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The purpose of the study was to determine the dynamics of histoarchitectural reconstructions of bone-ceramic
regeneration after augmentation of an experimental defect of the lower jaw of a rabbit with an osteoplastic material — natural
collagen. Despite the already-known results of using osteoplastic materials in clinical practice, complete and high-quality
regeneration of the bones of the maxillofacial area, its mechanisms, and dynamics remain incompletely understood and require
clarification and detailing. Sexually mature male rabbits aged 6—7 months, weighing 2.5-3 kg, were used for the study. The control
group included animals with a bone tissue defect that healed under a blood clot. The experimental group consisted of rabbits in
which the bone defect was filled with natural collagen. Control of the post-traumatic state of bone tissue in the area of the defect
was carried out for 84 days. Ultrastructural changes were studied by scanning electron microscopy. Three parameters were
calculated to determine changes in the composition of the regenerate. The data were analyzed using Student's t-test. The difference
at p<0.05 was defined as statistically significant. The study of the surface relief features of the experimental lower jaw bone defect
after implantation with Col-C material in animals revealed numerous regenerative changes after injury. It differed from reparative
osteogenesis in the control group. Most osteons that regenerate near the outer bone plate do not differ from the typical structure of
the native bone. However, in contrast to the group of control animals, the bone plates between the neighboring osteons were weakly
structured. A morphometric study of the relative volume of the osteoplastic material in the regenerate established a gradual decrease
in the material's content until its almost complete bioresorption.

Key words: rabbits, mandible, maxillofacial apparatus, regeneration, osteoplastic materials, collagen, morphometry,
scanning electron microscopy.

I.B. YUernanoBa

MOP®OJOTTYHA XAPAKTEPUCTHUKA PETEHEPAIII KICTKA HAKHBOI IIEJEITA
B EKCHHEPUMEHTI ITPU 3ACTOCYBAHHI HATYPAJIBHOI'O KOJIAT'EHY

Meroto mocinimxeHHs O0yJI0 BU3HAYUTH AUHAMIKY TiCTOApXiTEKTYpHHUX NepeOyaoB KiCTKOBO-KepaMidHOTO pereHepary
MICJIsl ayTMEHTalil eKCIIEPUMEHTAIBHOTO Ae(EKTY HIKHBOI MIETENH KPOIHWKa OCTEOIUTACTHYHAM MaTepiajoM — HaTypaJlbHUM
KoyareHoM. He3Baxkaroun Ha BXKE BiJOMi pe3yJbTaTH 3aCTOCYBaHHS OCTEOIUIACTUYHHMX MaTepialiB y KIIiHIYHIM NPaKTHLl, TOBHA
Ta SKiCHAa pereHepallis KiCTOK MIEJCMHO-IUICBOT AUISHKH, I MEXaHI3MU Ta JTUHAMiKa 3IMIIAIOTHCS HE JO KIHIS BUBYCHUMHU,
noTpeOyIOTh YTOUHEeHHS 1 AeTanizauii. [ qocmimKeHHs! BAKOPUCTOBYBAIH CTaTEBO3PUINX KPOJIUKiB-CaMI[iB BIKOM 6—7 MiCSIIiB,
Baro 2,5-3 kr. JIo KOHTPOJbHOI TPyNHU yBIHILIA TBApUHU 3 Ie()EKTOM KiCTKOBOI TKAHMHH, SIKHI 3arOIOBABCS i KPOB’SIHUM
3rycTKOM. EKCIIepHMEHTaNIbHY TPYIy CKJIaJalld KPOJMKH, Y SKHX KICTKOBHI Je(eKT 3allOBHIOBAIM HATypaJbHUM KOJArCHOM.
KoHTponb MOCTTpaBMaTHYHOTO CTaHy KiCTKOBOI TKAaHWHH B AUISHII Ie(EKTy 3IiHCHIOBAIN BIPOAOBK 84 ni0. YIbTpacTpyKTypHi
3MIHM BHBYAJIM METOJOM CKaHYIOUOI eJIeKTPOHHOI Mikpockomii. [l BU3HAUECHHS 3MiH CKJIaay pereHepary BHKOPHCTOBYBAIM
HipaxyHOK TPhOX MapaMeTpiB. [aHi mpoaHalizyBajiu 3a 10IOMOrow t-kputepito CtbrofieHTa, pisHuLio mpu p<0,05 Bu3HAYMIH
SIK CTATHCTHYHO 3Hauymly. JocmimkeHHS 0cOOIMBOCTEH penbedy MOBEPXHI EKCIEPHUMEHTAIBHOTO KiCTKOBOTO IE(EKTY HIKHBOT
LIeNeNny Mmiciisl iMIutanTanii TBapuHaM matepiany Kon-K 103Bosmino BUSIBUTH YMCIICHHI pereHepawiiiHi 3MiHH, 10 BiAOyBaIucs
ITiCIIst HAHECEHHsI TPaBMH Ta BiIPi3HSUIHCS Bil perapaTUBHOIO OCTEOTeHE3y B KOHTPOJIBHIH rpymi. BirbmicTs ocTeoHIB perenepary
MoOJIN3Y 30BHIIIHBOI KICTKOBOI IJIACTHHKH 32 CBOEIO OYZOBOIO HE BiPi3HSIACH BiJ] THIIOBOT OYIOBH MaTepUHCHKOI KiCTKH, TIPOTE,
Ha BiZIMiHY BiJl TPYyITH KOHTPOJIBHUX TBaPUH, MXK CYCIZIHIMH OCTEOHAMH MiCTHIIHCS cJ1ab0 CTPYKTYPOBaHi 3a FeOMETPi€l0 KiCTKOBI
IACTUHKU. Mop(hoMeTpruyHe BUBYCHHS BiJHOCHOTO 00’ €My OCTEOILIACTHYHOTO MaTepialy B pereHepari BCTAHOBUIIO ITOCTYIIOBE
3HIKEHHSI BMICTY MaTepially 10 Maibke IOBHOI ioro 6iope3opouii.

