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Summary

Odontogenic maxillary sinusitis (OMS) takes one of the
leading position among the paranasal sinus diseases.
According to current reviews, the number of patients
with OMS is increasing every year, and makes up from
4 to 7% of the maxillofacial diseases. Recently, a perfo-
rating form of OMS becomes more common in practice
of maxillofacial surgery. Perforative sinusitis occurs due
to break of mucoperiosteum in response to some patho-
logical conditions, most frequently, following extraction
of a superior tooth. Therefore, improvement of existing
approaches and development of new affordable and less
traumatic methods for treatment of sinusitis remains
quite relevant. Over last years, usage of polymer mate-
rials (both natural and artificial products) has become
increasingly popular in maxillofacial and dental surgery.
Such materials should have several favorable properties:
lack of cytotoxicity, biocompatibility, resorbability and
good handling characteristics. The synthetic polymer
polycaprolactone (PCL) meets these requirements to
a greater extent. Due to its three-dimensional porous
structure, these polymers are actively used in tissue en-
gineering. Available data on the opportunity of bone tis-
sue regeneration by the polymer structures suggest that
they can be used to stimulate osteogenesis and main-
tain the height of the alveolar process of the upper jaw
in cases of oroantral communication (OAC) occurring
after tooth extraction. Of note, PCL is a safe material ap-

proved by the FDA for use in drug delivery devices and
implantation scaffolds. Considering these data, it is of
great interest to evaluate the opportunity of its applica-
tion in the sites of inflammation, e.c., for elimination of
OAC defect in presence of developing sinusitis. The aim
of our study was to evaluate the opportunity of using a
PCL matrix in order to close the OAC using an in vivo
experimental model.

Materials and methods

In an experimental study, xenogeneic transplantation of
polycaprolactone matrix was performed into the low-
er wall of maxillary sinus after the OAC development
in rabbits. Nine animals were sacrificed after 4, 8 and
24 weeks. The maxillary bones were dissected, cut into
smaller blocks, and the specimens were immediately
placed in formalin. Serial sections were stained and ex-
amined using light microscope.

Results

The morphological study showed that there are early
signs of connective tissue ingrowth to the matrix mesh
1 month after implantation. The surrounding capsule
was thin and showed minimal signs of inflammation,
which completely disappeared by the second month af-
ter the intervention. Over the next 4 months, the capsule
becomes thinner, the matrix was totally penetrated by
connective tissue and blood vessels. It helped to retain
the height of alveolar process in the upper jaw at the site
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of tooth extraction. In conclusion, the proposed method
for OAC closure by means of the PCL scaffold system
can retain the space of the lost maxillary bone fragment
for up to 6 months being able to stimulate osteogenesis,
as shown by our animal experiments.

Introduction

Maxillary sinusitis is one of the most common diseases of
paranasal sinuses [1]. According to latest statistics, the prev-
alence of sinusitis in Russia is growing to 1.420 cases per
100.000 adult population [2]. Odontogenic maxillary sinus-
itis, comprises 4 to 7% of all cases of this morbidity, and its
incidence also continues to grow [3]. Oroantral commu-
nication (OAC) takes a sufficient place in pathogenesis of
odontogenic sinusitis [4]. OAC occurs most often when the
upper molars are removed, and the frequency of such forms
of sinusitis is 41-92% [5].

Bone tissue regeneration in the area of OAC defect can be
achieved not only by structural replacement of such defect,
but also by stimulating the regeneration of surrounding bony
tissues [6]. To this purpose, biocompatible polymer scaffolds
can be used [7]. Appropriate matrices or scaffold systems
represent an artificial tissue equivalent with three-dimen-
sional structure that form a substrate for the tissue regenera-
tion [8]. An ideal scaffold should promote tissue restoration,
being, however, resorbed afterwards. Moreover, the scaffold
should have a pore size optimal for uniform cell distribution,
an adhesive surface that promotes cell proliferation and dif-
ferentiation, and be biocompatible [9].

Synthetic and natural polymer matrices are discerned. Ac-
cording to several authors, synthetic fibrous matrices are
the most promising for bone tissue regeneration [10]. The
matrices obtained by electrospinning method are of greatest
interest. It allows to produce matrices with specified struc-
tural and biomechanical properties. The scaffold systems
made with this technique have good elasticity and mechani-
cal strength [11]. Polycaprolactone nonwoven fabric is most
often used in electrospinning technology. The results of ex-
perimental studies indicate to successful use of polycapro-
lactone-based matrices for replacement of skin and bone
defects [12].

