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OPINION | GENETICS

THE POTENTIAL OF EXOSOMES FOR THE DIAGNOSIS AND TREATMENT
OF DUCHENNE MUSCULAR DYSTROPHY

Galkin I1'?, Egorova TV'3=

" Marlin Biotech LLC, Moscow, Russia

2 A. N. Belozersky Institute of Physico-Chemical Biology, Moscow, Russia

3 Institute of Gene Biology, Russian Academy of Sciences, Moscow, Russia
Duchenne muscular dystrophy is the most common type of muscular dystrophy. There is no effective cure for this disease. Recently, researchers have started to
look at the therapeutic potential of exosomes — small (40-100 nm) vesicles secreted by cells into the extracellular environment. They transport a few types of
macromolecules, including microRNA and proteins, that can be analyzed to estimate the efficacy of the applied therapy. Besides, exosomes can be harnessed for
delivering therapeutic components (microRNA, antisense oligonucleotides) to the target tissue. Below, we analyze the available literature and assess the feasibility
of using exosomes in the diagnosis and treatment of Duchenne muscular dystrophy. We conclude that exosomes can have their place in the arsenal of researchers
and clinicians once some technical issues are solved.

Keywords: Duchenne muscular dystrophy, exosomes, targeted drug delivery, liquid biopsy, gene therapy
Author contribution: Galkin Il, Egorova TV — literature analysis and manuscript preparation.
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Vavilova 34/5, Moscow, 119334, t.dimitrieva@marlinbiotech.com
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BO3MO>XHOCTU NPUMEHEHUA 9K30COM AJ1 AUATHOCTUKW N NEYEHNA
MNoanCTPO®N AOLLUEHHA

W. N. Tankmn'?, T. B. Eroposa'*=

000 «MapnuH Brotex», Mockea, Poccus

2 VIHCTUTYT (hmnamko-xummdeckoi Gronorumn nvenn A. H. Benosepckoro, Mockea, Poccust
8 VHcTuTyT Buonorum reHa, Mocksa, Poccus

Mwogmctpodms JioleHHa — Hanbonee 4acto BeTpedatollascs dopma muogmctpodbumn. OaHako athheKTUBHOrO neveHns atoro 3abonesaHns 4o CUX nop
He paspabotaHo. B HacTosiee Bpems NOsiBASOTCS paboTbl, MOCBSLLEHHbIE UCMOMB30BaHMIO 9K30COM B MOZENSX MUOAMCTPOMMUM iolleHHa. OK30COMbI,
Hebonblume (40-100 HM) BE3VMKYIIbl, CEKPETUPYEMBIE KNETKAMIN B MEXKNETOYHOE MPOCTPAHCTBO, NMEePEeHOCST HEKOTOPbIE MakpoMOosieKkysbl (MMKPoPHK, 6enkun),
aHaImM3 KOTOPbIX MOXET BbiTb MCMOMb30BaH AJ18 HEMHBa3MBHON OLIEHKI YCMELHOCTU MpUMeHsieMoin Tepannn. Kpome Toro, OHKM MOryT o6ecrneqrBaTh afpecHyto
[OCTaBKy aKTUBHbIX BELLEeCTB (Hanpumep, MUKPOPHK, aHTUCMbICNIOBbIX ONMIOHYKIIEOTUOOB). AHANIM3NPYS UMEKOLLMECS AaHHble 1 OLEHMBasi BO3MOXHOCTb
[MarHOCTUKM 1 Tepanun aMcTpodum [ollieHHa C MOMOLLIbO 9TUX BE3UKYS, Mbl MPEAnonaraem, HYTo 3K30COMbI MOTyT 3aHsTb MECTO B apceHase nccnegosarenei

n Bpa‘—lel7|, €CN yoacTCca PeLlnTb HEKOTOPbIE TEXHNYECKe I‘IpOﬁJ’IeMbI.

KnioueBble cnosa: muoamcTpodus [ioleHHa, 3K30COMbI, aapecHas 4OCTaBKa, XXMOKOCTHaA B1oncus, reHeTn4eckas Tepanvs

Wndopmaums o Bknage astopos: /1. V. TankuH, T. B. EropoBa — aHaima nnTtepaTypbl, HanvMcaHne TekcTa CTaTtbu.

><] Ons koppecnoHpeHuun: TatbsiHa BnagummnposHa Eroposa
yn. Basunosa, 34/5, . Mockga, 119334; t.dimitrieva@marlinbiotech.com

Cratbst nony4eHa: 21.07.2019 CtaTtbsi npuHsaTa K neyatu: 05.08.2019 Ony6nukosaHa oHnanH: 12.08.2019

DOI: 10.24075/vrgmu.2019.049

Duchenne muscular dystrophy (DMD) is an X-linked recessive
disorder caused by mutations in the DMD gene resulting in the
deficient or dysfunctional protein known as dystrophin. The
disease is characterized by progressive muscle degeneration
and fibrosis. Patients lose ambulation at the age of 8 to 12
years and die in their 20s, usually from cardiac or respiratory
failure. Those with partially functional dystrophin develop a
milder form of the disease called Becker muscular dystrophy.
The majority of currently existing strategies for managing
DMD only seek to alleviate its symptoms and include physical
therapy and exercise, minor orthotic interventions aimed at
preventing contracture, assisted ventilation, and glucocorticoids
[1]. These treatments give the affected patients the chance to
walk and move independently for longer and increase their life
expectancy to 30 years. Obviously, they cannot eliminate the
cause of the disease, unlike gene therapies, which can restore
dystrophin expression and function. Gene therapies for DMD
range from adeno-associated viral vectors (AAV) for the delivery
of microdystrophin (a truncated but functional version of the

BULLETIN OF RSMU | 4, 2019 | VESTNIKRGMU.RU

protein) to the muscle [2], to exon skipping (pre-messenger
RNA splicing mediated by modified oligonucleotides or
CRISPR/Cas systems) [3]. Each of the listed approaches has
its own limitations and downsides. AAV-based dystrophin
delivery can provoke an unwanted immune response to capsid
proteins. Besides, due to the small packaging capacity, the
vector can only carry a shortened version of dystrophin inferior
to the full-length protein in terms of its function. The efficacy
of exon skipping is low. It targets a narrow range of mutations
and, therefore, can be beneficial for a small subpopulation
of patients [3]. Challenges associated with drug delivery to
muscles are the primary hurdle affecting the efficacy of both
conventional and innovative DMD treatments. This spurs the
development of novel approaches. Recently, exosomes have
been receiving increasing attention as promising drug delivery
systems [4].

Exosomes are the smallest extracellular vesicles secreted
by cells into the extracellular environment, such as blood,
lymph, growth media, etc. They are usually reported to be
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40 to 100 nm in size; larger exosomes sized up to 150 nm
are rarely reported. Unlike other extracellular vesicles, such as
apoptotic bodies (50 to 1,000 nm in diameter) or microvesicles
(100 to 300 nm in diameter) “blebbed” from the cell membrane,
exosomes are secreted after a multivesicular body has fused
with the membrane [5]. Initially, exosomes were thought to
be “trash bags” responsible for disposing of cellular waste.
Later, they were shown to mediate intercellular communication
by transporting proteins, RNA and other molecules [5]. On
their lipid membrane, exosomes carry a number of surface
proteins, including CD9, CD63 and some others, as well as
the components of the major histocompatibility complex. On
the one hand, these surface proteins prevent exosomes from
being eliminated from the bloodstream; on the other hand,
they stimulate receptor-mediated endocytosis [6, 7]. One
way of modifying exosome surface proteins is click chemistry.
Alternatively, cell cultures can be engineered expressing
an exosomal surface protein that contains a guide peptide
sequence. The guide peptide on the surface of exosomes
enhances their affinity for the receptors found on the target
cells [6, 8]. Similarly, exosomes can be loaded with useful
cargoes — biological macromolecules (nucleic acids, proteins)
and low molecular weight compounds (inhibitors and antisense
oligonucleotides, ASO) [6]. Compared to liposomes, exosomes
seem to be much more effective and appealing candidates for
drug delivery because they can be directed precisely into the
target tissue once their surface has been modified; they also
demonstrate low immunogenicity and high loading potential.
There have been attempts to use exosomes for therapeutic
applications [9], but generally such therapies are still in
development. Most often, exosomes are employed as effective
diagnostic markers of cancer, cardiovascular and neurological
diseases [9].

Exosomes for Duchenne
muscular dystrophy: diagnostics

The diagnosis of Duchenne/Becker muscular dystrophy is
based on the results of molecular and genetic tests (PCR,
MLPA, sequencing) that can accurately localize and identify the
causative mutation. Muscle biopsies are performed in difficult
cases to estimate the amount of dystrophin, its distribution in
the muscle tissue and the overall condition of muscle fibers.
Importantly, patients with DMD should be monitored throughout
treatment. However, frequent biopsies are poorly tolerated by
patients and provide information about a small area of the
affected muscle. A 6-minute walk test is relevant for outpatients
only, and its result is largely determined by the ability of a patient
to concentrate and their willingness to follow the instructions.
This necessitates development of minimally invasive and
reliable methods for the assessment of a patient’s condition
during and after therapy. The solution might be provided by
a type of so-called “liquid biopsy”: the analysis of microRNA
contained in exosomes isolated from a patient’s blood. So far,
several microRNAs have been explored, including miR-1, miR-
21, miR-29, miR-31, miR-29, miR-133, miR-133b, and miR-
206, that participate in muscle tissue repair and differentiation.
Three main muscle-associated microRNAs (miR-1, miR-133
and miR-206) are elevated in the blood serum of patients with
DMD; interestingly, miR-206 levels are increased even in the
female carriers of the defective gene [10]. Some authors point
to another large group of microRNAs (miR-22, miR-30, miR-
95, miR-181, miR-193b, miR-208a, miR-208b, miR-378, and
miR-499) that could serve as a DMD marker; however, these
data need further confirmation. Still, the dynamics of exosomal

muscle-associated microRNA in the course of treatment with
such drugs as Eteplirsen (a phosphorodiamidate morpholino
oligomer from the class of synthetic ASO used for exon skipping
[3]) can provide valuable information about the efficacy of the
applied therapy [10].

Exosomes for Duchenne muscular dystrophy:
therapy based on native exosomes

Attempts to harness stem cells for therapeutic applications
date quite far back. Stem cells tested in DMD models are
cardiac progenitor (“cardiosphere-derived”) cells [11]. The
clinical trials of the drug based on such cells is now in Phase II.
The therapeutic effect of stem cells is linked to their ability to
stimulate tissue differentiation and regeneration. Recent studies
demonstrated that exosomes shed by stem cells mediate signal
transfer from stem cells to the target tissue. A study conducted
in mdx mice revealed that intracardiac [11] and intravenous
[12] administration of exosomes derived from cardiospheres
reproduced almost all beneficial effects of exosomes naturally
delivered by stem cells. Interestingly, dystrophin was detected in
the muscle tissue following the administration of cardiosphere-
derived exosomes, but no dystrophin or its mRNA were found
inside the exosomes. The analysis of RNA contained in the
exosomes revealed that the latter were enriched in miR-148a.
Intramuscular injections of miR-148a led to a partial restoration
of dystrophin levels, suggesting a possible mechanism of action
for cardiosphere-derived exosomes [11]. Similarly, exosomes
originating from other sources, such as C2C12 [13, 14] and
placental [15] cells, stimulated muscle regeneration, reduced
fibrosis and improved the functional state of the muscle. The
beneficial effect of exosomes derived from placental cells
was determined by microRNA (miR-29). That said, it should
be noted that little attention has been paid to the possible
treatment-related adverse events. Most often, the side effects
of therapeutic exosomes on experimental animals are estimated
by measuring animal weight, levels of hepatic enzymes and
blood urea; the immune response remains overlooked.