KurouoBi ciioBa: Kposuku, HYOKHS LIesIena, 3y OoIeNenHuii arapaT, pereHepalisi, OCTeoIIaCTU4HI MaTepiaiy, KoiareH,
MopdoMETpisl, CKaHyrOUa SICKTPOHHA MIKPOCKOIIIsL.

The study is a fragment of the research project “Morphofunctional and immunohistochemical features of tissues and
organs in normal and pathological conditions”, state registration No. 0122U000168.

New technologies for restoring bone tissue are prioritized in dentistry and traumatology [14].
Defects of the jaws resulting from infections, trauma, tumors, or congenital abnormalities are common.
The literature reviews show that surgical intervention using bone substitutes is necessary in such cases [5,
9]. The most abundant protein in the bone matrix is type I collagen, which forms a triple helix structure
that provides structural support and mechanical strength [4], biocompatibility, cell adhesion, and
osteoconductivity [7]. Despite its advantages, collagen has disadvantages, such as low mechanical strength,
rapid decomposition, and lack of osteoinductivity, which significantly prevent its widespread use in clinical
practice. [7, 8]. The process of collagen synthesis in bone tissue occurs mainly by fibroblasts and
osteoblasts. Given that collagen itself is not osteoinductive [7], successful bone tissue replacement and the
provision of necessary vascularization require collagen-based materials to be modified and combined with
other bioactive substances, growth factors, mesenchymal stem cells, osteoblasts, osteoclasts, endothelial
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cells, and others. Combining collagen with therapeutic agents, such as antibiotics, is also promising [13].
Thus, bone grafting remains one of the most common methods for treating bone defects. The choice of
material for bone grafting depends on numerous factors, including availability, defect size, biomechanical
properties, ease of processing, cost, ethical considerations, biological properties, and potential
complications [3, 12].

The purpose of the study was to determine the dynamics of histoarchitectural rearrangements of
bone-ceramic regeneration after transplantation of natural collagen into an experimental defect of the lower
jaw of a rabbit.

Materials and methods. The study was performed on 45 male rabbits aged 6—7 months, weighing
2.5-3.0 kg. 5 animals were intact. 20 animals were in the control group, and 20 were in the experimental
group. Animals of the control and experimental groups were given general anesthesia by intraperitoneal
injection of Thiopenate (Bropharma, Ukraine) at the rate of 25 mg/kg of the animal's body weight at the
level of the edentulous area of the alveolar part of the mandible. A 4x3 mm bone defect was created using
a dental drill. The control group included animals with a bone tissue defect that healed under a blood clot.
The experimental group consisted of rabbits with bone defects filled with natural collagen Collacone
(Botiss Dental, Germany), Col-C. It is produced in the form of a collagen cone. The state of bone tissue in
the area of the applied defect was examined 1, 7, 14, 21, 28, 35, 56, and 84 days after the injury.