The 3D porous scaffolds can maintain the physical space
necessary for bone regeneration, thus preventing invasion
of undesired cells, along with anchoring endogenous osteo-
genic cells, in order to induce cell ingrowth and promoting
molecular microenvironment for osteoblastic differentiation
[13]. Due to its biodegradability and biocompatibility, PCL
can be employed as a bone substitute to reconstruct the alve-
olar bone in the oral cavity. In addition, PCL is a safe materi-
al approved by the FDA for use in drug delivery devices and
implantation scaffolds [14]. Proven biocompatibility and
optimal physico-chemical characteristics make it possible to
use PCL as a matrix for closing the OAC defect [15].

The aim of our study was to test potential effects of PCL-
based matrices upon closure of oroantral defect in experi-
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mental animals. The results show effective in vivo regenera-
tion of maxillar bone with the local PCL implants.

Materials and methods

We have performed an in vivo experimental study to assess
the opportunity of OAC treatment by means of PCL-based
scaffold systems. The study was carried out at the Research
Center of First St. Petersburg State I. Pavlov Medical Uni-
versity. The polycaprolactone matrices were manufactured at
the Tomsk Polytechnic University using the electrospinning
technique (Fig. 1).

Figure 1. Micrograph. 200x magnification. Cross section
of spongy cylindrical matrix samples based on poly-
caprolactone

To prepare pure polycaprolactone-based scaffolds, the poly-
mer was dissolved in chloroform at a concentration of 9% and
6%. A syringe pump was used to supply solutions through an
extension tube covered with blunt 21 gauge needles (inner
diameter 0.51 mm). A voltage of 6.5 kV was applied using a
high voltage power source. During the electrospinning pro-
cess, a special collector needle (8 cm) was used, with a dep-
osition time of 60 min and a fixed injection rate of 1.5 mL/h.
The prepared samples were separated from the collector and
used for further experiments. The square-shaped specimens
(5%5 mm) were produced, then being sterilized and placed
into a sterile medium (Fig. 2).

The male rabbits were used (Soviet Chinchilla) at the age of
1 year, weighing from 3 kg. A total of 9 laboratory animals
were used in the study. Surgery was made under general
anesthesia with using ketamine. The experimental animals
were subject to extraction of the right anterior chewing tooth
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Figure 3. The experimental animal after the extraction
of the anterior masticatory tooth (the hole is marked
with an arrow)

using surgical forceps (Fig. 3). Thereafter, a hole was pene-
trated with a metal probe to the lumen of the maxillary sinus,
thereby establishing an OAC condition. A matrix of poly-
caprolactone was introduced into the hole of the extracted
tooth. Upon perforation, the matrix was impregnated with
blood, but it did not change its volume. Therefore, additional
fixation of the matrix was carried out using two metal pins
to the edges of the defect (Fig. 4). The wound was sutured
tightly with overlapping of the defect area with a mucoper-
iosteal flap.

Figure 4. The matrix of polycaprolactone is fixed in the
area of the hole of the extracted tooth with two pins

The animals were sacrificed from the experiment according
to the schedule at the following observation terms: 1 month,
2 months, and 6 months after surgery. The rabbits were an-
aesthesized, decapitated, and a fragment of the upper jaw
2x2 cm was separated using a drill, 1 cm around the site of
matrix installation, while maintaining the oral mucosa. The
preparations were fixed in formalin, decalcified, and em-
bedded into paraffin blocks. Then, 5 um-thick sections were
sliced, that were stained with hematoxylin and eosin (H&E),
and a histochemical reaction for connective tissue elements
was performed with Mallory staining using the BioVitrum
kit (Russia). The photos were obtained with Leica DM750
microscope (Germany) using a 10x10 eyepiece, 40x lenses,
and the ICC50 digital camera (Leica, Germany).

