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ABSTRACT

Over the past decade, in global practice, the frequency of using high-resolution
multi-layer spiral computed tomography (MSCT) for assessing the state of cancel-
lous and cortical bone tissue has significantly increased. Using high-resolution MSCT
makes it possible to assess X-ray bone density at various times after replacement
of cortical plate defects with osteoplastic materials.

The aim oftheresearch. To study the restoration of cortical bone density in the area
of osteoplasty using tissue-engineered construct in the experiment.

Materials and methods. In an in vivo experiment on New Zeland White (NZW)
rabbits, perforation defects of cortical bone were formed in the femoral diaphysis.
Three study groups were set up: group 1—without bone defect replacement; group 2
— with bone defect replacement with deproteinized cancellous bone; group 3 -
with bone defect replacement with tissue-engineered construct based on deprotein-
ized cancellous bone with stromal vascular fraction of adipose tissue. Follow-up
periods were 2, 4 and 6 weeks after the surgery. The X-ray density of cortical bone
tissue was measured in Hounsfield units (HU). Fragments of deproteinized human
cancellous bone were used alone and in combination with the stromal vascular
fraction of NZW rabbit adipose tissue as a bone-replacing material for bone defect
replacement.

Results. Cortical plate density the in the area of the defect in the group 3 by the week 6
is on average 1.3 times lower than that of the intact cortical plate and corresponds
to D1 according to Misch classification. Cortical plate density in the area of the de-
fect on the side of medullary canal by the week 6 in the group 3 corresponds to D1
according to Misch classification and is equal to 1351.25 + 221.18 HU (1052, 1805),
which is 1.5 times higher than in group 2 (D2 according to Misch classification;
p < 0.05). The obtained results indicate an earlier restoration of X-ray bone density
when using a tissue-engineered construct (group 3) compared to the same indica-
tors in groups 1 and 2.
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PE3IOME

3a nocneoHee decasmunemue 8 06WeMUpPO8OU NPAKMUKe 0715 OUeHKU COCMOSHUS
2ybuyamol u KopmukasabHOU KoCcmu 3Ha4umesibHO 803p0C/id Yyacmoma npume-
HeHusA MysbmucnupaneHol komnestomepHol momozpagpuu (MCKT) ¢ gbicokum
paspeweHuem, N038OAIWUM OUEHUBAMb PEHM2EHOBCKYI0 NJTOMHOCMb KOCMU
8 pAs/IUYHbIe CPOKU Noc/le 3aMmeljeHus 0eheKmos KOpMmuKaabHoU naacmuHel
ocmeonsiacmuyeckumMu Mamepuaaamu.

Ljens uccnedosanus. VI3yyume 8occmaHosieHue NJIOMHOCMU KOpMUKaabHoU
Kocmu 8 0b61acmu 0cmeoniacmuku MKaHeuHXeHepHoU KOHcmpyKyuel 8 3KC-
nepumeHme.

Mamepuanel u Memoodsl. B 3kcnepumerme in vivo Ha Kponukax auHuu New
Zeland White (NZW) 8 duagpusapHouli yacmu 6e0peHHOU Kocmu c¢hopMupo8aHsi
nepgopayuoHHsie deghekmol KOpmukasabHol naacmuHsl. CihopmuposaHel mpu
2pynnel uccinedosaHus: 1-a epynna — 6e3 3anosiHeHuUA degekma, 2-a 2pynna —
C3anosiHeHUeM deghekma 0enpomeuHU3Upo8aHHoU 2yb4amoul kocmesto; 3-A 2pyn-
na- c 3anosIHeHUeM MKaHeuHxeHepHoU KOHCmpyKyuel Ha OCHose 0enpomeuHu-
3UposaHHoU 2ybuamot Kocmu ¢ CMpoMAasbHO-8ACKyIApHOU ppakyueli Xuposou
mkaru. Cpoku HabodeHus cocmasusnu 2, 4 u 6 Hedeslb nocse onepayuu. liom-
HOCMb KOpMUKaibHOU N/1IacmuHbl Usmepsiu 8 eOuHuyax XayHcgunoa (HU). Bkaye-
cmee KOCMHO-3amelwarouje2o Mamepuasa 0718 3anoJIHeHUs KOCMHbIX 0ehekmos
ucnosb308as1U hpazmeHMel 0enpomeuHU3UPOB8AaHHOU 2yb4amou Kocmu yesioseka
U30/1UPOBAHHO U 8 COYEMAHUU CO CMPOMAsbHO-8ACKYIApHOU hpakyuel xuposol
mkaHu kponuka auHuu NZW.