Exosomes for Duchenne muscular dystrophy: exosomes
loaded with therapeutic agents. Targeted delivery

Although native exosomes hold promise for DMD treatment,
they do not solve the key problem of dystrophin deficiency,
similar to existing approaches. Using exosomes as drug
delivery platforms may offer the long-awaited solution. The
idea of delivering full-length dystrophin, its truncated version
(microdystrophin) or the gene itself to the target tissue looks
appealing. However, the full-length dystrophin molecule is 150-
180 nm in size, which exceeds the maximum possible diameter
of an exosome. This means that attempts to load the protein
or its coding sequence onto an exosome may fail. However,
exosomes can be employed for delivering low molecular weight
compounds. Some of DMD treatment options rely on the use
of synthetic ASO. In one of the studies, a peptide capable of
binding selectively to the exosomal surface protein CD63 was
conjugated to ASO. The resulting compound enabled more
effective exon skipping, as compared to the unconjugated
antisense nucleotide. Moreover, when bound to the M12
muscle-specific peptide, the above-mentioned peptide
facilitated targeted delivery of exosomes into the muscle tissue [6].
In another study, exosomes were derived from transfected cells
that expressed the chimeric protein Lamp2b (the lysosomal
protein appearing also on the surface of exosomes) fused with
muscle- or neuron-specific peptides. The modified exosomes
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succesfuly delivered effector molecules (short interfering RNA)
into the target cells and tissues [8].

CONCLUSIONS

In spite of extensive effort, there is no effective treatment
for Duchenne muscular dystrophy. Existing therapies are
symptomatic and have serious limitations. Exosomes
boast low immunogenicity; in addition, their surface can be
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MOLECULAR-GENETIC AND PHENOTYPIC CHARACTERISTICS OF DESMOID-TYPE FIBROMATOSIS
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Desmoid-type fibromatosis (DF) is a rare mesenchymal tumor occurring in only 2 to 4 people per 1,000,000 population a year. Desmoid tumors are either seen
sporadically or in individuals with familial adenomatous polyposis (FAP). The etiology of sporadic DF is uncertain. The aim of this study was to estimate the potential
significance of germline mutations in the APC gene in patients with sporadic DF. APC exons were amplified, studied using conformation sensitive gel electrophoresis
and then Sanger-sequenced. The obtained data were processed in Statistica 10. Mutations were detected in 6 (12%) of 51 participants with sporadic DF. Those
6 patients shared a typical DF phenotype characterized by early age of onset (5.8 years on average, in contrast to the patients without APC mutations, who
developed DF at 19 years of age; p = 0.02), severe clinical course, multifocal localization on the trunk, and poor prognosis. All of the detected APC mutations were
localized to the 3'-end of the gene. For the purpose of comparison, we analyzed a sample of 12 patients with FAP-associated DF. Of those patients, 6 carried
mutations in the APC gene. In the analyzed sample, the patients with FAP and the mutant APC gene developed DF at older age (35 years) than the patients with
sporadic DF (o = 0.004) and their tumors were not multifocal. This means that sporadic and FAP-associated desmoids have different phenotypes in patients with
APC mutations. Patients with sporadic tumors have mutations at the 3'-end of the APC gene more often than individuals with FAP-associated DF. To our knowledge,
this is the first study to characterize the subtype of sporadic desmoid fibromatosis phenotypically determined by germline mutations in the APC gene.
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MONEKYNAPHO-FrEHETUHECKUE N ®EHOTUTMTNHECKWE OCOBEHHOCTU C/TYHAEB BO3SHUKHOBEHUSA
OECMONOHOINO ®MBEPOMATO3A

T. A. Mysadhaposa', O. B. Hosukosa?, W. tO. Caukos?, . M. Kunkeesa! ™= E. K. MuHTep!, A. B. KapnyxuH!

" MenVKO-reHeTUYECKIIA Hay HbIN LeHTP UMeHn H. . Boykosa, MockBa, Poccuist
2 MOCKOBCKMIN Hay4YHO-1CCeaoBaTeNbCKAi OHKONMOMMHECKMA MHCTUTYT UMenn . A, Tepuera, Mockea, Poccust
8 [ocynapCTBEHHbIN Hay4HbIN LIeHTP KosionpokTonornn nvenn A. H. Pebknx, Mocksa, Poccunst

LecmoungHble durbpombl (AP) — penkne Me3eHxXMManbHbIE ONyxonu C YacTOTON BO3HUKHOBEHUS 2—4 cnydasd Ha 1 MAH venosek B rof. OHM MOryT BO3HMKATb
Kak Ccropaamn4eckn, Tak v B accoupaumm ¢ CeMeiHbIM afeHomaTtosHbiM noamnnosom (CAM). Mpupoga BO3HWKHOBEHWS crnopaanyecknx [O® paHee He 6bina
BbIiCHeHa. Llenbto ncenenoBanmns 6bi10 onpeaenTs BO3MOXHYIO 3HA4YUMOCTb repMUHasTbHBIX MyTaLwmin reHa APC y naumeHToB co cnopagmdeckumiy [Id. OK30HbI
reHa APC aMnanuvumpoBany n UCCNeaoBan ¢ NOMOLLbIO KOH(OPMALWMOHHO-HyBCTBUTENBHOMO 3NeKTpodopesa B MONMakpunammgHoM rene 1 NocneaytoLero
cekBeHnpoBaHus Mo CaHrepy. CTaTucTUHeCKyto 06paboTKy PesynsTaToB MPOBOAUAM C MOMOLLbO MakeTa nporpamm «Statistica 10». [MNpw nccnegosarm 51 cnyyas
cnopagndecknx O® myTaumm BbiBneHs! y 6 Yenosek (12%). MNauvieHTbl ¢ BbISBNEHHBIMI MyTaLMAMM UMENN XapakTePHbIN (DEHOTUM: PaHHIOID MaHUdecTaLmio
(B cpegHem B 5,8 roga, B TO BpeMs Kak y naumeHToB 6e3 Mmytaumin — B 19 net (p = 0,02)); Tshkenoe TeveHne 3abonesannsi; MynstidokanbHblin pocT OO,
JIOKaIM30BaHHbIX Ha TYNOBULLE, 1 HEOGNAronpUSTHbIA MPOrHO3. Bee BbisiBNeHHble MyTaLwmn Bbinn 0bHapy>keHbl B obnactu 3'-koHua reHa APC. [na cpasHeHus co
crnopagmieckmm Oblnn nccnenosarsl [P, ceasaHHble ¢ CAlM (12 Yenosek), MyTaumn BoisBAieHb! y 6 13 HiX. Mpu MyTaumm B reHe APC y naupeHTos ¢ CAT He 6b110
BbIABNEHO Cry4aeB MHOXeCTBeHHbIX [P, dhrbpombl y naupeHToB ¢ CAl pasdsrBanncb no3xe (35 neT), 4em y naumeHToB co cnopaguyeckuvn P (p = 0,004).
CnepoBaTtesnibHO, MpU MyTaLysix B OOHOM 1 TOM e reHe deHoTunbl criopaguyeckux 1 [P, cesizaHHbix ¢ CAl, paznnynbl. [Ansg cnopaguyeckoro [® xapaktepHo
6osiee YacToe pacnonoxeHne mytaumii Ha 3'-koHue reHa APC no cpasHeHntio ¢ ® npu CAll. Takvm obpasom, Brnepsble cpean cnopagudeckux Od
oxapakTepu3oBaH MOATUM C (DEHOTUMNHECKMMI OCOBEHHOCTSAMM, OBYCNOBNEHHBIMY FEPMUHATTBHBIMU MyTaumsmm B reHe APC.

KnioueBble cnoBa: cnopaamyeckumii agecMonaHbivi ombpomatos, reH APC, MynbTUhOKabHbIE AECMOUHBIE OMYXO/W, CeMelHbIl afeHOMaTO3HbIV MNoNMNo3
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Desmoid tumors, also known as desmoid-type fibromatosis  cells and abundant collagen fibers. A desmoid lacks a
(DF), are heterogenous benign neoplasms arising from deep  capsule and can entrap muscle fibers at the periphery,
fasciae and aponeuroses. They infiltrate the surrounding  causing their atrophy. Besides, the tumor can send out long
soft tissues but do not have the capacity to metastasize.  narrow extensions that sometimes reach 20 to 30 cm in
Desmoid tumors are composed of spindle (fibrocyte-like)  length.
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DF can occur aimost anywhere in the body. Based on the
lesion site, DF is categorized into extra-abdominal (the abdominal
or chest walls, extremities, neck, or pelvis) and intra-abdominal
(the mesentery and the retroperitoneum). Technically, desmoid
tumors are benign because they do not metastasize. However,
they tend to aggressively proliferate and persistently recur after
surgical treatment, bearing similarity to cancer [1].

Desmoid tumors can grow enormously large in size and
become a life-threatening condition. DF occurs in 2 to 4 per
1 million people a year [2]. Treatment of desmoid tumors is
complicated by their propensity for infiltrative growth and locally
aggressive behavior. Usually, surgical resection is the preferred
option. However, the postoperative recurrence rate remains
high, varying from 45 to 90% [3].

Desmoid tumors either occur sporadically or are associated
with familial adenomatous polyposis (FAP), an inherited condition
of the colon that eventually transforms into colon cancer.
The majority of FAP cases are caused by a mutation in the
adenomatous polyposis coli (APC) gene. Ten to fifteen percent
of patients with FAP also have DF. The risk of developing DF is
2.56 cases per 1,000 FAP patients a year, which is 852 times
higher than in the general population [2]. Unlike sporadic DF,
80% of FAP-associated desmoid tumors are intra-abdominal.
DF predominantly affects women and can manifest itself at any
age although the typical age of onset is between 30 and 40
years. Most FAP-associated desmoids develop within 5 years
after surgery [4].

The etiology of sporadic DF is uncertain. Some patients with
sporadic DF are reported to carry somatic mutations in the APC
gene; however, such type of mutations is more commonly found
in the CTNNB1 gene that codes for B-catenin [5-6], a protein
involved in the Wnt signaling pathway. Mutations in CTNNB1
result in the accumulation of B-catenin in fibroblast nuclei,
which, in turn, disrupts cell differentiation and communication
between the cells [7].

Genetic causes of DF and their association with clinical
manifestations of the disease remain understudied. Because
DF frequently occurs in FAP-stricken patients, it would be
natural to hypothesize that predisposition to sporadic DF
is determined by mutations in the APC gene. However, the
literature on germline mutations in the APC gene in patients
with sporadic DF is scarce [8, 9].

In this work we attempted to estimate the potential
significance of germline mutations in the APC gene in a sample
of patients with sporadic DF and without a family history of
adenomatous polyposis. For the purpose of comparison, we
also analyzed molecular characteristics of the APC gene in
patients with DF and FAP.
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METHODS

The study was conducted at the Laboratory of Molecular
Genetics (Bochkov Research Center for Medical Genetics)
in 2012-2017. Two patient samples were analyzed. The first
sample consisted of 51 patients (21 males and 30 females)
with DF. The patients’ age ranged from 1 month to 60 years
(see Fig.); the median age was 16.8 years. Blood samples were
provided by Hertsen Moscow Research Oncology Center where
the patients had presented at. The following inclusion criteria
were applied: a confirmed diagnosis of DF; no gastrointestinal
complaints that could be indicative of diffuse polyposis of the
colon; no family history of adenomatous polyposis; no family
history of DF. All desmoid tumors in the first patient sample
were considered sporadic.

The affected sites included the back, chest and abdominal
walls, extremities, and the intra-abdominal region. Multifocal DF
was observed in 11 patients (see Results). In some patients the
lesions were recurrent.

The second sample comprised 12 individuals (2 males
and 10 females) shortlisted from a group of 65 patients
with FAP who had presented at Ryzhikh State Research
Center for Coloproctology; blood samples were provided
by the Research Center. The age of onset varied from 24
to 57 years and was 32.5 years on average. The following
inclusion criteria were applied: a confirmed diagnosis
of colonic polyposis and DF. Eight patients had a family
history of adenomatous polyposis. Family histories were
not available for 4 patients. In the second patient sample,
desmoid tumors appeared after surgery and were localized
to the anterior abdominal wall or intra-abdominally. The
majority of them were solitary.