Results

One month after implantation, a connective tissue capsule
is detected around the matrix (Fig. 5). The cellular composi-
tion of the matrix is represented mainly by fibroblasts, mac-
rophages and a small number of leukocytes. Giant multinu-
clear cells are located on the matrix fibers. Between the fibers
are seen macrophages and fibroblasts, which actively synthe-
size collagen fibers. Hence, the experimental area was com-
pletely penetrated by thin collagen fibers within 1 month. No
signs of inflammatory cellular response were detectable on
affected bone fragment (Fig. 6), thus resulting into growth of
connective tissue which sprouted into the matrix, along with
single blood vessels and multinuclear giant cells of foreign
bodies in small amounts (Fig. 7).

At two months of observation, there were no signs of inflam-
matory reaction in the capsule surrounding the matrix. Mu-
cosa lining the maxillary sinus and at the root of the tooth
was immediately adjacent to the matrix (Fig. 8). The severity
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Figure 5. 400x magnification. The capsule surrounding
the polycaprolactone matrix 1 month after implanta-
tion. H&E staining

1 - matrix, 2 - connective tissue capsule surrounding the
matrix, 3 - bone wall of the tooth alveole.

degree of matrix sprouting by connective tissue elements has
become significantly greater over this time. In addition to
fibroblasts, giant multinuclear cells of foreign bodies, and
macrophages, a small number of leukocytes was visualized
between the matrix fibers (Fig. 9). Neoangiogenesis and PCL
matrix resorption were also in progress (Fig. 10).

After 6 months of our experiment, the matrix was complete-
ly penetrated by thick bundles of collagen fibers, whereas any
sufficient signs of an inflammatory tissue reaction were not
revealed in the implantation area. Bony wall of the tooth well
was covered with osteoblasts and single osteoclasts (Fig. 11).

A significant decrease of polycaprolactone amounts was not-
ed in the matrix volume by 6 months of experiment. This
event may be caused by active destruction of the synthetic
matrix fibers and indicates a high rate of its resorption. At
the same time period, its structure was almost completely
replaced by well-vascularized connective tissue (Fig. 12).

Discussion and conclusion

In an in vivo pilot study, there were no cases of PCL-scaf-
folds rejection. The matrix is flexible and durable, it was not
loosening during fixation in the wound. However, it does not
change its volume when contacting with blood, therefore, its
additional on-site fixation is necessary to avoid synthetic
matrix migration to the lumen of maxillary sinus.

According to the results of a morphological study, as soon
as a month after implantation, there are signs of connective
tissue penetration to the matrix structure. The surrounding
capsule is thin and shows only minimal signs of inflamma-
tion, which completely disappeared by the 2" month after
the intervention. Over next 4 months, the capsule becomes
thinner, the matrix is totally penetrated by connective
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Figure 6. Micrograph. 100x magnification. Fragment of
the maxilla of the rabbit 1 month after the installation
of the matrix of polycaprolactone (A - H&E staining,
B - staining Mallory method)

1 — matrix, 2 - collagen fibers sprouting into the matrix, 3 -
connective tissue capsule surrounding the matrix, 4 — bone
wall of the tooth alveole.
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Figure 7. Micrograph. 400x magnification. Fragment of
the maxilla of the rabbit 1 month after the installation
of the matrix of polycaprolactone. H&E staining

1 — blood vessels in the structure of the matrix, 2 — multinu-
clear giant cells.

Figure 9. Micrograph. 100x magnification. Fragment of
the maxilla of the rabbit 2 months after the installa-
tion of the matrix of polycaprolactone (stained by the
method of Mallory)

1 - matrix penetrated by collagen fibers, 2 — connective tissue
capsule surrounding the matrix, 3 - maxillary sinus lumen
filled with mucus.

Figure 11. Micrograph. 100x magnification. Fragment of
the maxilla of the rabbit 6 months after the installa-

tion of the matrix of polycaprolactone. H&E staining

1 - matrix penetrated by collagen fibers, 2 — connective tis-
sue capsule surrounding the matrix, 3 - bone wall of the
tooth alveole.

Figure 8. Micrograph. 40x magnification. Fragment of
the maxilla of the rabbit 2 months after the installa-
tion of the matrix of polycaprolactone. H&E staining

1 - matrix, 2 - connective tissue capsule surrounding the ma-

trix, 3 — dentin of the tooth root, 4 — bone wall of the tooth
alveole.
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Figure 10. Micrograph. 400x magnification. Fragment
of the maxilla of the rabbit 2 months after the instal-
lation of the matrix of polycaprolactone. H&E staining

1 - blood vessels, 2 multinuclear giant cells, 3 - fibers of loose
connective tissue.
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after installing the polycaprolactone matrix (stained
by the method of Mallory)

1 - blood vessels, 2 — multinuclear giant cells, 3 - fibers of
loose connective tissue.
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tissue and blood vessels. It helps to maintain the height of the
alveolar process of the upper jaw at the site of the extracted
tooth.