The dynamics of histoarchitectural reconstructions of bone tissue in the area of the experimental
defect of the lower jaw was studied by scanning electron microscopy, performed on a JEOL T220A
scanning electron microscope at the laboratory of physical research methods in the geology of 1. Franko
LNU. To photograph the surface of the samples, magnification x 15-200 was used, and the accelerating
voltage in all experiments was equal to 20 kV [6, 11].

The production of histological slides of mandibular bone fragments with osteotropic material was
performed by a generally accepted method [1], visualized using a light microscope UlabXSP-137TLED
(PRC) and photographed with an XCAM-1080 P camera (PRC). The calculation of the relative volume of
bone tissue, osteoplastic material, and connective tissue in the regeneration determined changes in its
composition. Morphometric parameters of bone tissue in the control group were compared with those in
animals treated with Col-C.

Analysis of the distribution histogram, indicators of asymmetry and extinction coefficients, and the
Shapiro-Wilk test were used to determine the subordination of the obtained data to the normal distribution
law. The results of each group at different points in time were subject to the normal distribution law. They
are presented in the form of M+m, where M is the arithmetic mean, and m is the standard deviation of the
mean. The Student's t-test was used to determine the probable differences between the average values of
parameters in different periods of the experiment and to compare the data of the control group with those
of the experimental group during the same observation period. The difference between groups was
considered significant at p<0.05.

All animals were kept in vivarium conditions, and the procedures related to housing, care, labeling,
and all other manipulations were carried out in compliance with the provisions of the “European
Convention for the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes”
(Strasbourg, 1985), “General ethical principles of animal experiments”, adopted by the First National
Congress on Bioethics (Kyiv, 2001), Law of Ukraine No. 3447 — IV “On the Protection of Animals from
Cruelty Treatment” by the EU Council Directive 2010/63/EU on compliance with regulations, laws, and
administrative provisions of the EU States on the protection of animals used for scientific purposes.

Results of the study and their discussion. Using a scanning electron microscope, we studied the
microrelief of the surface of the experimental lower jaw bone defect after the Col-C material was implanted
in animals. We observed several significant features of the regeneration process, which differed from
reparative osteogenesis in the control group. One day after the experimental injury, damaged blood
microvessels with thrombi were identified on the smooth surface of the trepanation hole in the compact
cortical plate. Around them, hemorrhages from different areas were found. Between the damaged
trabeculae of cancellous (spongy) bone tissue at the edges of the defect of the native bone, a moderate
number of small fragments of different shapes were found, along with perivascular accumulations of
erythrocytes, leukocytes, and fibrin masses (Fig. 1). A significant accumulation of exudate was observed
between the fibrous elements of the matrix of the Col-C implanted material. At the end of the first day of
the post-traumatic period, the signs of perivascular and intracellular edema in those structures located near
the experimental jaw defect were significantly pronounced.