Pe3synemamel. [l1omHocms KopmuKanbHoOU nidcmuHel 8 obsacmu Oegpekma
8 3-U epynne K 6-U HeOesne 8 cpedHeM 8 1,3 pa3a HUXe dHAI02U4YHO20 NoKa3ame-
J18 UHMAKMHOU KOpMUKAAbHOU nJacmuHsl U npu 3mom coomsemcmeayem D1
no knaccugpukayuu Misch. [TnomHocme KopmukabHOU n1dcmuHsl 8 061acmu
dechekma co cmopoHbl KOCMHOMO3208020 KAHANA K 6-U Hedese 8 3-U epynne
coomeemcmayem D1 no Misch u cocmasnaem 1351,25 + 221,18 HU (1052, 1805),
umo 8 1,5 pasa sbiwe, 4em 8o 2-U 2pynne (D2 no Misch; p < 0,05). MonyuyeHHsbie
pe3ysbmamel cgudemesibcmayom o 6osiee paHHeM 80CCMAHOBIEHUU peHmae-
HOBCKOU NJIOMHOCMU KOCMHOU MKAHU npu UCN0J16308aHUU MKAHEUHXeHepHoU
KOHCmMpyKyuu (3-4 2pynna) no cpagHeHuto ¢ nokazamenamu 1-0 u 2-G epynn.

Knroueeole cnosa: peHmeeHOBCKAA NIOMHOCMb, MKAHEUHXeHEePHAas KOHCMPYK-
yus, MCKT, cmpomanbHO-8ACKynApHAs ppakyus Xuposol mKaHu, KOCMHbIU
Oechekm, 0enpomeuHU3UpOBAaHHASA 2ybuamas Kocme

Ana untnpoBaHuna: AHactacmesa E.A, YeppaHuesa J1.A,, Megseguunkos A.E., Jlykn-
HoB B.J1., Kupunoa W.A. BocctaHOBNEeHMe peHTreHOBCKOW MIOTHOCTM KOCTU NpU 3ame-
WweHUn gedpekToB KOPTUKaNbHONW MAACTUHbI TKAHEUHXEHEePHO KOHCTPYKLUMEN B IKC-
nepumeHTe. Acta biomedica scientifica. 2023; 8(5): 235-243. doi:10.29413/ABS.2023-8.5.25
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INTRODUCTION

In replacing bone tissue defects, in case of restrictions
associated with the use of autografts, practical special-
ists (orthopaedic traumatologists, maxillofacial surgeons
and others) prefer materials made of allogeneic and xen-
ogeneic bone since they are widely available and have
distinctive properties [1, 2]. This is why the development
of new materials and tissue-engineered constructions
(TECs) for bone tissue repair is a promising area of activity
[2-4]. To assess the changes in X-ray density of bone tis-
sue when using TEC from allogenic bone tissue, the main
method of investigation is morphological. However, it has
limitations with regard to "vital" macro- and microscopic
assessment of bone tissue [1].

Over the last decade, the frequency of high-reso-
lution MSCT application for the assessment of cancel-
lous and cortical bone tissue has increased significant-
ly in the global practice [1, 5, 6]. Multi-spiral comput-
ed tomography (MSCT) method together with special-
ised software allows not only quantitative assessment
of bone density, but also obtaining a spatial image
with the possibility of 3D-modelling [1]. The ability to vis-
ualise changes in X-ray density of bone tissue and assess
bone and surrounding soft tissue allows for a ‘vital’ bone
assessment. Therefore, it is relevant to study these pa-
rameters at different times after bone defects replace-
ment by obtaining the necessary number of tissue con-
trast gradations [7-9].