Other works also confirm good tolerability of PCL in various
experimental settings [16, 17, 18, 19].

Conclusion

The scaffolds based on polycaprolactone are biocompatible,
do not cause a pronounced inflammatory reaction in sur-
rounding tissues and demonstrate a good potential for their
use for closing the OAC lesions.

The proposed method for eliminating the oroantral com-
munication using a scaffold system ensures volume mainte-
nance of the deficient maxillary bone fragment for up to 6
months, and moreover, it may stimulate local osteogenesis,
as shown in the animal model.

In the future, we plan to continue studies on the polymer
constructs in order to repair OAC and to conduct a com-
parative in vivo experimental study of natural and synthetic
bioengineered materials.
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JKCNepuMeHTasibHOe U3y4eHune MoJIMMEepPHbIX MaTpul,
CnocobCTBYIOLWNX penapauum KOCTHON TKaHMW Mpu
OpOaHTPasibHOM aedexTe
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ms yerpanenns gedexra npu OAK mpu passurum cu-
Hycura. 1lenbl0 Halllero MCCaefOBaHUsS ObIIA OLlEHKA
BO3MOXHOCTH npyMeHeHns marpuil IIKJI gna saxpoi-
tust gedexra OAK, B aKcIeprMeHTaIbHON MOJENN in
vivo. B maHHOM 5KCIEpMMEHTA/IbHOM MCC/IENOBAHNM,
IPOBOAN/IACh KCEHOTeHHasl TPaHCIUIAHTALM:A IONMKA-
IIPO/IAKTOHOBOTO MAaTpPUKCa B HIDKHIOID CTEHKY MakK-
cunnApHoro cunyca nociue passutisa OAK y Kponnkos.
JeBATD )XMBOTHBIX MCCAENOBANIN B CPOKM 4, 8 1 24 He-
nemu. IIpoBopnim pacceuenne KOCTel BEPXHEN Yelio-
CTH, pe3ajy Ha MeHbIIe GIOKY U IIOMeNay 00pasIbl
B ¢opmanuH. CepnilHble I'VMCTONIOTMYECKIE Iperapa-
Tl OKpAILIMBaIM U MCCIEOBANN METONAMU CBETOBOII
MUKpockomuu. Mopdomorndeckuit aHamu3 IMOKasar,
Ha/IM4/ie PAaHHMX NIPU3HAKOB BPACTaHMA COEIMHUTEb-
HOJI TKaHM B CETKY MaTPMKCa y>Ke uepes 1 Mec. rmocre ee
uMivtanTanyn. OKpy’Kalolas Karcynaa Oblla TOHKOIL,
C MMHMMA/IbHbIMM NIPM3HaKaMM BOCIIa/IeHs, KOTOpoe
IIOTHOCTBIO JICY€3a7I0 K 2 MeC. II0C/Ie BMENIaTe/IbCTBa.
B Teuenne mocnenyromux 4 Mec. Kalcyaa CTAaHOBIIACh
TOHDBIIIE, CMHTETMYECKUII MATPMUKC IIOTHOCTBIO IIPO-
pacTas CoeVIHUTEeTbHOM TKAaHbIO ¥ KPOBEHOCHBIMI CO-
cyfamMu. ITO IIOMOTaIo COXPAaHUTD BBICOTY a/IbBEOIAP-
HOTO OTPOCTKA BepXHeil YelTI0CTU B MeCTe SKCTPAKLINU

3y6a.