One week after the application of the experimental defect and the implantation of the Col-C
material, the formation of numerous osteoid tubercles and outgrowths, which varied in size and shape and
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almost completely covered the surface of the trabeculae, occurred on the tissue surface of the damaged
osteons and bone trabeculae of the native bone. Perivascular edema, leukocyte infiltration, and other signs
of inflammation in the defect area during the first two weeks were intense and only partially reduced by
the end of the third week after the intervention. Numerous small foci of desmal osteogenesis contained
diffusely located fibroblast cells, and their number significantly exceeded that in the control group of
animals. In the peripheral areas of the regenerate, the newly formed trabeculac between the fibrous
fragments of the Col-C implanted material connected with the bumpy trabeculae of the native cancellous
bone. In the vast majority of observations, there was a fairly clear demarcation between the surface of the
fibrous implant, covered with newly formed osteoid trabeculae, and the native bone from the side of the
wall of the experimental shaft. Deep areas of the regenerate contained a moderate number of bloods
microvessels surrounded by active fibroblasts and dense spicule-like connective tissue outgrowths.
During the 4th to 5th weeks after the implantation of the Col-C material, moderate manifestations
of inflammation remained in the area of the experimental defect — perivascular edema, leukocyte
infiltration, and isolated diapedesis hemorrhages. By the end of the 5th week, the symptoms above were
almost entirely reduced. On the periphery of the regenerate, osteoid trabeculae of various shapes and sizes,
predominantly radial in orientation and with tight anastomosis, were visible. Covered with newly formed
trabeculae, the surface of the regenerate closely adjoined the native bone. Individual small fibrous remains
of osteotropic material were found in moderate quantities. In the deep zones of the experimental defect,
areas of woven bone tissue varying in area were found, in the thickness of which primitive blood
microvessels and individual fragments of resorbed Col-C material, integrated into newly formed trabeculae
were densely located (Fig. 2).
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Fig. 1. Electronic scan of the bone defect zone of the Fig. 2. Electronic scan of the bone defect zone of the
lower jaw of a rabbit 1 day after injury and filling of the defect mandible of a rabbit 5 weeks after injury and filling of the defect
with Col-C material. x100. 1 — damaged surface of cancellous with Col-C material. x200. 1 — newly formed trabeculae, 2 —
bone of the side wall of the shaft, 2 — fibrin masses, 3 — damaged remnants of the fibers of the implanted material.
trabeculae.

A large number of osteoblasts formed numerous clusters between osteogenic islands and
hemocapillary. Moderate in number and variable in size, areas of the deep zone of the regeneration, along
with the remains of the implanted material, contained cells of desmal osteogenesis with a significant
number of cells of the fibroblastic lineage. Osteoblasts predominated quantitatively in the peripheral newly
formed trabeculae between the fragmented Col-C fibers. Still, a moderate number of primary osteocytes
significantly exceeded the content of these cells observed in the study of control group samples. A distinct
heteromorphic tuberosity was visualized on the surface of most of the newly formed trabeculae. A moderate
number of osteoclasts were found at the border of the regenerative material, along with lamellar bone tissue
on the cortical plate of the native bone. Unlike the control group, after 5 weeks of the experiment, signs of
desmal osteogenesis remained in the surface localization of the regeneration. Also, on the border of tight
adhesion of the woven bone tissue of the newly formed trabeculae to the osteons of the native bone,
osteoclasts with different sizes and different degrees of activation were found near the bioresorption zones
of the regenerate along with the fibrous remains of the Col-C implanted material.

After 8 weeks of the experiment, the trabeculae composition was dominated by woven bone tissue
with a small percentage of primary osteoblasts at the depth of the applied bone defect on the regeneration
zone's periphery. Osteoclasts were rarely detected near microvessels in the middle of desmal osteogenesis.
The border between the newly formed trabeculae and the native cancellous bone had the appearance of a
strip of varying width, which contained thin osteoid formations attached to the trabeculae (Fig. 3).
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Inside the regenerate, a heteromorphic
spongy structure was observed. It consisted partly
of primitive bone plates and, to a large extent, of
woven bone tissue, with a significant content of
fibrous fragments of the implanted material.
Connective tissue areas around microvessels were
found more often than in animals of the control
group in the form of layers enriched in randomly
grouped collagen fibers. Osteoblasts predominated
among osteogenic cells and were distributed
diffusely, in a moderate amount. The newly
formed immature osteons with initial signs of
lacuna-tubular architecture were determined at the
regeneration boundary with the native bone's outer
bone plate. In contrast to the control group, a small
number of osteoclasts was determined in areas of
woven bone tissue in isolated regions of trabeculae
remodeling.

Twelve weeks after the experimental defect and Col-C material implantation, the cancellous bone
of the alveolar process contained trabeculae consisting mainly of lamellar tissue. In the inner zones of the
regenerate, small cells of woven bone tissue and individual unresorbed fragments of the implanted material
were present. The microrelief of the surface of the trabeculae near the native cancellous bone in the
peripheral areas of the regenerate was smooth, without signs of intensive osteogenesis. Activated
osteoclasts and osteogenic cells were found in fewer numbers and less densely than observed after 8 weeks
of the experiment. In general, after applying the Col-C material, most osteons that regenerate near the outer
bone plate did not differ from the typical structure of the native bone in terms of their structure. However,
unlike the control animals’ group, there were weakly structured bone plates between the neighboring
osteons.