THE AIM OF THE STUDY

To study the restoration of cortical bone density
in the area of osteoplasty using tissue-engineered construct
in the experiment.

MATERIALS AND METHODS

The study was performed on 24 sexually mature male
rabbits of the New Zealand White (NZW) line weighing
2500-2800 g. The animals had a veterinary quality certifi-
cate of health status and were kept under identical stand-
ard drinking and feeding conditions (GOST R ISO 10993-2-
2009). Fragments of deproteinized cancellous bone of hu-
man isolated and in combination with stromal vascular frac-
tion of adipose tissue of rabbit NZW line were used as bone
replacement material for filling bone defects.

According to the current standards, 3 perforation de-
fects of the cortical bone were formed in the diaphyseal
part of the femur of both hind legs of each animal un-
der general combined anaesthesia in sterile conditions
using sterile surgical instruments. Three study groups
were formed:

e Group 1 - perforation defect of the cortical plate
in sections of the diaphysis of the femur without replace-
ment;

e Group 2 - perforation defect of the cortical bone
plate in sections of femur diaphysis being filled with frag-
ments of deproteinized cancellous bone (DPCB);

e Group 3 - perforation defect of the cortical bone plate
in sections of the femoral shaft with being filled with tissue-
engineered construction based on deproteinized cancellous
bone with stromal vascular fraction (SVF) of adipose tissue
(Patent US10512659B2).

Animals were removed from the experiment by over-
dose of ether anesthesia at 2, 4, and 6 weeks after surgery.

X-ray density of compact bone in the osteoplasty area
at all follow-up periods was assessed by MSCT with an Ag-
uilion Prime 2018 tomograph (Toshiba, Sapon Medical Sys-
tems, Japan). Sagittal slices of the bone regenerate area
were processed in the multiplanar reconstruction mode
(MPR, multiplanar reconstruction); slice parameters —
120 kV, 50 mA, Bone filter, slice thickness 0.5 mm. During
the MSCT examination of the distal tibia of rabbits, the bone
density from the medullary canal and periosteum sides, as
well as the intact cortical plate density, were assessed. Cor-
tical plate density was measured in Hounsfield units (HU,
Hounsfield unit). Using the K-Pacs v. 1.6.0 software pack-
age designed for work with DICOM, ROI (Region of Interest)
tool, the cortical plate density was measured by statistical
evaluation of averaged values for each study group in three
areas: the 1st corresponded to the area of bone defect
on the periosteum side; the 2nd - to the area on the med-
ullary canal side; the 3rd - to the area of intact cortical plate.
According to the HU values, bone tissue was classified ac-
cording to Misch [10].

Descriptive statistics of continuous defect measures
were calculated as median [first quartile; third quartile]
(M [Q1; Q3]), mean =+ standard deviation (MEAN =+ SD),
minimum and maximum value (min-max). The nonpar-
ametric Wilcoxon test was used to compare the param-
eters of the defect areas with those of the intact corti-
cal plate; differences at p < 0.05 were considered statisti-
cally significant. Statistical calculations were performed
in the RStudio IDE (version 2022.07.2, build 576; RStudio
PBC, USA) in the Rlanguage (version 4.1.3, https://www.
R-project.org; Austria).

RESULTS

In the 1st study group 2 weeks after surgery, bone de-
fects with signs of poorly expressed filling with bone tissue
corresponding to the D4 type according to Misch classifica-
tion were detected (Table 1).

At the same time, the mean X-ray density of bone
in the area of bone defect on the medullary canal side
was 27 = 6.32 HU (14; 40) and on the periosteum side was
202.92 + 65.35 HU (66; 296). In the area of intact bone
plate, X-ray bone density measured 1880.88 + 475.65 HU
(1258; 3200) and was greater compared to other areas
of measurement (p < 0.001).