DNA was isolated from peripheral blood leukocytes using
a standard phenol-chloroform extraction technique [10].
The spectrum of mutations in the APC gene was analyzed
as described in literature [11]. The coding exons of the
APC gene were amplified using exon-specific primers. The
PCR products were studied by conformation-sensitive
polyacrylamide gel electrophoresis (silver staining). The gene
was Sanger-sequenced in order to identify conformational
changes to its primary structure. For sequencing, we used
a Big DyeTM Terminator v. 3.1 Cycle Sequencing kit and an
ABI Prism 3130x1 genetic analyzer (Applied Biosystems;
USA). The obtained chromatograms were analyzed in
ChromasPro, NCBI BLAST and Ensembl genome browser 91.
The NM_000038.6 sequence of the APC gene was used as a
reference. Statistical processing was aided by Statistica 10.0
(StatSoft; USA).

31-40 41-50 51-60

Age at diagnosis (years)

Fig. Age distribution of patients with sporadic DF
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RESULTS

The APC gene was analyzed in 51 patients with sporadic DF.
Six (12%) patients were found to carry germline mutations in
this gene. Table 1 lists the mutations we detected, the age of
the patients at the time of diagnosis, the number of lesions
(single or multiple), and their location in the body.

Of 6 detected mutations, 2 were not described previously,
including ¢.4386-4390 delGAGAG (1462delGAGAG) and
€.4575insT (1525insT). Both mutations result in a frame shift
and a premature stop codon and are, therefore, deleterious.

The ¢.4575insT mutation was found in a female patient
(patient 1, see Table 1) with severe DF that manifested at 9 years
and was multifocal. The endoscopic examination conducted
at the age of 19 years revealed no signs of colonic polyposis.

The mutation ¢.4386-4390 delGAGAG was observed in
patient 2 (Table 1). The onset of the disease occurred at the
age of 1 month. Since early childhood, the patient had had
multiple growing lesions in the chest wall. By the age of 18
years, the patient had gone through 5 surgical interventions, a
few chemotherapy courses, hormone treatment, and radiation
therapy, to no avail. This case of DF can be classified as
extremely severe and resistant to treatment. The mutation found
in patient 2 (¢.4386-4390 delGAGAG (1462delGAGAG)) was
not previously reported in other populations [12-14]. Also, it
was not detected in the blood samples of the patient’s parents,
so it can be considered a de novo mutation. The sensitivity of
the applied method allows detecting 1 to 5% of mutant alleles,
which means that APC mosaicism in the parents is highly
unlikely [15].

Three unrelated patients had an identical mutation ¢.4393-
4394 delAG (1465delAG), whose clinical manifestations
were, nevertheless, different. One of its carriers, a 28-year-
old woman, had multiple lesions in the chest and abdominal
walls and the intra-abdominal region. The age of onset was
17 years. At the time of our study, her colonoscopy was
negative for colon polyps. Among the two other patients
with the same mutations were a boy with multiple desmoids
present at birth (the lesions were localized to the chest and
the low back) and a girl with a solitary desmoid tumor on the
low back developed at the age of 2 years. Interestingly, the
age of onset, the number and location of the tumors were
different in those 3 patients. Perhaps, DF sites varied between
the patients because 2 of them were quite young. So, we
cannot rule out the possibility of multifocal growth later in
the children’s life. It is also possible that the progression of
the disease may be affected by environmental factors and
differences in the patients’ genotypes.

The ¢.4348C/T; p.R1450X mutation was detected in 1
patient with multifocal DF. The age at onset was 15 years. The
patient had undergone multiple surgeries, a few chemotherapy
courses and hormone treatment. By the time of our study, the
growth of the tumor had been halted.

Table 1. Mutations in the APC gene in patients with sporadic desmoid fiboromatosis

ORIGINAL RESEARCH | GENETICS

All patients with APC mutations reported an early onset
of the disease. Most of them (5 of 6) had multiple desmoids
resistant to therapy. In spite of the received treatment, the
prognosis was still poor for 3 (50%) of patients. DF was severe
in 3 of 6 patients with mutant APC, which was more frequent
than in the patients who did not carry a germline mutation in
this gene (2 of 45). This difference was statistically significant
(o =0.01).

The age of onset varied from 1 month to 17 years in the
patients with mutant APC (Table 1), the median age being 5.8
years. In the patients who did not have mutations in the APC
gene, the age of onset varied from 1 month to 60 years (Fig. 1),
and the median age was 19 years. The difference in the median
values was statistically significant (o = 0.022; U-test).

Alll APC mutations described above were detected in 6
(23%) of 26 patients with desmoid tumors on the trunk. Patients
with differently localized DF had no mutations in the APC gene
(Table 2). Generally, mutations in the APC gene occurred more
often in the patients with DF lesions localized to the trunk
than in the patients with different lesion sites (p = 0.023). This
phenomenon is not predicated on the accumulation of multiple
desmoid tumors on the trunk (which would indicate random
accumulation of the lesions in the carriers of APC mutations)
because the frequency of their occurrence on the trunk was not
significantly higher in comparison with other lesion sites (Table 2;
p=0.17).

Of 51 patients, 11 had multifocal DF. Five (45%) of those
individuals had germline mutations in the APC gene (Table 1).
In the group of patients with solitary DF (40 individuals) only
one carried an APC mutation (1/40, or 2.5%). The difference
in the incidence of APC mutations was statistically significant
(o = 0.001). The odds ratio value also suggested an association
between APC mutations and multifocal DF (OR = 32.5; 95% Cl:
3.22-326.31). Thus, mutations in the APC gene were mainly
seen in the patients with multiple desmoid tumors.

Summing up, the mutations in the APC gene were linked
to the tumor location on the trunk and its multifocal growth
(Table 2).

Such significant number of mutations (12%) in the patients
with sporadic DF who do not have clinical signs and/or family
history of adenomatous polyposis suggest that patients with
FAP and patients with sporadic DF can carry different mutations
in the APC gene. All mutations detected in the patients with
sporadic DF were localized 3' of codon 1444.

Bearing that in mind, we decided to study a sample of
patients with FAP and co-occurring DF. Of 65 patients with FAR,
12 had DF. Germline mutations in the APC gene were observed
in 6 out of 12 patients with both FAP and DF (Table 3).

Clinical presentations of fibromatosis did not differ between
FAP patients regardless of the presence of APC mutations.
The age of DF onset in the FAP carriers of APC mutations
varied from 28 to 57 years (Table 3). The median age in this
group of patients was 35.5 years; it did not differ significantly

Ne Lesion site Name of APC mutation Age at DF onset

1 | Multiple lesions; chest and abdominal walls €.4575insT (1525insT) 9 years

2 | Multiple lesions; chest and abdominal walls ¢.4386-4390 delGAGAG (1462delGAGAG) 2 months

3 | Multiple lesions; chest wall, lower back R1450X (c.4348C/T) 15 years

4 Il\/lultl_ple lesions; chest and abdominal walls; intra-abdominal ¢.4393-4394 delAG (1465d6lAG) 17 years
ocation
Multiple lesions, chest wall, lower back €.4393-4394 delAG (1465delAG) 1 month

6 | Back €.4393-4394 delAG (1465delAG) 2 years
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from the median value (29 years; the range of 24-36 years) for
the patients who did not have APC mutations.

None of the patients with FAP and co-occurring DF had
an APC mutation 3' of codon 1444 (Table 3). In patients with
sporadic DF, all detected mutations were located 3' of codon
1444 (Table 1). The difference in the sites of APC mutations
in sporadic and FAP-associated DF was statistically significant
(o = 0.0022, OR = 144; 95% Cl: 2.43-8517.50), i.e. in the
patients with sporadic DF, mutations tended to occur at the
3'-region of the gene more often than in the individuals with
FAP-associated desmoid tumors.

The patients with sporadic DF and APC mutations tended
to develop the condition much earlier in life than carriers of
the same mutations with FAP-associated DF (the median age
was 5.8 and 35.5 years, respectively; p = 0.004; U-test). No
statistically significant differences were observed between the
patients who did not have APC mutations but had sporadic or
FAP-associated DF in terms of DF onset (p = 0.09).

Multifocal DF was more common in the patients with APC
mutations and sporadic DF (5/6) than in the individuals with
APC mutations and FAP (0/6): OR = 60; 95% CI: 1.64-2187.79;
p =0.015.

DISCUSSION

In this study, we investigated germline mutations in the APC
gene using a sample of 51 patients with sporadic desmoid
fioromatosis. All patients had no clinical manifestations or
family history of FAP. Six patients (12%) were found to have
pathogenic mutations, two of which had not been reported
previously, including 1525insT and 1462delGAGAG. In
previous works, APC mutations were studied in patients with
sporadic and FAP-associated DF, but detected them only in
individuals with FAP but not sporadic DF. This can be explained
by specific research objectives or the characteristics of the
studied samples. For instance, only 1 case of multifocal DF was
included in the sample studied in [16].

It is quite rare that desmoid-type fibromatosis manifests
itself in infancy. The available literature presents only several
clinical cases of early DF [17, 18]. In our sample of patients with
sporadic DF and APC mutations there were 3 cases of early
DF onset: two patients were diagnosed at 1 and 2 months,
respectively, and one patient, at the age of 2 years.

In our study, all APC mutations in the patients with
sporadic DF were 3' of codon 1444 and associated with the
severe clinical course, multifocal growth and early onset.
In this group of patients, the median age at onset was 5.8
years, as compared to 19 years for the patients who did not
carry APC mutations. In the carriers of APC mutations, all
desmoid tumors were localized to the trunk, although such
lesion site was not more frequent than other locations (Table 2;
p = 0.17). This is one of the findings that were unknown
previously. There are reports of families with hereditary desmoid
tumors. For example, the literature describes a case of a family
in which 3 generations have been affected by desmoid-type
fioromatosis. Their condition is linked to a frameshift mutation
in codon 1924 of the APC gene. In this family, DF were both
extra-abdominal and intra-abdominal and the age of onset
varies from birth to 10-20 years. Of 9 members of the family,
3 had polyposis or cancer of the colon. Other known cases of
inherited DF are also linked to the mutations at the 3’-end of the
APC and characterized by multiple lesions and severe course
of the disease [19, 20].

It was interesting to compare the features of the detected
mutations and DF phenotypes between patients with FAP-
associated and those with sporadic desmoid tumors. Research
into the association between the patient’s genotype and clinical
presentations of FAP has yielded controversial results. A study
of the association between the site of an APC mutation and
the risk of DF in patients with FAP found no such association
[21]. Another study of a group of 14 patients with FAP and
co-occurring DF revealed that only two patients had the
mutation 3' of codon 1444 [22], which might be explained by
population characteristics of the sample. In our study, we used

Table 2. Associations between the mutations in the APC gene and different lesion sites/number of desmoid tumors

. ) Patients with desmoid-type fibromatosis Patients with multifocal desmoid-type fibromatosis
Lesion site Number of patients | Number of patients with mutant APC | Number of patients | Number of patients with mutant APC

Chest and/or abdominal wall 26 6 8 5

Intra-abdominal 3 - - -

Extremities 14 - 3 -

Other sites 8 - - -

Total 51 1

Table 3. Description of APC mutations and clinical data of patients with FAP and co-occurring DF

Ne Name of mutations DF description Age, years
1 | c.3464-3468 delAAGAA (1155del5) Postoperative DF of the root of the mesentery 57
2 | ¢.3927-3921delAAAGA (1309del5) DF of the postoperative scar tissue 28
3 | ¢.3930insA (1310insA) Postoperative DF of the root of the mesentery 34
4 | ¢.3183-3187 delACAAA (1061del5) Postoperative DF of the root of the mesentery 38
5 | ¢.2274-2278 delAGCCC p.K758Nfs (758-760 delAGCCC) | Postoperative DF of the abdominal wall 30
6 | 3496delT (1166delT) DF of the abdominal wall 33
7 - Postoperative DF of the abdominal wall 33
8 - Postoperative DF of the root of the mesentery 29
9 - Postoperative DF of the root of the mesentery 29
10 - Postoperative DF of the abdominal wall 29
11 - DF of the abdominal wall 24
12 - Postoperative DF of the abdominal wall 36
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a sample of Russian patients with FAP. Of 65 candidates with
FAP, 12 had DF (18%). This figure is close to that obtained
by other researchers: some report a value between 3.5 and
32% [23], while others, 10-15% [24]. Half of our patients with
FAP and co-occurring DF had mutations in the APC gene.
All 6 detected mutations were located at the 5' of codon
1444. The difference in the incidence of mutations in the region
distal to codon 1444 between sporadic and FAP-associated
DF was statistically significant (p = 0.002). We compared the
values obtained for the patients with FAP-associated DF with
the occurrence of similarly located mutations in the pooled
international sample of FAP patients [25]. The difference was
insignificant (p = 0.34). At the same time, our values for sporadic
DF differed from those for FAP-associated DF reported by other
researchers (p = 0.0002) [25]. This leads us to conclude that
sporadic desmoid tumors occurring in patients with no signs
or family history of FAP are more often caused by mutations
3' of codon 1444 in comparison with FAP-associated DF.