During the morphometric study of the dynamics of changes in the relative volume of bone tissue
during the regeneration of the experimental defect in the control group, active growth of the parameter was
determined from the first to the fifth week after the defect was applied (Table 1). In particular, the relative
content of bone tissue in the regeneration after 2 weeks of the experiment was 2.75 times (p<0.05) higher
than the value of the 1st week; after 3 weeks, the parameter increased by 60.4 % (p<0.05) relative to the
level of the previous term; after 4 and 5 weeks — by 68.0 % (p<0.05) and 32.0 % (p<0.05), respectively. In
the period from the 5th to the 8th week, the increase in the relative volume of bone tissue in the regenerate
formed under the blood clot was 24.5 % (p<0.05). Later, until the 12th week of the experiment, changes in
the parameter did not have statistical significance compared to the value of the 8th week, stabilizing at
70.3+4.8 %.
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Fig. 3. Electronic scan of the bone defect zone of the
mandible of a rabbit 3 weeks after injury and filling of the defect
with Col-C material. x35. 1 — native bone of the wall of the
experimental shaft, 2 — relief of newly formed bone trabeculae on
the regeneration surface, 3 — demarcation zone.

Table 1
Dynamics of changes in the relative volume of bone tissue, osteoplastic material,
and connective tissue in the regenerate (%), M+m
Term Bone tissue Material Connective tissue

Control Col-C Col-C Control Col-C
1 day 3.7£0.6 4.840.7 80.7+7.2 6.9+0.4 7.3£0.6
7 days 5.6+0.8# 7.9+0.9# 65.3+5.4# 14.7+1.1# 16.3£1.4%#
14 days 15.4+1.2# 21.3+2.4%# 34.94+3.8# 30.5+2.4# 44 .8+3.8*#
21 days 24.7+1.8# 39.0£3.4%# 22.5+2 4# 56.1+3.5# 42.94+3.6*
28 days 41.5+3.4# 52.143.8%# 16.1+2.3# 41.8+3.1# 35.0£2.7%#
35 days 54.8£3.7# 64.7+4.0*# 10.5+1.4# 34.242 3# 26.3£2.1%#
56 days 68.2+4.5# 74.94+5.7# 5.8+0.7# 20.7£1.7# 18.4+1.6#
84 days 70.3+4.8 76.8+6.1 1.8+0.7# 24.5€2.0 16.1£1.5*

Note: * — the difference is statistically significant when compared with the control group; # — the difference is statistically
significant when compared with the previous term of the experiment.

In the experimental group of animals, where the plastic defect was performed using Col-C material,
a slow increase in the relative volume of bone tissue in the regeneration was observed in the first three
weeks after implantation. In particular, 1 week after the injury, the parameter's value did not change
significantly relative to the indicator of the first day and did not differ substantially from the control level.
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Two weeks after the implantation of Col-C material, there was an increase in the parameter by 92.4 %
(p<0.05) compared to the first week, but this increase was inferior to the control group by 33.8 % (p<0.05).
After 3 weeks, a similar situation was observed: the increase in bone tissue content by 77.5 % (p<0.05)
compared to the previous period was inferior in intensity to the reference indicator by 26.7 % (p<0.05).
After 4 weeks of the experiment, the studied parameter sharply increased — 2.3 times relative to the value
of the third week — reaching the level of the control group. From the 5th to the 8th week, the studied
parameter continued to grow moderately and stabilized at a level that was not statistically significantly
different from the parameters of the control group. After 12 weeks of the experiment, the relative volume
of bone tissue in the regenerate formed after the implantation of Col-C material was 67.3+4.1 %, which
was also not significantly different from the control level.

Quantification of the relative volume of osteoplastic material in the regenerate at the stages of
augmentation of the experimental defect after the implantation of the Col-C material determined the general
dynamics of changes, which consisted in a gradual decrease in the content of the material until its almost
complete bioresorption. During the first week after implantation, the parameter did not change to a
statistically significant degree relative to the value after 1 day. From the second week, the reduction of
material content in the regenerate was 22.2 % (p<0.05) compared to the first week. After 3, 4, and 5 weeks
of the experiment, the value of the parameter decreased by 20.9 % (p<0.05), 33.7 % (p<0.05), and 31.2 %
(p<0.05), respectively, in comparison with an earlier term. 8 weeks after Col-C implantation, a two-fold
reduction of the parameter was observed. After 12 weeks of the experiment, the regenerate's material
content approached the minimum, only 2.5+0.4 % of its total volume.