At 4 weeks after surgery, the X-ray density of the bone
tissue was found to correspond to the Misch D3 values
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TABLE 1

BONE DENSITY INDICES ACCORDING TO MSCT DATA IN THE 1ST STUDY GROUP (BONE DEFECT WITHOUT REPLACEMENT)

Parameter name

on the side of the medullary canal (area 1),
HU

on the periosteum side (area 2), HU

Intact cortical plate (area 3), HU

According to Misch (area 1/ area 2 / area 3)

area 1 —area2

area 1 —area 3

area 2 —area 3

Note. * —statistically significant differences (p < 0.05).

FIG. 1.

2 weeks
MI[Q1; Q3]
MEAN + SD
(min-max)

Follow-up period

4 weeks
MI[Q1; Q3]
MEAN + SD
(min-max)

Areas (measurement points)

26.5[24.75; 29.25]
27 £6.32
(14-40)

225 [155; 253.25]
202.92 £ 65.35
(66-296)

1792[1417.5; 2083]

1850.88 +475.65
(1258-3200)

4/4/1

14 [2.97; 27]
1518 £17.21
(-12-47)

907 [628; 983]
824.92 + 252.64
(349-1242)

2182.5[2073.5; 2444]
2220.33+£311.95
(1508-2850)

4/3/1

Comparison of measurement points(p)

p<0.001*

p<0.001*

p <0.001%

p<0.001%

p<0.001*

p <0.001%

6 weeks
MI[Q1; Q3]
MEAN + SD
(min-max)

29 [-46.25; 81.25]
30.5+78.01
(-84-197)

1302.5 [696; 1459]
1103.25 £ 440.15
(421-1678)

2184.5[2069; 2252]
2178.67 +268.51
(1726-2791)

4/2/1

p<0.001%

p <0.001*

p <0.001%

MSCT data at week 6 in the group 1 without bone defect replacement (processed in K-Pacs software v. 1.6.0, magnification x10)

in the defect zone on the periosteum side and to the D4
values on the medullary canal side. Herewith, the mean
X-ray density value on the medullary canal side

(15.18 £ 17.21 HU (-12; 47)) was not significantly different
from that noted at the previous study period. The X-ray den-
sity value for the defect area from the periosteal side was
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824.92 + 252.64 HU (349; 1242), which was 4.1 fold higher After 6 weeks, bone density corresponded to D2
than the one obtained after 2 weeks. in the area of the bone defect from the periosteum side

TABLE 2

BONE DENSITY INDICES ACCORDING TO MSCT DATA IN THE 2ND STUDY GROUP (BONE DEFECT WITH DEPROTEINIZED
CANCELLOUS BONE REPLACEMENT)

Follow-up period

Parameter name 2 weeks (n = 8) 4 weeks (n=8) 6 weeks (n=8)
M[Q1; Q3] M[Q1; Q3] M[Q1; Q3]
MEAN + SD MEAN + SD MEAN + SD
(min-max) (min-max) (min-max)

Areas (measurement points)

aniedeberiame b el e 1 580.5 [492; 639.25] 519.5[352.5; 660] 777 [683.5; 1032.5]

HU Y ! 575.25+130.04 529 +244.42 874.38 + 283.51
(383-759) (195-958) (575-1336)

406.5 [37.25; 601] 1399 [1368; 1409.75] 1490.5 [1351.75; 1609.5]

on the periosteum side (area 2), HU 32238 £370.1 1388.75 +32.73 1426.25 + 326.81

(-188-727) (1329-1430) (742-1774)
1749.5[1678; 1870.25] 2143.5[2094; 2339.75] 2269 [2078; 2672.5]
Intact cortical plate (area 3), HU 1826.25 + 255.89 2183.5 +226.68 2329.12+414.44
(1558-2344) (1770-2462) (1659-2852)
According to Misch (area 1/ area 2 / area 3) 3/3/1 3/2/1 2/1/1
Comparison of measurement points(p)

area 1 -area?2 p=0.195 p =0.008* p =0.008*

area 1 -area3 p=0.012*% p =0.008* p =0.008*

area2 -area3 p=0.012*% p =0.008* p =0.008*

Note. * — statistically significant differences (p < 0.05)