In our sample, all patients with FAP developed desmoid
tumors only after surgery; the tumors occurred either
intraperitoneally or in the abdominal wall. Other researchers
report the same pattern [26, 27].

In our patients with the mutant APC gene, sporadic DF was
mainly multifocal and localized to the chest or abdominal walls.
Intrabdominal lesions are typical for patients with FAP and less
common in sporadic cases of the disease [25]. Most likely, the
abdominal location of the tumor in patients with FAP is the
result of tissue injury during surgery [28]. No direct association
with tissue injury was observed in our study for the patients
with sporadic DF and APC mutations.

In our sample, the median age of onset did not differ
between the FAP patients with and without mutations, but was
significantly lower in the patients with sporadic DF and germline
mutations in the APC gene. For those who did not carry APC
mutations, the age at diagnosis did not differ significantly
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ASSOCIATIONS BETWEEN BLOOD AND CEREBROSPINAL FLUID FLOW IMPAIRMENTS ASSESSED
WITH PHASE-CONTRAST MRI AND BRAIN DAMAGE IN PATIENTS WITH AGE-RELATED
CEREBRAL SMALL VESSEL DISEASE
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Hemodynamic parameters of blood and cerebrospinal fluid (CSF) flow can be measured in vivo using phase-contrast MRI (PC-MRI). This opens new horizons for
studying the mechanisms implicated in the development and progression of age-related cerebral small vessel disease (SVD). In this paper, we analyze associations
between cerebral arterial, venous and CSF flow impairments and SVD features visible on MRI. The study was carried out in 96 patients with SVD (aged
60.91 + 6.57 years) and 23 healthy volunteers (59.13 + 6.56 years). The protocol of the MRI examination included routine MRI sequences (T2, FLAIR, T1, SWI, and
DWI) applied to assess the severity of brain damage according to STRIVE advisory standards and PC-MRI used to quantify blood flow in the major arteries and veins
of the neck, the straight and upper sagittal sinuses, and CSF flow at the agueduct level. We analyzed the associations between linear and volumetric parameters
of blood/CSF flow and the degree of brain matter damage using the Fazekas scale. We observed a reduction in tABF, stVBF, sssVBF, agLF, Saq, and ICC values
and a rise in Pi associated with WMH progression, as well as a gradual decline in tABF and an increase in Pi, Sag and ICC associated with a growing number of
lacunes (p < 0.05). Patients with early (< 5) MB had lower sssVBF and stVBF rates in comparison with patients without MB; agLF, Saq, and ICC values were elevated
in patients with 5 to 10 MB, as compared to patients without MB or early (< 5) MB. The established associations between MRI findings in patients with SVD and
blood/CSF flow impairments suggest the important role of mechanisms implicated in the disruption of Monro—Kellie intracranial homeostasis in promoting SVD.
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BJIMAHUE HAPYLLEEHUA KPOBOTOKA U JINKBOPOTOKA MO JAHHBIM ®A30B0O-KOHTPACTHOM
MPT HA COCTOSAAHVE MOJIOBHOIO MO3IA NPU BO3PACT-3ABUCUMON
LIEPEBPAJIbHOV MUKPOAHIMOMNATUN

E. . KpemHesa' ™, B. M. AxmeTasHog?, J1. A. [lo6pbiHuHa', M. B. KpoteHkosa'

" HayuHblin ueHTp HeBponorumn, Mockea, Poccus
2 000 «[M3T-TexHonomku», Yha, Poccust

MeTopn dazoBo-koHTpacTHo MPT (PK-MPT) ronoBHOro mMosra no3BONSET in Vivo OLUEHUTb NokasaTenn KpoBOTOKA U JIMKBOPOTOKA, YTO OTKPbIBAET HOBbIE
BO3MOXXHOCTW B UCCNEAOBaHWM MEXaHN3MOB PasBUTVS 1 MPOrPEeCCUMPOBaHNS BO3PacT-3aBMCUMON LiepebpansHol Mukpoanronatum (LIMA). Liensto paboTbl
ObINI0 NPOBECTN aHaNM3 3HAYUMOCTN HAPYLLEHWI LIepebpanbHOro apTepuanbHOro, BEHO3HOMO KPOBOTOKA M IMKBOPOTOKA B (hopmmposaHn MPT-npraHakos
LIMA. Vccneposanm 96 6onbHbIx ¢ LIMA (60,91 + 6,57 neT) n 23 300poBbix AobpososbLa (59,13 + 6,56 neT). Mpotokon MPT Bktodan B cebs pexxkmbl T2, FLAIR,
T1, SWI, OBV onsa oueHKn nopakeHrst ronoBHOro Moara cornacHo ctaHgapTam STRIVE, a Takke ®K-MPT ¢ oueHKo KpoBOTOKa B MarcTpasibHbIX apTepusix
1 BEHax Len, B MPSMOM 1 BEPXHEM CarnTTaslbHOM CUHYCaXx, JIMKBOPOTOKA Ha YPOBHE BOAOMPOBOAA MO3ra. [MpoBoanan KOPPENALMIO IMHEAHbIX 1 O6BEMHbIX
riokasartesnein KpoBOTOKa 1 NIMKBOPOTOKA C MOPaXeHeM BELLLECTBA MO3ra B 3aBMCYMOCTM OT CTEMeHN TSHKeCTU M3MeHeHWi (Lukana Pagekac). OTMEYHO CHUKEHVE
tABF, stVBF, sssVBF, agLF, Saq, ICC v nosbiweHve Pi no mepe nporpeccupoBanms BB, nocteneHHoe cHvkeHve tABF 1 nosbiweHne Pi, Saq 1 ICC no mepe
YBENMMH4EHNS Ymcna nakyH (o < 0,05). 3HadeHns sssVBF 1 stVBF Takke JOCTOBEPHO CHWKAMCE B rpyrnne paHHux (< 5) MKP no cpasHeHmio ¢ 6oneHbiMm 6e3 MKP,
a agLF, Saq, ICC ysenmunBanuck B rpynne 60osbHbIx ¢ 5-10 MKP no cpasHeHuto ¢ 60nbHbIMY 663 MKP 1 paHHuMin (< 5) MKP. YcTaHoBneHne CBsiav N3MeHEHWIN
B apTepuasibHOM, BEHO3HOM KPOBOTOKE U NMKBOpoToke ¢ MPT-nposieneHusammn y 6onbHbix LIMA no3BonseT npegnonaraTs NaToreHeTUHECKyio 3Ha4YMMOCTb B
pas3snTn LIMA-MexaH3MoB, CBA3aHHbIX C HapyLLeHnemM romeoctasa MoHpo—Kennn.

KnioueBble cnosa: (ha3oBo-kKoHTpacTHad MPT, Bo3pacT-3aBrcumvas LepebpanbHas MUKPOaHMMonaTuns, MO3roBo KPOBOTOK, JIMKBOPOTOK
durHaHcupoBaHue: paboTa BbINoHEHa B pamMKax rocyaapcTBeHHoro 3aganmns OrbHY HLH.
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MR neuroimaging has enabled visualization of the tiniest
anatomical structures of the brain and provided new insights
into its functions, metabolism, blood supply and cerebrospinal
fluid (CSF) circulation. Phase contrast MRI (PC-MRI) is a
method of functional MR neuroimaging that yields information
about arterial, venous and CSF flows. In conventional PC-MRI,
two data sets are acquired and subtracted from each other
following the application of bipolar gradients with the same
magnitude but opposite directions. The net phase gain will be
0 for stationary spins. However, moving spins will undergo
a non-zero phase shift proportional to their velocity. This
happens in flowing media, where traveling protons experience
a stronger or weaker magnetic field following the application
of the second gradient, as compared to the first. Since the
amount of phase shift depends on the velocity of protons,
PC-MRI can be used to measure hemodynamic parameters
of the flow, including velocity [1]. When synchronized with
the cardiac cycle, the pulse sequence generates a series of
images containing flow velocity data that represent a particular
cardiac cycle phase. Thus, a single scan can yield both phase
and magnitude images, facilitating flow quantification and
brain anatomy visualization.

PC-MRI is mainly used to quantify cerebral fluid flow and
assess the efficacy of surgical treatment in patients with
hydrocephalus [2]. PC-MRI is a rapid, noninvasive and objective
technique for measuring the amount and velocity of arterial,
venous and CSF flows and their temporal relationship to cardiac
cycle phases; it also provides valuable information about
arteries, veins, sinuses and perivascular spaces that determine
cerebral compliance [3]. This makes PC-MRI an optimal tool
for studying central nervous system disorders arising from
the dysfunction of the mentioned intracranial components,
including cerebral microangiopathy, also known as small vessel
disease (SVD). SVE is essentially a combination of neuroimaging
features, morphological and clinical symptoms associated with
damage to small arteries, arterioles, capillaries and venules [4].
In Russia SVD is considered to be part of a broader concept
referred to as dyscirculatory encephalopathy (DE) [5]. The social
impact of SVD should not be underestimated: it accounts for at
least 20% of all strokes and 45% of dementia cases worldwide
[6]. Although the leading risk factors for SVD are hypertension
and age [4], the disease is often diagnosed in non-hypertensive
elderly patients; in many cases, its etiology is uncertain [7].
This has inspired research into the pathophysiology of SVD
and the role of other risk factors [6], including early endothelial
dysfunction accompanied by increased permeability of the
blood brain barrier (BBB), vasogenic cerebral edema, and white
matter damage that impair venous blood flow and affect CSF
circulation [8]. Studies elucidating the role of blood or CSF flow
impairments in brain damage in patients with SVD are scarce.
However, once their role is clarified, the new knowledge can
pave the way to novel therapeutic approaches for patients with
SVD. Since PC-MRl is a perfect tool for this task, we decided
to exploit it in our study. Below, we attempt to investigate the
associations between cerebral arterial, venous and CSF flow
impairments and SVD features visible on MRI.

METHODS

The main group consisted of 96 patients with SVD (31 men
and 65 women aged 60.91 + 6.57 years) referred to the
Research Center of Neurology. The following inclusion criteria
were applied: complaints of cognitive decline; MRI findings
suggestive of SVD (according to STRIVE neuroimaging
guidelines, those are recent small subcortical infarcts, lacunes,
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white matter hyperintensities (WMH), dilated perivascular
spaces (PVS), cerebral microbleeds (MB), and brain atrophy) [9].
Patients with dementia that prevented the examination, stroke
or brain damage caused by reasons other than SVD, aphasia,
contraindications for MRI, severe pathology, atherosclerosis
of major arteries of the head and neck (50% stenosis) were
excluded from the study. The control group comprised
28 healthy volunteers (8 men and 15 women aged 59.13 + 6.56
years) with no clinical symptoms and MRI findings suggesting
vascular or degenerative brain disease. All patients and all
controls underwent a standard neurological examination and
did standard neuropsychological tests; their ability to function
independently in daily life was also assessed. All participants
underwent an MRI scan.

