences between them, which may indicate

uniform osteogenesis in all studied zones
(P> 0.01 for all points).

The data obtained by P spectrom-
etry for the bone graft control regions
have significant differences relative to
the data for the vertebral body (P =0.01;
P =10.01; P =0.01 for points 1, 2 and
3, respectively). The difference revealed
by Ca spectrometry between overall val-
ues for the regenerate and those of the
vertebral body turned out to be signifi-
cant (P = 0.01). However, they are not
clinically significant in in vivo conditions
(Table 6).

Discussion

A comparative assessment of allogeneic
bone graft with autograft has been
conducted. It has been established that
obvious significant results were achieved
in all series in the study on Day 90
from the beginning of the experiment;
the values of X-ray density and
microhardness are directly proportional
to each other.

Allogeneic bone graft was investigat-
ed in series I and III with different types
of surgery. In the series with the forma-
tion of a bone defect in the vertebral
body and its subsequent plasty by the
bone graft (series I), the X-ray density
and microhardness at the points inside
the regenerate conformed to those in
the vertebral body, which may indicate
a completed process of osteogenesis
(P > 0.01). Such distribution of param-
eters in different surgery models indicates
a complete formation of bone fusion and
block, and indirectly about bone tissue
mineralization, and uniform regenera-
tion process in all parts of the bone graft,
regardless of the proximity of the point
to the recipient bed.

In series 111, despite the penetration
of the nucleus pulposus between the cra-
nioventral fragment and the body, the
plasty with allogeneic bone graft in the
plane of the artifactual fracture ensured
the fusion with the formation of the
bone identical in qualitative and quanti-
tative parameters to the vertebra.

In this case, the X-ray density contin-
ued to increase synchronously in direct
proportion to the values of microhard-
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ness, with a slight predominance towards
the edge of the graft. Moreover, all values
of these parameters at points I, 2 and 3
on Day 90 were in line with the values
of the bone tissue of the vertebral body
(P > 0.01), which indicates the consoli-
dation of the fracture and the restoration
of adequate blood supply in the cut-off
fragment.

The rate of mineralization in the allo-
geneic bone graft was estimated spec-
trometrically. The Ca/P values inside the
graft between the points in each series
indicated that the process of osteorepa-
ration proceeds uniformly (P > 0.01). The
assessment of the values for a particular
point under the conditions of different
models of damage revealed the following:

— the directly proportional relation-
ship between the content of Ca and P for
X-ray density and microhardness;

— allogeneic bone graft retained the
rate of mineralization, regardless of the
modeled defect and the intervention
performed.

According to Ca/P spectrometry, after
90 days the difference between values
within the area of plastic replacement
with the allogeneic bone graft and those
of the vertebral body is estimated as
insignificant (P > 0.01), which indicates
the completed process of mineralization.

Considering separately the data
obtained for the use of the autobone in
the model of vertebral body defect, we
found that differences in the X-ray den-
sity between the graft and the vertebral
body remained statistically significant
(P < 0.01) on Day 90. The distribution
of X-ray density with its increase in the
zone adjacent to the recipient bed, and
the incomplete process of bone forma-
tion in the central part of the autograft
and in the zone not in contact with the
bed were observed. We can claim that
the process of bone tissue formation pro-
ceeds from the periphery to the center.
The change in microhardness was direct-
ly proportional to the X-ray density. The
fact that we observed the same relation-
ships when using a graft of a different
nature testifies in favor of a link between
these parameters. The microhardness
values in this experimental model do
not conform to that for the vertebral
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Table 4

X-ray density of bone tissue in series I1I, HU

Time after Point 1 Point 2 Point 3 Overall Point 4 Point 5 Type according to Misch et al.

grafting, index [27] classification

days regenerate  vertebra  fragment

14 173 181 182 180 1079 1067 4 2 2
[157;199]* [158; 205] * [157; 202]* [157; 200] * [1046;1127] [982; 1092]

30 387 410 384 397 1030 1002 3 2 2
[344; 423]* [347; 434]* [345; 444])* [349; 434]* [987; 1058] [975; 1027]