Pesiome

Oponrorennslt Makcywurapubli cunycur (OMC) 3a-
HIMAeT OJHO M3 IEPBBIX MECT IO 3a060/IeBaeMOCTH
cpeny Ooje3Hel ITapaHasaJbHOrO cuHyca. Ilo cospe-
MeHHBIM 0030paM, urcrio manuentToB ¢ OMC BospacTa-
eT KK TOR U cocTaBisAeT 4-7% Bcex 3a001eBaHMIT
BEpXHell 4YemoCcTu. B HacTosAlee BpeMA B NPaKTHUKe
Ye/TI0CTHO-IMIIEBOI XMPYPIUM BCe dallle BCTPeYaeTcs
nepgoparusHai popma OMC. IlepdoparuBHbIL CHHY-
CUT BO3HMKAET 113-3a Pa3pyLIEHN IEPUOCTa PV HEKO-
TOPBIX ITATOJIOTMYECKUX COCTOAHNAX, HauboIee 4acTo —
IIOCJIe SKCTPAKLUy BepxHero 3y6a. [losTomy yimyudie-
HUe CYLIeCTBYIOIIMX IOAXONOB U pa3paboTKa HOBBIX
TOCTYIIHBIX Y MEHee TPaBMAaTUYHBIX METOMIOB JIe4eHNA
CHHYCHTA IIOKa OCTaeTCA aKTYaJIbHBIM. B TeueHue mo-
CJIEHVX JIeT IPYMEHEeHMe IIO/IVIMEPHBIX MaTeplajioB
(KaK eCTeCTBEHHBIX, TaK U CUHTETNYECKUX IPOIYK-
TOB) CTaJI0 BeCbMa IONY/LAPHBIM B YeIIOCTHO-JIMILIE-
BOJI xypypruu. Takye MaTepyanbl JO/DKHBI IMETb DAL
CYIIECTBEHHBIX IPEVIMYILIECTB: OTCYTCTBME LUTOTOK-
CUYHOCTH, OMOCOBMECTHMOCTD, Pe30pOMPYeMOCTb I
BO3MOXXHOCTb yHOOHOI 00paborku. CrHTeTNYIecKuit
nommep mnomykanponakTon (ITKJI) coorBercTByeT
aTuM TpeboBaHusIM B 6ombioi Mepe. Birarogapst cBo-
€Jl TPeXMEPHOII IOPUCTON CTPYKTYpPE, STU IOMMMEPDI
aKTVBHO IIPUMEHAIOTCA B TKaHEBOVI IHXKeHepuit. Vme-
IOIVIEeCs] TaHHBIE O BO3MOXKHOCTHM pereHepamnyy KOCT-
HOJI TKaHU B IIOJIVIMEPHBIX CTPYKTYpax IpefIIoIaraioT,
YTO OHM MOTYT OBITH VICIIOJIb3OBAHBI IJII CTUMY/LALIVIN
0CTeoreHe3a ¥ MOAJEP)KMBATh BBICOTY a/IbBEOJLIPHOTO
OTPOCTKA BEPXHEN YETIOCTI B CITy4asAX OPOAHTPA/IbHO
xoMmmyHuKanuu (OAK), BosHUKaOLIeil IIOCTIe yHare-
Hua 3yba. Cuegyer ormerutb, yro mommmep ITKJT -

BbiBoabl

ITpenmo)xeHHBINT METOJ, 3aKpBITUMA OPOAHTPATbHONM
KOMMYHMKaIuy ¢ npumeHeHueM cucremsl [TKJI-cxad-
(b omga MOXKeT COXPaHUTb 00BEM YTPaueHHOTO KOCTHOTO
(dparMeHTa Ha CPOK HO 6 MeC. ¥l MO>KET CTUMY/IMPOBATh
OCTEOTeHe3, KaK MOKa3aHO HAIlVMU 3KCIEPUMMEHTaMU
Ha XIBOTHBIX.

6e3omacHspiit MaTepuan, ogobpenusiit FDA (CIIA) ms
Hp]/IMeHeHI/IH B YCTPOI/UICTBaX 11 HOCTAaBKIN HpenapaTOB
” OocHOB-cKap oo mnd uMivlatamym. C yd4eToMm
9TUX JaHHBIX, IPEACTABIsAET OOBIION MHTEPEC OL[eH-
Ka X VICIIO/Ib30OBaHNMA B 30HaX BOCIIA/IEHI A, HaHpI/IMep,

Kniouesble c10Ba

OpoaHTpanbHAsA KOMMYHMKAIVA, MAaKCU/ULAPHBINA CH-
HYC, MOJMKANPOIAKTOH, IOMMMEPHbIE MaTPUIIbI, KOCT-
Hasl pereHepanyus.
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