FIG. 2.
MSCT data at week 6 in the group 2 with bone defect replacement by deproteinized cancellous bone (processed by K-Pacs v. 1.6.0 software,
magnification x10)
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and D4 from the medullary canal side. As the follow-up
period extended, a 1.3-fold increase in the X-ray densi-
ty of bone in the defect area from the periosteum side

TABLE 3

and aslightincrease from the medullary canal side were not-
ed (Fig. 1). The density of the intact bone plate meas-
ured as 2178.67 + 268.51 HU (1726; 2791) and had differ-

BONE DENSITY INDICES ACCORDING TO MSCT DATA IN THE 3RD STUDY GROUP (BONE DEFECT WITH REPLACEMENT
BY DEPROTEINIZED CANCELLOUS BONE WITH STROMAL VASCULAR FRACTION OF ADIPOSE TISSUE)

Parameter name

on the side of the medullary canal (area 1),
HU

on the periosteum side (area 2), HU

Intact cortical plate (area 3), HU

According to Misch (area 1/ area 2 / area 3)

area 1 —area2

area 1 —area 3

area 2 —area 3

Note. * - statistically significant differences (p < 0.05)

FIG. 3.

Follow-up period

2 weeks (n=8) 4 weeks (n=8)

MI[Q1; Q3] MI[Q1; Q3]
MEAN = SD MEAN £ SD
(min-max) (min-max)

Areas (measurement points)

560 [480.5; 664.25]
572.38 +178.07
(322-834)

1028 [897.5; 1204.25]
1043.62 = 194.32
(789-1271)

435.5 [347.25; 467]
413.38 +£145.55
(158-649)

1260 [1220; 1393.5]
1294.12+110.38
(1149-1442)

1437 [1412.75; 1701.25]
1613.38 + 344.39
(1353-2172)

2303 [2155; 2542]
2341.12+213.97
(2113-2622)

3/3/1 2/2/1

Comparison of measurement points (p)

p=0.148 p =0.039*
p=0.012* p=0.021%
p=0.012* p=0.021%

6 weeks (n=8)
M[Q1; Q3]
MEAN £ SD
(min-max)

1363 [1235; 1391.25]
1351.25+221.18
(1052-1805)

1330.5[1294.75; 1383.25]
1360.75 +120.82
(1235-1580)

1773 [1669; 1847.25]
1773.62 + 149.36
(1548-1992)

1/1/1

p=0.547

p =0.045%

p =0.023*

MSCT data at week 6 in the group 3 with bone defect replacement using tissue-engineered construction based on deproteinized cancellous
bone with autologous stromal-vascular fraction as cellular material (processed by K-Pacs v. 1.6.0 software, magnification x10)
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ences with respect to the rest of the measurement are-
as (p < 0.001). The dynamics of X-ray bone density indices
in the studied areas of the bone defect in group 1, demon-
strates a gradual increase and approaching to the intact
bone density indices.

The X-ray density of bone on both the periosteal
and medaullary canal sides was consistent with D3 in the 2nd
study group 2 weeks after surgery (Table 2).

After 4 weeks, an increase in bone density indices was
observed in all areas of measurement. After 6 weeks, X-ray
density in the defect filling areas along the medullary canal
side corresponded to the D3-D2 type and increased 1.6-fold
from week 4 to week 6 (Table 2; Fig. 2). For the area of defect
replacement from the periosteum side, a slight increase in X-
ray density was observed from week 4 to week 6 of the study.

In the 3rd group 2 weeks after surgery, the X-ray
density of bone in the area of bone defect replace-
ment corresponded to the D3 type and the indices
in the 2nd group during the similar study period. The mean
bone density from the medullary canal side measured
as 572.38 £ 178.07 HU (322; 834) and from the periosteum
side as 413.38 + 145.55 HU (158; 649) (Table 3).