Brain scans were performed using a 3.0 T Magnetom Verio
scanner (Siemens AG; Erlangen, Germany) with a 12-channel
head coil. Routine MR sequences were used to investigate
imaging features of the disease; PC-MRI was carried out to
quantify blood and CSF flows.

The protocol for routine MRI included the following
sequences: T2-spin-echo, 3D T1mpr, FLAIR, DWI, and SWI.
The acquired images were analyzed in RadiAnt DICOM Viewer,
version 3.0.2 (Medixant; Poznan, Poland) in compliance
with STRIVE neuroimaging standards. Diffusion-weighted
imaging revealed the absence of acute or subacute lacunar
infarcts; therefore, we will not discuss them in this work. Fig. 1
shows the basic MR sequences applied in the study and the
corresponding findings, including the location and extent of
the lesion. The patients were distributed into a few groups
based on the total severity of white matter lesions, which
was assessed using the Fazekas scale: F1 represented single
punctate lesions; F2, beginning confluency of lesions; F3,
confluent lesions [12, 13].

Cerebral circulation and CSF flow were assessed with PC-
MRI synchronized with a peripheral pulse sensor. The frame
rate was 32 frames per cardiac cycle. The following scan
parameters were applied: TR = 28.7 ms, TE = 8 ms, section
thickness = 5.0 mm, field of view =101 x 135 mm, matrix =
256 x 192 pixels; Venc (velocity encoding value) was 5-20 cm/s
for CSF flow and 60-80 cm/s for blood flow. The slice plane
was orientated strictly perpendicular to the direction of blood
flow in the internal carotid (ICA) and vertebral (VA) arteries at
the C2/C3 level, to the direction of CSF flow at the cerebral
aqueduct level and was also perpendicular to blood flow in the
straight and superior sagittal sinuses (Fig. 2). The images were
processed in Bio Flow Image, Flow Analysis Software, Version
04.12.16 (France). We calculated the amount of blood flow in
ICA and VA, the rates of total arterial blood flow (tABF, ml/min),
superior sagittal sinus venous blood flow (sssVBF, ml/min),
straight sinus venous blood flow (stVBF, ml/min), aqueduct
CSF flow (agLF, mm?®/s) and the area occupied by the cerebral
aqueduct (Sag, mm3).

Resistance and elasticity (stiffness) of the arterial wall were
measured using the pulsatility index (Pi) calculated by the
formula: Pi = (V_ -V N ... where V__ is the mean blood
flow velocity during one cardiac cycle, V__ and V_ are peak
and minimal values of blood flow velocity, respectively; the
index of intracranial compliance (ICC) = the amount of CSF flow
(mmV/s) at the cerebral aqueduct level divided by the amount of
blood flowing through an artery (mm?%/s); the latter is an area
under the arterial flow curve that lies above the mean value
of blood flow during the cardiac cycle. Elevated ICC means
a deterioration in the ability of the intracranial system, which
includes brain tissue, CSF and blood flowing in the vessels, to
adapt to an increased volume of any of its components or a
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Fig. 1. An algorithm used to assess MRl features of SVD. PWM — periventricular white matter; DWM — deep white matter; JOWM — juxtacortical white matter [10];
PS — perivascular space; VBC — ventricle to brain coefficient; GCA — global cortical atrophy [11]

lesion, such as a hematoma or a tumor, without inducing a rise
in cerebral pressure.

The acquired data were postprocessed in IBM SPSS
Statistics 23.0 (IBM Company; USA). The effect of independent
quantitative variables on dependent qualitative variables was
assessed by one-way ANOVA followed by pairwise comparison
and the least significant difference (LSD) test.

RESULTS

Basic characteristics of MRI features for SVD are provided in
Table. PVP > 10 were observed in the semioval centers of 94
(97.9%) patients and in the subcortical structures of all patients;
therefore, we analyzed the degree of their expansion only.

Associations between cerebral arterial blood flow
parameters and MRI features of SVD

The measured hemodynamic parameters of arterial blood
flow differed significantly (p < 0.05) between the patients with
different degrees of severity of WMH, lacunar cavities, PVS
dilation, and atrophy in the parietal, temporal and occipital
cortex. No associations were established between the severity
of MB or atrophy in other cortical regions and the values of
tABF and Pi. The LSD test revealed that the patients with a
Fazekas score of 3 had a significantly lower tABF rate and a
higher Pi than the controls or the patients with a Fazekas score
of 1 and 2. A gradual decline in tABF and elevated Pi were
observed in almost all patients with lacunes, as compared to
the patients who did not have lacunar cavities (Fig. 3).

Associations between cerebral venous blood flow
parameters and MRI features of SVD

One-way ANOVA revealed that the hemodynamic parameters
of cerebral venous flow in the upper sagittal and straight sinuses
(stVBF, sssVBF) differed significantly between the controls and

the patients with varying severity of WMH. Further post hoc
comparison of the mean values aided by the LSD test revealed
a statistically significant decline in stVBF and sssVBF rates in
the patients with Fazekas 3, as compared with the controls;
in such patients, the stVBF value was also lower than in the
patients with a Fazekas score of 2 (Fig. 4).

Using the same statistical tools, we found significant
differences in the hemodynamic parameters of cerebral
venous flow between the controls and the patients with varying
numbers of white matter and subcortical lacunes. A statistically
significant decline in stVBF and sssVBF values was observed
in the patients with 5 to 10 and > 10 white matter lacunes
in comparison with the patients without lacunes. Low stVBF
and sssVBF rates were seen in the patients with 5-10 and
> 10 lacunes and in the patients with > 10 and < 5 lacunes
in the subcortical ganglia, respectively, in comparison with the
patients who did not have lacunar cavities (Fig. 4).

The measured hemodynamic parameters of cerebral
venous blood flow differed significantly between the controls
and the patients with juxtacortical MB in different brain regions.
The post hoc analysis aided by the LSD test revealed a
statistically significant correlation between lower sssVBF/stVBF
rates and early MB (< 5) in the juxtacortical white matter of the
parietal lobe in comparison with patients without MB. We also
observed a decline in sssVBF values in the patients with early
MB (< 5) in the deep white matter of the posterior frontal lobe in
comparison with the patients without MB.

One-way ANOVA revealed statistically significant differences
in sssVBF rates between the controls and the patients with
dilated PVS and an association between stVBF/sssVBF rates
and atrophy of the parietal and temporal lobes.

Associations between blood flow parameters, intracranial
compliance and MRI features of SVD

The values of agLF, Saqg and the ICC index differed significantly
between the controls and the patients with WMH. The patients
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Fig. 2. A schematic representation of the PC-MRI procedure. A. Blood flow in the internal carotid and vertebral arteries. B. Blood flow in the straight and sagittal sinuses.

C. CSF flow at the cerebral agueduct level

with Fazekas 3 had lower aglLF, Sag and ICC than the
controls or patients with other Fazekas scores. Increased Saq
and elevated ICC were observed in the patients with over 10
white matter lacunes, as compared to the patients who did
not have lacunar cavities (Fig. 5). agLF, Saq, and ICC were
increased in the patients with 5 to 10 MB in the juxtacortical
white matter of the parietal and temporal lobes in comparison
with the patients with a smaller number of MB (< 5) or their
total absence.

DISCUSSION

In this study, we attempted to investigate the associations
between vascular and CSF flow changes measured with
PC-MRI and SVD features visible on MRI. The analysis of
the generated images was guided by STRIVE neuroimaging
standards [9]. Previous research works studied the associations
between cerebral vascular changes and leukoaraiosis (WMH)
or lacunes [14]. Numerous combinations of MRI features seen

Table. MRI findings in patients with SVD. WMH — white matter hyperintensities; MB — cerebral microbleeds; PVS — perivascular spaces; WM — white matter

Parameter

n (%)

WMH on the Fazekas scale:
Fazekas 1/ Fazekas 2 / Fazekas 3

26 (27.1%) / 31 (32.3%) / 39 (40.6%)

Lacunes (number of)

in WM of brain hemispheres:
no/<5/5-10/>10

in subcortical structures:
no/<5/5-10/>10

42 (43.8%) / 16 (16.7%) / 9 (9.4%) / 17 (17.7%)
32 (33.3%) / 11 (11.5%) / 9 (9.4%) / 12 (12.5%)

MB (number of)

in WM of brain hemispheres:
no/<5/5-10/>10

in subcortical structures:
no/<5/5-10/>10

28 (29.2%) / 12 (12.5%) / 5 (5.2%) / 11 (11.5%)
28 (29.2%) / 13 (13.5%) / 4 (4.2%) / 11 (11.5%)

Brain atrophy:
no / mild / moderate / severe

57 (59.4%) / 51 (63.1%) / 6 (6.3%) / 0 (0%)

PVS

in semioval centers:
1-2mm/3 mm/4 mm
in subcortical structures:
1-2mm/3 mm/4 mm

90 (93.8%) / 4 (4.2%) / 2 (2%)
68 (70.8%) / 21 (21.9%) / 7 (7.3%)
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in patients with age-related SVD coupled with the absence of
a clear association between the severity of WMH, as well as
other MRI findings, and the severity of clinical manifestations of
the disease led us to hypothesize that neuroimaging features of
SVD could be determined by a combination of abnormalities in
the intracranial system homeostasis described by the Monro-
Kellie doctrine, with one of such abnormalities prevailing.

Our study discovered that a gradual change in the
hemodynamic parameters of arterial, venous and CSF flow
was accompanied by WMH exacerbation measured on
the Fazekas scale. However, we were able to establish a
statistically significant association only between Fazekas 3
(as compared to the control group) and the measured
hemodynamic parameters, including low tABF, elevated Pi,
low stVBF/sssVBF, increased aglLF, Sag and ICC, and Fazekas 3.
The cooccurrence of blood and CSF flow impairments in
patients with severe WMH, which is the main MRI feature
for SVD, suggests the complexity of mechanisms underlying
the disruption of intracranial homeostasis. Our findings are
consistent with the results of studies of SVD morphology that
reported vascular changes associated with atherosclerosis-
induced ischemia and venous collagenosis leading to vascular
congestion and cerebral edema in hypertensive patients [15].

It should be noted that reports of arterial flow dynamics
in patients with progressing WMH are controversial: some
authors reveal a decline in the arterial flow rate [16], whereas
others point to the lack of association between leukoaraiosis
and impaired cerebral circulation [14]. Research into the
association between WMH and cerebral circulation [17]
demonstrated that patients with initially more severe WMH
developed serious impairments of cerebral blood flow and not
the other way around: impaired cerebral circulation did not
precede the progression of WMH. It was concluded that a
reduction in the brain tissue volume causes a decline in the
cerebral blood flow rate. The association between increased
arterial flow and Fazekas 1 established by our study and the
lack of significant differences in blood flow rates between
patients with Fazekas 2 and the controls confirm the role of
non-ischemic mechanisms in the development of early WMH

and a possible reduction in blood flow in response to brain
matter damage in patients with pronounced WMH [3].

Our study demonstrates that a gradual reduction in blood
flow leads to an increase in the number of lacunes. These findings
are consistent with the results of other studies [18] and confirm
that ischemia does play a role in the formation of lacunar cavities.
Our study also reveals a correlation between reduced blood flow
in the upper sagittal and straight sinuses, as well as increased
CSF flow and the elevated intracranial compliance index, and the
formation of multiple lacunes, which possibly reflects the severity
of brain damage in patients with multiple lacunes [19].