90 1009 1076 1020 1041 1075 1065 3 2 2
[941; 1090] [987; 1140] [983; 1082] [972; 1098] [1004; 1124) [1022;1173]

180 1074 1090 1083 1083 1056 1080 2 2 2

[1022;1155]  [1030;1130]  [1035;1121]
The values are presented as Me [Q25; Q75],n = 22, P < 0.00714;

(1035;1128]  [1031;1130]  [1048;1110]

*the result is statistically significant relative to point 4.

body, which indicates the ongoing pro-
cess of bone tissue formation (P < 0.01).
The distribution of values is clearly vis-
ible with an increase from the center to
the periphery. The microhardness val-
ue in the central zone of the graft is less
pronounced in relation to other areas.
According to the data of Ca/P spectrom-
etry, mineralization in the autograft is
uneven. The data obtained after 90 days

show significant differences between
the graft points and the vertebral body
(P <0.01) and between the points inside
the autograft (P < 0.01). Remarkably, an
experimental model using an autograft,
rather than that using allogenic bone
graft, demonstrated a tendency for a
directly proportional change in the indi-
ces of Ca and P spectrometry. The data
suggests continued bone formation; min-

Table 5

Microhardness of the bone tissue in series I1T (90 days), HV

The values are presented as Me [Q25; Q75],n = 12, P < 0,00714.

Table 6

Study areas

Overall index
Point 4
Point 5

Bone tissue spectrometry in series I1T (90 days), %

16.67 [16.31; 17.20]
17.11 [16.52; 17.66]
17.04 [16.74; 17.56]
The values are presented as Me [Q25; Q75],n =12, P < 0,00714;

*the result is statistically significant relative to point 4.

Examined component

12.90 [12.49; 13.48]*
14.61 [13.04; 15.40]
14.63 [13.84; 15.66)
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eralization is uneven, proceeding from
the periphery to the center of the auto-
graft by the type of creeping substitution,
the absence of a complete bone block is
established morphologically.
Osteogenesis in the autograft was sig-
nificantly slower than in allogeneic bone
graft (P < 0.01). For example, for series
[ and II, it was possible to visualize the
rate of formation of bone tissue using
X-ray density, the distribution of which,
as shown above, is identical to that for
microhardness. In case of plasty of the
defect (series I and II), after 30 days, the

Point 1 Point 2 Point 3 Overall Point 4 Point 5 process of resorption in the peripheral
index part of the autograft begins accompanied

by an increase in the bone graft density,

87.8 87.8 87.1 87.8 88.3 88.0 which demonstrates the active process
(85.2;90.9]  [85.2;91.4]  [851;90.8]  [85.2;90.9]  [84.6;92.1]  [86.0;90.2] of bone block formation. Mathematically

significant differences compared to the
values of the vertebral body appeared
with the higher density of the allogeneic
bone graft (P < 0.01). The described dis-
tinction is leveled out after 180 days.

Ca P Conclusion
Point 1 16.66 [15.78; 17.27] 12.97 [12.80;13.35] * In the case of bone defect plasty with the
Point 2 16.90 [16.48; 17.24] 13.03 [12.38; 13.71]* allogeneic bone graft, the bone formation
Point 3 16.63 [15.97; 17.14] 12.70 [12.06; 13.18] * proceeds uniformly in all zones of

the recipient bed, without statistically
significant differences (P < 0.01),
according to the type of angiogenic
osteogenesis, regardless of the damage
model, and after 90 days it is completed
(P <0.01). By this time the bone tissue
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is formed and its quality, strength
characteristics, microhardness index
and mineral composition are identical
to the bone tissue of the vertebral
body (P < 0.01 for each diagnostic
criterion). A plasty of the defect with

the autograft revealed a statistically
significant difference in bone tissue in
the central zone in terms of quality,
strength characteristics, microhardness
and mineral composition, which were
inferior to the bone tissue formed in the
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peripheral zones of the recipient bed and
the vertebral body.
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