At 4 weeks after surgery, X-ray density of the bone corre-
sponded to D2 in the defect filling area on both the periosteal
side (1294.12 + 110.38 HU (1149; 1442)) and the medullary
canal side (1043.62 + 194.32 HU (789; 1271)). Besides, an in-
crease in these indices was observed compared to the indi-
ces after 2 weeks by 3.1 and 1.8 times, respectively (Table 3).
In the area of intact cortical bone plate, the mean X-ray den-
sity was slightly lower as compared to the indices at other
follow-up periods and corresponded to the D1 type. This
may be caused by the individual bone density characteris-
tics of the selected line of animals. The difference between
the values of the studied parameters in the area of bone de-
fect replacement and the X-ray bone density of the intact
cortical plate area was statistically significant (p = 0.021).

After 6 weeks, X-ray bone density in the area of bone
defect replacement (Fig. 3) corresponded to D1 with
evenly distributed compact and cancellous bone sub-
stance. The mean X-ray bone density indices in the area
of TEC bone defect filling were: from the periosteum side,
1360.75 £ 120.82 HU (1235; 1580), and from the medullary
canal side, 1351.25 + 221.18 HU (1052; 1805) (Table 3).
There was a 3.3-fold and 2.3-fold increase in these indi-
ces from week 2 to week 6, respectively.

The X-ray density indices of the intact cortical bone plate
after 6 weeks measured as 1773.62 + 149.36 HU (1548; 1992),
corresponded to D1 (Table 3; Fig. 3), and were not sig-
nificantly different from the X-ray bone density indices
in the defect replacement area from the medullary canal side
and the periosteum side (p = 0.045 and p = 0.023, respec-
tively). This may indicate an earlier recovery of X-ray bone
density in the defect replacement area if TEC is applied.

DISCUSSION OF RESULTS

According to the literature, three main factors in-
fluence the rate of bone remodelling and regenera-
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tion. The first factor - replacement of the bone defect
with bone-replacement material - reduces the time
of bone regeneration in the defect area. If bone-replace-
ment material obtained from the head of the human fe-
mur bone was used, according to the MSCT findings, the re-
arrangement of the implanted material was already ob-
served by the day 45[1, 11]. However, these findings have
not been confirmed morphologically.

The second factor having an influence on the rate
of bone tissue regeneration may be the proregenerative
effect of periosteum, which has a pronounced osteogen-
ic potential induced by cellular elements [12].

The third factor affecting the rate of bone repair
is the presence of cellular elements in the bone re-
placement material or tissue-engineered construction
[6,7,12].

According to the conducted study, the variability
of values of radiological density of intact cortical plate
in rabbits of NZW line was revealed, which corresponds
to the data of literature describing the variability of val-
ues of X-ray density of intact cortical plate ranging from
1080 + 439 to0 2890.0 + 63.1 HU [8, 9, 13, 14].

As the follow-up period increased in all groups,
the indices of X-ray bone density in the area of bone de-
fect replacement both on the side of the medullary canal
and on the side of the periosteum approached the indices
of X-ray bone density of the intact cortical plate.

In group 3 at week 6 of the study, X-ray bone densi-
ty in the defect replacement area corresponded to type
D1 - thick compact bone. Meanwhile, the X-ray bone
density index in the area of bone defect replacement
from the medullary canal side was 1351.25 + 221.18 HU
(1052; 1805) and was 1.5 times higher than in the group 2,
where the X-ray bone density index remained compara-
ble to that of D2-D3 (p < 0.05).

CONCLUSION

Replacement of the perforation defect of the cor-
tical plate density of the rabbit femur with tissue-en-
gineered construction made of deproteinized cancel-
lous bone in combination with stromal vascular fraction
of adipose tissue leads to faster restoration of bone den-
sity in comparison with the unfilled defect and isolat-
ed use of deproteinized cancellous bone, as evidenced
by the indices of radiological bone density at MSCT ex-
amination.
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