Importantly, we observed an association between the
elevated pulsatility index and an increase in the number of
lacunar cavities, as well as in WHM severity, which is again
consistent with other research works [18]; another association
between the increased pulsatility index and the dilation of
PVS was not discussed in the literature previously. Elevated
Pi is a sign of reduced elasticity of arterial walls associated
with their high permeability and swelling that eventually lead
to arteriolosclerosis in hypertensive and non-hypertensive
patients with SVD [20]. Increased pulsatile pressure cannot
be attenuated by the windkessel mechanism; therefore, more
pulsation is “absorbed” by veins [21]. This obstructs drainage
of the interstitial fluid from PVS and promotes accumulation
of toxic waste products, leading to PVS dilation and WMH
[22]. The latter has been actively discussed in the literature
in the context of a recently described glymphatic system (a
waste clearance system of the brain) [23] and could explain
the associations between Pi and PVS size; also, it is possibly
another contributor to WMH. At present, there is ongoing debate
in the literature over the associations between the cerebral
venous collagenosis and venous ischemia, increased vascular
resistance, disrupted interstitial fluid circulation and damage
to BBB accompanied by a vasogenic edema, which, in turn,
provides another explanation for WMH [22]. It is still not known
whether damage to the venules is caused by a pressure surge
or develops independently. Interestingly, WMH (leukoaraiosis)
are commonly found in the regions where deep veins perform
their drainage function and are less pronounced in the regions
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of superficial veins. However, we found statistically significant
associations between reduced venous flow in the upper and
straight sagittal sinuses and early (< 5) microbleeds, which
confirms the important role of cortical veins in maintaining
intracranial compliance [24] and the link between their damage
or rupture and broken autoregulation mechanism.

In our opinion, microbleeds and their association with
blood or CSF flow impairments should be discussed at length.
Single and multiple MB were observed in more than one-third
of patients. The majority of the lesions were localized to either
subcortical or juxtacortical structures; both localizations were
observed in 56.8% of patients [25]. Some authors point to an
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association between MB localizations and the nature of the
pathology: MB found in the subcortical ganglia are associated
with hypertension, whereas those localized to juxtacortical
or cortical structures, with cerebral amyloid angiopathy [26].
Because patients from our sample did not have lobar and
superficial MB, which signal cerebral amyloid angiopathy (CAA)
and are used as a criterion for its diagnosis in vivo, we cannot
rule out early CAA in some of the participants, given the upper
age limit applied in our study. At the same time, MB were
the most pronounced in the Fazekas 3 group characterized
by multiple lacunes that are not typical of CAA [27]. A recent
comparison of data yielded by MRI and Pittsburg compound



ORIGINAL RESEARCH | NEUROLOGY

PET showed that the presence of MB/hemorrhages in both
subcortical and juxtacortical structures were more typical for
hypertensive patients with SVD than for those with CAA [28]. Our
previous findings showed a correlation between juxtacortical/
deep MB and the volume of superficial veins and another
correlation between deep/periventricular MB and the volume
of deep veins [29], so we drew a conclusion about a possible
role of venous congestion in the corresponding regions in the
formation of variously localized MB, similarly to how it occurs in
cerebral venous sinus thrombosis. The proposed mechanism
could explain the cooccurrence of MB in subcortical structures
and the subcortical white matter. Prospective observation of
these patients will help us to investigate the prognostic value
of MB localization and its combination with other MRI features
as markers of early SVD. This is particularly important, because
the overuse of antiplatelets is one of the leading factors for
lobar hemorrhage in elderly patients.
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CONTRAST-ENHANCED ULTRASONOGRAPHY FOR ASSESSING NEOVASCULARIZATION
OF CAROTID ATHEROSCLEROTIC PLAQUE

Evdokimenko AN &2, Chechetkin AO, Druina LD, Tanashyan MM
Research Center of Neurology, Moscow, Russia

Neovascularization of a carotid atherosclerotic plaque (AP) is associated with an increased risk of stroke. Contrast-enhanced ultrasonography (CEUS) is a widely
used method for imaging intraplaque neovascularization in vivo. Unfortunately, there are no standardized guidelines for CEUS interpretation. The aim of this study
was to identify the most reliable method for CEUS-based assessment of AP neovascularization. Seventy-eight AP were removed during carotid endarterectomy
in 73 patients, of whom 5 had AP on both sides, and examined morphologically. All patients underwent preoperative duplex scanning and CEUS; Sonovue was
used as a contrast agent. AP neovascularization was assessed on a 4-grade visual scale and with 3 different quantitative methods using QLAB software. On the
visual scale (method 1), poorly (37%) and moderately (51%) vascularized plagues were the most common. Quantitative analysis (data were presented as Me (Q1;
QQ)) revealed that the number of blood vessels per 1 cm? of the plaque (method 2) was 16 (10; 26), the ratio of the total vessel area to the plaque area (method 3)
was 6% (3; 9), and AP ROI (method 4) was 2.6 dB (1.8; 4.1). Significant correlations were demonstrated between the results produced by method 2 and method 3
(p < 0.0001), method 3 and method 2 (p = 0.0006), and between pathomorphological findings and the results produced by methods 1-3, especially method 2
(o < 0.004). AP ROI brightness did not correlate with other results. The presence of hyperechoic components (calcifications) in AP dramatically reduced the reliability
of US-based intraplague neovascularization assessment. The most accurate CEUS-based quantitative method for assessing intraplaque neovascularization is
estimation of blood vessel number per 1 cm? of the plaque.

Keywords: atherosclerosis, carotid artery, intraplague neovascularization, contrast-enhanced ultrasonography, Sonovue, visual scale, quantitative analysis, histopathological
examination
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OLIEHKA HEOBACKYNSAPUSALUN ATEPOCKJTEPOTUYECKOW BIISILLKU KAPOTUAHOIO CUHYCA
C NOMOLLIbKO KOHTPACT-YCUJIEHHOIO Y31

A. H. EBgokumerko B4, A, O. YeudeTkuH, J1. . OpynHa, M. M. TaHawsH
Hay4HbIn LeHTp Hesponorum, Mocksa, Poccrst

CTeneHb HeoBackynspu3aumum atepocknepoTudeckon 6aswkm (ACE) KapoTuAHOro CYHyca CBS3bIBAIOT C MOBbILLEHHbIM PYCKOM PasBUTUS MHCyAbTa. [ns
BbISB/IEHMS HOBOOOPA30BaHHbIX COCYAOB B CTPYKTYPE OASALLKM in VIVO LUMPOKO MPUMEHSIOT KOHTPACT-yCUIEHHOE ynbTpassykoBoe nccneposanve (KYY3W),
0OfHaKO [0 HaCTOSALLEro BPEMEHW OTCYTCTBYET €AMHbIN MOAXOA, K MHTepnpeTaummn pesynstaTtos. Llensto paboTbl 6bino yCTaHOBUTL Havbonee HaaeXHbI METoq,
OLeHKIN HeoBackynspuaaumm ACB kapoTnaHoro cuHyca no fAaHHeiM KYY3W. Y 73 naumeHToB yaaneHo npu KapoTUaHOWM 9HAAPTEPIKTOMUK, NPOoaHaIM3MpoBaHo,
1N Mopdonormdeckn ncenegosaHo 78 ACB. Becem naumeHTam npoBoawiv CTaHOapTHOE AyneKCHOE CKaHMpoBaHMe COHHbIX apTepuii n KYY3W ¢ BBeneHveM
9XOKOHTpacTHOro npenapara «CoHoBbto». Heosackynapusaumio ACH oueHnBanm ¢ Mcnonb3oBaHveM 4-6anibHON BU3yaNnbHOW LUKabl M TPeX MeToaoB
KOMMYeCTBEHHOM oueHKM B nporpamme QLAB. Mo gaHHbIM BU3yanbHoW Lkans! (MeTog, 1), npeobnafanm cnabo 1 yMepeHHO BacKynsipuanpoBaHHble OASLLKA
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pesynsrataMmm oLeHKN No Mmetofgam 2 1 3 (p < 0,0001); no metogam 3 1 1 (p = 0,0006); MOPGONOTNHECKMIN AaHHBIMU U pe3ynsTaTamu OLEHKM Mo MeTodam 1-3,
0cobeHHO no meToay 2 (p < 0,004). 3HadeHne ROI ACB ¢ faHHbIMY Apyriix METOAOB He KoppenmpoBaso. MNpoaeMOHCTPMPOBAHO PE3KOE CHIDKEHWE HAEXXHOCTH
Y3-0UeHKM HeoBacKynapuaaLmn ¢ yBenmyeHrem obbema rnepaxoreHHoro KOMMoHeHTa (kanbumdukatos) B ACE. Havbonee To4HbIM Cnocob0M KOMMHECTBEHHOM
oueHkmn Heosackynsipudaumn ACE npn KYY3 sBnseTcst NoAcHeT KonmyecTsa CocyaoB Ha 1 CM? BASILLKA.
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Carotid sinus (CS) atherosclerosis accounts for up to one-third of
all ischemic strokes. The most common causes of stroke in these
cases are atherothrombosis, thromboembolism or atheroembolism
of cerebral arteries, associated with unstable atherosclerotic
plagque (AP) [1, 2]. Pathologic studies have demonstrated that
unstable AP are usually characterized by a large atheromatous
core, thin or ulcerated fibrous cap, hemorrhage and pronounced
inflammation [2, 3]. Recently, neovascularization has been
increasingly recognized as the key factor in promoting AP
instability and atherosclerosis progression [1, 3-6].

Contrast-enhanced ultrasonography (CEUS) is one of
the most widely used techniques for assessing the degree
of neovascularization in vivo. Since CEUS was first applied
to visualize carotid plaque neovascularization in 2003 [7], its
accuracy and reliability have been confirmed by multiple animal
and human studies that demonstrated a high correlation between
ultrasonography findings and histopathologic data [8-9].

Although CEUS has been exploited as an AP
neovascularization imaging technique for over 15 vyears,
there is still no consensus as to what approaches should be
used to interpret the acquired data. The majority of CEUS-
based studies employ qualitative or semi-quantitative scoring
systems; however, there is broad agreement that such scoring
approach is somewhat biased and unsuitable for the dynamic
assessment of atherosclerosis progression. This indicates
the need for a uniform, precise and validated scoring system
[6, 10]. Methods used for quantitative assessment of CEUS
findings are still a matter of ongoing debate [9-11]. Besides,
studies comparing CEUS findings and histopathologic data are
rare and their results often require further validation.

There is a pressing need for a uniform, accurate and
reliable approach to the assessment of CEUS findings in light
of emerging ultrasound contrast agents for in vivo molecular
imaging of vascular phenotypes and targeted drug delivery
that are currently in preclinical trials [12, 13]. Novel ultrasound
contrast agents and drug delivery systems open new horizons
for effective personalized strategies of prevention, diagnosis
and treatment of carotid artery disease. Their adoption into
clinical practice may be complicated by the absence of a
uniform approach to CEUS data analysis.

This study aimed to identify a reliable, informative and
clinically friendly method for CEUS-based assessment of
carotid AP neovascularization.

METHODS
Studied population

The study was conducted at the Research Center of Neurology
in 2015-2018. Eligible patients had atherosclerotic lesions of
the carotid sinus and indications for carotid endarterectomy
described in the Russian National guidelines for the
management of patients with brachiocephalic artery disease
[14]. The following exclusion criterion was applied: heavily
calcified plaques detected on ultrasonography (> 50% of the
total plaque area) casting an acoustic shadow that prevented
accurate estimates of AP neovascularization. The study
recruited a total of 73 patients (50 men and 23 women aged
40 to 79 years; the mean age was 63 + 8 years) with > 50%
atherosclerotic carotid stenosis (50-90%, the mean value was
70 + 16%) according to NASCET criteria [15]. All patients
underwent carotid endarterectomy at the Research Center
of Neurology between January 1, 2015 and December 31,
2017; the intervention was bilateral in 5 patients. The removed
plagues were examined histopathologically. A total of 78

BECTHVIK PIMY | 4, 2019 | VESTNIKRGMU.RU

OPUTMHAJIbHOE NCCJIEOOBAHWE | HEBPOJIOI NA

plagues were analyzed. Stenosis was symptomatic in 25 (32%)
and asymptomatic in 53 (68%) patients.