A morphometric study of the relative volume of connective tissue in regenerating the experimental
defect in the control group made it possible to establish the phase nature of the dynamics of parameter
changes. In the first three weeks of the experiment, an active increase in the content of the connective tissue
component in the regeneration was observed. In particular, 1 week after the injury, the parameter increased
by 2.1 times (p<0.05) relative to the value after 1 day; after 2 weeks of the experiment — by 107.5 %
(p<0.05) compared to the value of the 1st week; after 3 weeks, the parameter increased by 83.9 % (p<0.05)
relative to the level of the previous term and reached the highest value of 56.1+3.5 %. In the further
dynamics of changes in the content of connective tissue, a gradual decrease of the indicator was observed
after 4 weeks — by 25.5 % (p<0.05) relative to the peak value of the 3rd week; after 5 and 8 weeks — by
18.2 % (p<0.05) and 39.5 % (p<0.05), respectively, compared to the previous period of the study. From
the 8th to the 12th week, the relative volume of connective tissue in the regenerate formed under the blood
clot did not change statistically significantly and stabilized at 24.5+£2.0 %.

According to the results of determining the relative volume of the connective tissue in the
regenerate, 1 week after the implantation of the Col-C material, a two-fold increase in the parameter was
observed in comparison with the level of the first day of the experiment, but such an increase did not
lead to its significant predominance over the control level. However, 2 weeks after the injury, after a
sharp increase in the content of connective tissue in the regenerate by 116.8 % (p<0.05) compared to the
first day of the experiment, the parameter reached a value that was 23.0 % (p<0.05) exceeded the value
of the control group corresponding to the term. 3 weeks after the implantation of the Col-C material, the
parameter did not change to a statistically significant degree compared to the previous period. At the
same time, in the control group, the parameter increased to 56.1£3.5 %, which by 38.9 % (p<0.05)
exceeded the parameter of the experimental group. During the fourth and fifth weeks of the experiment,
the regenerate gradually reduced its connective tissue content. After 4 weeks, the parameter of the
experimental group was inferior to the value of the 3rd week by 25.2 % (p<0.05), corresponding to the
control value by 27.8 % (p<0.05). 5 weeks after implantation of the material, the parameter was inferior
to the value of the 4th week by 26.8 % (p<0.05), corresponding to the control value by 35.4 % (p<0.05).
In terms of 8—12 weeks after the Col-C material implantation, the connective tissue content in the
regenerate did not change significantly compared to the indicator of the previous term and did not
statistically significantly differ from the control level.

Bone grafting is a common procedure in dentistry, traumatology, and regenerative medicine, and
it is widely used in various clinical situations [2, 4]. It is used both in periodontal surgery and during tooth
implantation, as well as sinus lifting, cell preservation, and many other procedures [10, 12]. The use of
collagen in the regeneration of bone tissue has taken a significant step forward. Thanks to improvements
in production and purification methods, modern collagen products preserve the most natural structure and
have the least ability to cause an immune reaction. The 100 % natural collagen product Collacon (Col-C)
is a resorbable material that is widely used to stimulate wound healing and preserve the alveolar process.
It promotes post-extraction and encourages blood clot formation with subsequent reorganization.
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The studies showed that the data we obtained will complement the existing research results on
using collagen-based osteoplastic materials and help create innovative approaches in regenerative
medicine. This will ultimately benefit patients who need the treatment mentioned above.

Conclusions

1. In the experimental group of animals, where the plastic defect was performed using Col-C
material, several significant features of the regeneration process were observed, which differed from
reparative osteogenesis in the control group.

2. After applying the Col-C material, most osteons that regenerate near the outer bone plate did not
differ from the typical structure of the native bone in terms of their structure. However, unlike the control
animals’ group, weakly structured bone plates existed between the neighboring osteons.

3. Morphometrically, it was determined that in the first three weeks after implantation, the Col-C
material caused a slow increase in the relative volume of bone tissue in the regenerate, in contrast to the
active growth of this parameter in the control group.

4. In the dynamics of changes in the relative volume of connective tissue, its content in the
regenerate did not change significantly compared to the parameter of the previous period and did not differ
statistically significantly from the control level.
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