Conventional and contracts-enhanced
ultrasonography examinations

Preoperatively, the patients underwent duplex ultrasound
scanning of the carotid arteries and CEUS of the identified carotid
atherosclerotic plagues in the longitudinal projection. Examinations
were performed using an iU22 scanner (Philips Healthcare NV,
Netherlands) equipped with an L9-3 linear array probe.

Duplex ultrasound scanning was performed in order to
determine plaque echogenicity, the degree of carotid stenosis
and the best visible plaque aspect for the subsequent CEUS
examination. Plaques were stratified into 4 groups based on
their echogenicity as proposed by A. Gray-Weale [16]: group 1,
uniformly hypoechoic; group 2, heterogeneous, predominantly
hypoechoic; group 3, heterogeneous, predominantly
hyperechoic, and group 4, uniformly hyperechoic.

For CEUS, 2.4 ml of SonoVue contrast agent (Bracco; ltaly)
dissolved in 5 ml of 0.9% normal saline were administered
into a patient’s peripheral vein via a bolus injection; 5 ml of
normal saline were subsequently injected intravenously through
the same catheter. The scan was performed in the Contrast
General mode, at a low mechanic index (0.06) and 85%
signal enhancement. The probe was held in a fixed position
until the arterial lumen was well contrasted; then the angle of
the probe was slowly changed to facilitate visualization of the
entire plaque. Video clips were recorded for 2 minutes from the
moment the patient received the SonoVue injection.

The clips were analyzed off-line using QLAB software
(Philips Healthcare NV; Netherlands). Plaque neovascularization
was inferred from time-variant dynamic signal enhancement
(dynamic hyperechoic signals, DHS) in the plaque caused
by nonlinear responses from the microbubbles; hyperechoic
signals that did not change over time were interpreted as
calcifications. The degree of plaque neovascularization was
assessed in QLAB using the following methods.

1. Method 1: semiquantitative assessment on the 4-grade
scale: 0 — no DHS; 1 — single DHS; 2 — a moderate number
of DHS; 3 — a substantial number of DHS.

2. Three quantitative methods (see the Figure): a still frame
showing the maximal number of blood vessels was selected from
the CEUS cine loop. The frame was analyzed as described below.

a) method 2: the number of DHS per 1 cm? of the plaque
was counted. The contours of the plagque were delineated
manually and DHS were counted within the circled area. The
obtained number was divided by the automatically computed
area of the plaque;

b) method 3: the ratio of the total DHS area to the plaque
area was calculated and expressed as %. The contours of the
plague and all DHS were manually delineated on the selected
still frame. The total DHS area was divided by the plaque area
and multiplied by 100%;

c) method 4: plague ROI (signal intensity) was determined.
The area of interest, i.e. the entire plaque, was circled manually
on the selected still frame; hyperechoic signals that did not
change over time (calcifications) were excluded where possible,
and the software automatically computed ROl brightness
expressed in dB units.

Histopathological examination

A total of 13 atherosclerotic plaques fragmented during
surgery were excluded from the histopathological analysis. The
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rest 65 removed plaques were fixed in 10% neutral buffered
formalin (pH 7.4), cut into 4 to 9 (depending on the plaque size)
transverse 0.3 cm-thick blocks and embedded in paraffin. Five-
um sections of each block were stained with hematoxylin-eosin
and van Gieson’s stain and then scanned using Aperio AT2
(Leica Biosystems; Germany) at x400 magnification.

Plague neovascularization was analyzed in Aperio
ImageScope ver. 11.2.0.780 (Leica Biosystems; Germany).
Blood vessels were defined as structures that had an endothelial
lining and a lumen. To calculate the total vessel density per
1 cm? of the plaque, we divided the total number of blood
vessels contained in all studied slides by the total area of those
slides. Additionally blood vessel density was analyzed for the
vessels of certain diameter (< 20, = 20, > 30, = 40, = 50 ym)
due to the limitations of CEUS spatial resolution. In noncircular
sections, the diameter of the blood vessel was inferred from its
transverse size at its widest site.

Statistical analysis

Statistical analysis was done in Statistica 10.0 (StatSoft;
USA). Statistical differences and correlations were calculated
using nonparametric Mann-Whitney U test and Spearman’s
correlation coefficient. Differences were considered significant
at p = 0.05. In this work the data are presented as a median
(Me) (quartile Q1; quartile Q3).

RESULTS

On the duplex ultrasound scans, the majority of plaques were
heterogenous (81%) and predominantly hypoechoic (51%)
(Table 1). Small or medium-sized calcifications were observed in
67% of the plagues. Blood vessels were detected in all studied
plagues; none of the applied methods revealed any significant
differences between different groups of AP (classification by
Gray-Weale [16]) in terms of plaque neovascularization (see Table 1).

Semiquantitative analysis (method 1) demonstrated that
the general group of plaques was dominated by AP with a
moderate or low DHS number (2 points and 1 point on the
visual scale, respectively) that amounted to 51% and 37% of
all studied AP, respectively. Plaques with a substantial number
of DHS (3 points on the applied scale) were seen > 3 times as
rare, making 12% of all AP. When comparing ultrasonography
findings and morphological data, we noticed that the more
points the plaque scored on the applied scale, the more
blood vessels it contained per 1 cm? of its area. However,
the difference in the degree of AP neovascularization was
significant only for the plaques characterized by a low number
of hyperechoic signals (Table 2).

All of the applied quantitative methods revealed considerable
variability in the degree of AP vascularization: the number of
DHS per 1 cm? of the plaque (method 2) was 16 signals/cm?
(10; 26); the ratio of the total DHS area to the plaque area
(method 3) was 6% (3; 9); AP ROI (method 4) was 2.6 dB (1.8;
4.1). A direct correlation was established between the results
produced by methods 2 and 3 (R = 0.45; p = 0.000034), and
between the results of methods 3 and 1 (R = 0.38; p = 0.0006).
ROI values were not correlated with the results produced by
other assessment methods.

We have discovered a significant correlation between
the histopathologic data and the results of CEUS-based AP
neovascularization assessment aided by the applied methods
1, 2 and 3; the correlation was especially high for method 2 (DHS
number per 1 cm? of the plaque) (Table 3). Method 2 allowed
us to directly compare ultrasonography and histopathologic
findings and determine the mean diameter of blood vessels
that were visible on CEUS — 30 um (22; 37).

In order to assess the impact of hyperechoic AP
components on CEUS results, we attempted to correlate
CEUS and histopathologic data in 3 groups of plaques with
different echogenicity (Table 4). We found that the greater was
the degree of the hyperechoic component, the weaker was

Arterial
lumen

Vessel number

x 100%

Fig. Quantitative methods for the assessment of carotid atherosclerotic plaque neovascularization from contrast-enhanced ultrasonography data. A. A heterogeneous,
predominantly hypoechoic atherosclerotic plague on a conventional Color Doppler Image. B. Contrast-enhanced ultrasonography: a predominantly hypoechoic
atherosclerotic plaque with single hyperechoic echogenic components (blood vessels, shown by arrows), hyperechoic arterial lumen and surrounding tissue. C-E.
Quantitative analysis of intraplague neovascularization on a still frame showing the max number of blood vessels (the contour of the plaque is shown in red): ultrasound
signal intensity (ROI) (C); the ratio of the total vessel area to the plaque area (blood vessels are shown in green) (D); blood vessel number per 1 cm? of the plaque (blood

vessels are shown in different colors) (E)
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the correlation between CEUS findings and vessel density
(histopathologic examination) and the lower was the reliability
of US-based assessment of AP neovascularization. For
example, the DHS number per 1 cm? of the plaque (CEUS,
method 2) that had the highest correlation with the results of
the histopathologic examination in the general group of plagues
demonstrated an even higher correlation in the group of
predominantly hypoechoic plaques, whereas for other plague
groups the correlation analysis produced dubious results (see
Table 4). The ratio of the total DHS area to the plaque area
(method 3) was correlated with the histopathologic findings only
for predominantly hypoechoic plaques (Table 4). The correlation
analysis between semiquantative scores and histopathologic
data in different groups of plaques produced controversial
results (Table 4).

DISCUSSION

Visual scales for CEUS data interpretation have received a lot
of attention in the literature because they are simple, time-
saving, do not require any software for quantitative analysis,
and, therefore, can be used in the clinical setting. So far, over
10 different approaches to semiquantitative assessment of AP
neovascularization have been described based on visual 2- to
5-grade scales. The majority of such scales take into account
both the number and location of dynamic hyperechoic signals
[8, 17-22]; scales that rely solely on the number of DHS are rare
[17, 23, 24]. The problem with type 1 scales is that an increase
in the number of DHS is expected to be directly dependent
on signal propagation from the adventitial side of the plaque
to its surface. This complicated the choice of an adequate
scale for our study, because the identified patterns of AP
neovascularization did not fit into any of the considered scales.
Therefore, we decided to use a simple one-parameter 4-grade
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scale for DHS count that was similar to the one described in
the literature [24]. Its author proposed that plaques with large
artery-like vessels should be classified as having pronounced
vascularization (grade 3) with no elaboration on the acoustic
characteristics of those artery-like vessels. In our study, the
results produced by CEUS and histopathologic examinations
revealed the presence of poorly vascularized AP with large
artery-like vessels and abundantly vascularized AP that did
not contain large artery-like vessels; therefore, we decided to
ignore blood vessel size when conducting semiquantitative
assessment.

Vessel density in AP was measured during the histopathologic
examination and then compared between 3 groups of
plaques with different degree of neovascularization assessed
on a 4-grade visual scale. The difference was significant only
between the group of poorly vascularized plaques with single
DHS and the groups of plagues with a moderate or high
number of DHS. At the same time, CEUS data assessed on
the applied 4-grade visual scale were correlated significantly
with histopathologic data, as was the case with other visual
scales described in the literature [8, 20, 23, 24]. However, the
correlation analysis of plaque groups characterized by different
echogenicity produced controversial results, which rendered
the applied method of semiquantitative assessment unreliable.
This could be explained by a small sample size, a subjective
approach to establishing the degree of neovascularization in
the absence of clear grading criteria, or frequently occurring
calcifications in AP leading to under- or overestimation of the
neovascularization degree [25]. Duplex scanning detected the
presence of small and medium-sized calcifications in 67% of
AP that may have been mistaken for blood vessels on CEUS.
The difficulty in discriminating between blood vessels and small
calcifications was associated with similarity between their
visualization patterns first discovered in this study. The majority

Table 1. Neovascularization of carotid plaques of different types (classification by Gray-Weale)

Plaque structure

Group 1 Group 2 Group 3 Group 4

Number of plaques 3 40 23 12

Of them, morphologically studied 2 33 20 10
Neovascularization, Me (Q1; Q3)
Contrast-enhanced ultrasonography

Method 1 (scored points) 1 1(1;2) 1(1;2) 2(1;2

Method 2 (signal/cm?) 9(5;13) 13 (10.5; 25) 20 (11; 29) 20.5 (9.5; 33.5)

Method 3 (%) 3(0.4;5) 6(3;7) 7(3;11) 8.5 (5; 15)

Method 4 (dB) 2.8(2.2;3.1) 2.7 (1.6;4.2) 2.4(1.9;5.5) 2.7 (2.1; 3.4)
Histopathological examination, number of vessels per 1 cm? of the plaque 62. 111 161 (96; 253) 90 (61; 305) 230 (125; 300)

Table 2. Results of the semiquantitative analysis of contrast-enhanced ultrasonography data compared to the vessel density determined during the histopathologic

examination (* — p < 0.03)

AP neovascularization score on the semiquantitative scale
(contrast-enhanced ultrasonography)

1 point 2 points 3 points
Number of blood vessels of a specific diameter per 1 cm? of the plaque, Me (Q1; Q3)
(n=40) (n=29) (n=9)
All blood vessels 108.6 (55.3; 182.4)* 168.6 (125; 356.8) 370 (229; 485)

Blood vessels < 20 ym in diameter

66.5 (40.8; 111.4)*

117.4 (70.8; 216.8)

277.3 (174.5; 332)

Blood vessels > 20 uym in diameter 30.5 (9.6; 54.7)* 55.8 (38; 90.2) 90.2 (38.4; 131.8)
Blood vessels > 30 um in diameter 13.2 (2.4; 26.1)* 25.5(12.8; 46.7) 41.4 (13.4; 50.3)
Blood vessels > 40 ym in diameter 5.5 (1.2; 13.9) 11.9 (6.2; 23.1) 17.5(5.8; 25.4)
Blood vessels > 50 um in diameter 2.2 (0; 7.6)* 5.9 (3.4; 12.6) 8.8 (2.9; 15.2)
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of small and medium-sized calcifications became visible
on CEUS only when the contrast agent reached the plaque
vasculature, which might be associated with a change in tissue
reflectance in those areas [26]. Besides, our histopathologic
examination revealed that blood vessels were often located in
close proximity to calcifications, which also complicated their
identification on CEUS due to a limited resolution capacity of
the scanner.

The literature describes 3 principally different approaches
to quantitative analysis of CEUS data, all of which were
applied in this study. The most common approach relies on
the assessment of signal intensity in the region of interest
(a contrasted plaque); other include the ratio of the total DHS
area to the plaque area and DHS number per 1 cm? of the
plaque. We did not find any correlation between plaque ROI
brightness and vessel density. ROl was not correlated with the
results of other CEUS-based neovascularization assessment
methods. Some authors have reported a correlation between
ROI-based plaque neovascularization assessment and vessel
density verified by a histopathologic examination [20, 27,

28]. However, those studies had limitations, such as a small
sample size, or employed a less accurate semiquantitative
approach to the assessment of plaque neovascularization
during a histopathologic examination. Other researchers have
established a correlation between the intensity of the signal
during CEUS and the results of a histopathologic examination
for stable plaques only [8]. The intensity of the US signal is
affected by a variety of factors, including tissue reflectance,
the degree of plaque calcification (specifically, the presence
of small or powdery calcifications that cannot be excluded
from the analyzed site), predominant location of the plaque on
the anterior or posterior artery wall; brightness and contrast
properties of the image that cannot be standardized, etc.
[2, 25, 26]. All those factors may have contributed to the
outcome we got. Besides, the authors of all articles cited above
used a corrected (but not absolute) value of US signal intensity:
the ratio of plaque ROI to the arterial lumen [8, 17] or to the intact
adjacent vascular wall [27]; the difference between plaque ROI
values before and after the injection of a contrast agent [18, 20];
complex algorithms that took into account a number of factors

Table 3. The correlation analysis of data on plaque neovascularization obtained from contrast-enhanced ultrasonography and the histopathologic examination (n = 65)

Contrast-enhanced ultrasonography — the degree of AP neovascularization assessed with different methods

Histopathologic examination — density Method 1 Method 2 Method 3 Method 4
of blood vessels of a specified diameter R p R o R p R p

All blood vessels 0.45 0.00019 0.41 0.00069 0.23 0.06545 -0.04 0.75

<20 um 0.43 0.00033 0.36 0.0034 0.18 0.15532 -0.07 0.6

>20 um 0.45 0.00017 0.52 0.00001 0.37 0.00257 0 0.99

> 30 um 0.41 0.00068 0.57 0 0.36 0.00338 0.03 0.82

> 40 um 0.41 0.00074 0.6 0 0.35 0.00438 0.02 0.89

> 50 um 0.4 0.00102 0.6 0 0.32 0.01103 0.03 0.81

Table 4. The correlation analysis of data on neovascularization in different types of plaques obtained from contrast-enhanced ultrasonography and the histopathologic

examination (classification by Gray-Weale)

Contrast-enhanced ultrasonography — the degree of AP neovascularization assessed with different methods
Histopathological examination — density Method 1 Method 2 Method 3
of blood vessels of a specified diameter R p R p R p
Heterogeneous, predominantly hypoechoic plaques, group 2 (n = 33)
All blood vessels 0.34 0.05493 0.43 0.01164 0.06 0.73935
<20 um 0.3 0.08642 0.35 0.04485 -0.01 0.96716
>20 um 0.41 0.01825 0.67 0.00002 0.33 0.06705
> 30 um 0.34 0.05633 0.72 0 0.3 0.0897
> 40 um 0.4 0.02162 0.74 0 0.43 0.01507
> 50 uym 0.45 0.00857 0.79 0 0.47 0.00718
Heterogeneous, predominantly hyperechoic plaques, group 3 (n = 20)
All blood vessels 0.5 0.02512 0.41 0.07403 0.14 0.5446
<20 um 0.47 0.03701 0.45 0.04716 0.21 0.38029
>20 um 0.52 0.01815 0.41 0.07345 0.22 0.35255
>30 um 0.51 0.02294 0.43 0.06146 0.15 0.52769
> 40 pm 0.38 0.10226 0.41 0.07068 0.12 0.60956
> 50 ym 0.34 0.1424 0.4 0.0782 0.15 0.51773
Uniformly hyperechoic plaques, group 4 (n = 10)
All blood vessels 0.62 0.05444 0.21 0.5667 0.41 0.23349
<20 um 0.71 0.02047 0.06 0.86751 0.27 0.44295
> 20 um 0.43 0.21702 0.36 0.3088 0.43 0.21862
>30 um 0.13 0.7209 0.46 0.17886 0.3 0.4017
> 40 pm 0.25 0.49232 0.67 0.03451 0.21 0.55384
> 50 um 0.22 0.53903 0.61 0.06125 0.18 0.61791
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[12, 22], etc. [28]. We intentionally used the absolute ROI value
that can be determined during scanning without additional
calculations because it was deemed comparable to the visual
scale in terms of time and convenience and at the same time
allowed performing dynamic assessment of atherosclerosis
progression. However, the obtained results suggest that in
order to use ROI as a quantitative method for assessing AP
neovascularization, one need to take into account a variety of
factors and apply correction coefficients.

The ratio of the total DHS area to the plaque area (method 3)
did not provide information on the total vessel density in the
plaque or the density of small 20 um vessels that amounted
to 96% of all intraplaque vessels [29]. However, CEUS data
were correlated with the density of larger vessels (= 20 pm and
> 40 pym, respectively) determined during the histopathologic
analysis in the general group of plaques and the subgroup of
predominantly hypoechoic plaques. The analysis of plaques
characterized by different echogenicity demonstrated that
this assessment method should not be recommended for
hyperechoic plagques because there was no correlation
between CEUS and histopathologic data for groups 3 and 4
(classification by Gray-Weale). This can be explained by over-
or underestimation of neovascularization degree from CEUS
data in the plaques that contained calcifications, as described
above. The authors of the method reported a high correlation
of CEUS data with the total plaque vessel density assessed
during a morphological examination [10]. We did not observe
such correlation in our study, which is probably because we
used a commercial QLAB package and delineated the area
of DHS manually whereas A. Hoogi et al. used a specially
developed automated algorithm based on Matlab software
(Mathworks). Besides, the accuracy of manual DHS delineation
can decrease significantly as the signal area (the vessel size)
becomes lower. However, considering the reports of a high
correlation been the density of AP blood vessels of different
diameters [29] and our data supporting the possibility of reliable
CEUS-based identification of vessels over 30 pm in diameter,
the applied method can be used for quantitative assessment
of AP neovascularization in the absence of a pronounced
hyperechoic component. We recommend using an automated
algorithm in order to improve the accuracy of measurements.
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DYNAMICS OF POST-STROKE HAND PARESIS KINEMATIC PATTERN DURING REHABILITATION
Khizhnikova AE B, Klochkov AS, Kotov—Smolenskiy AM, Suponeva NA, Piradov MA
Research Center of Neurology, Moscow, Russia

According to the literature data, only 5-20% of post-stroke patients are able to restore the hand motor function completely. Correct goal setting and individual
approach to the patient's functional recovery are important. Our study aimed to develop an algorithm of impaired hand motor functioning assessment for post-stroke
patients and to determine the principles of the rehabilitation tactics choosing based on the biomechanical analysis. Twenty five patients with hemispheric stroke and 10
healthy volunteers participated in the study. Formal clinical observation scales (Fugl-Meyer Assessment, Ashworth Scale, ARAT) and video motion analysis were
used for evaluation of the hand motor function. Patients were divided into 2 groups according to the hand paresis severity (mild/moderate and pronounced/severe).
Rehabilitation was carried out in both groups, including mechanotherapy, massage and physical therapy. It was revealed that in the 1st group of patients the motor
function recovery in the paretic hand was due to movement performance recovery: biomechanical parameters restoration directly correlated with a decrease in the
paresis degree according to the Fugl-Meyer Assessment Scale (r = 0.94; p = 0.01). In the 2nd group of patients, the motor function recovery in the paretic hand
was due to motor deficit compensation: according to biomechanical analysis, the pathological motor synergies inversely correlated with a decrease in the paresis degree
(r=-0.9; p = 0.03). As a result of the study, an algorithm for selecting the patient management tactics based on the baseline clinical indicators was developed.
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ONHAMUKA KWNHEMATUYECKOIO NMOPTPETA NOCTUHCYJIbTHOIO NMAPE3A PYKU
HA ®OHE PEABUJTUTALIUN

A. E. XwxHnkosa B, A. C. Knoukos, A. M. KotoB—CmoneHckuii, H. A. Cynonesa, M. A. MNupanos
Hay4HbIn LeHTp Hesponorun, Mocksa, Poccrs

Mo paHHbIM NMTepaTypbl, ToNbko 5-20% MaLMeHTOB MOCe MHCYMsTa MOMYT MOMHOCTLIO BOCCTAHOBUTL ABUraTenbHYO (YHKUMIO pyKW. BadkHbl KOppekTHas
nocTaHoBKa Lenen v NHOMBMAYabHbIA MNOOXOA, HanpaBNeHHbI Ha BOCCTaHOBMEHNE (hYHKLMOHaILHOMO cTaTyca naupeHTa. Llenbto nccneposanmns 6biio Ha
OCHOBaHWN KIMHMKO-BMOMEXaHNHYECKOr0o aHanm3a paspaboTtaTb anropuUTM OLEHKN HapyLLEHUst ABUraTenbHOM (OyHKLMM PYKX Y MaLMeHTOB Mocne MHCYNbTa U
OMPEeAenTL MPVHLMMBI Bbibopa TakTVKK peabunmutaumn. B nccnenosanme Obin BKAKOHEHbI 25 NaUWeHTOB C UHCYBTOM MoMyLlapHOi nokammaaumn 1 10 30opoBsbIx
[06pOBONbLEB. [1N15 OLEHKV ABUraTeNbHON YHKLMN PYKU MPUMEHANM (DOPManM30BaHHbIe KITMHMHYECKME LWKanbl (Wkana Pyrn-Meiepa, SwsopTa, TecT ARAT)
1 BULEOaHaIM3 ABVIKEHWA. MaumeHTbl Oblnv pasaeneHbl Ha 2 rpynmbl MO CTEMNEHW TSHKECTU Napesa PyKW (Nerkunii/yMepeHHbiii 1 rpyobiii/BbipaxeHHbIn). B obevx
rpynnax NpoBOAVIN KyPC peabunmtaLv, BKIIOHaBLLMIA MexaHoTepanuio, Maccax, JIPK. BbisiBieHo, YTO Y naumeHToB 1-i rpynnbl BOCCTAHOBNEHWE ABMMaTENbHON
DYHKLMM B MaPETUHHOW PYKE MPOUCXOAUT MO MyTV HOPMaM3aLum NaTTepHa ABVKEHMS: HOpManm3aLms G1oMexaHN4eCcKyX MapaMeTpOB, MPAMO KOPPEeMpyoLLas
C YMEHbLLEHVEM KIMHUYECKOW BbIPaXKEHHOCTW CTeneHu napesa no wkane ®dyrn-Merepa (r = 0,94; p = 0,01). Y nauneHToB 2-1 rpynnbl BOCCTAHOBNEHVE
[OBUraTenbHOM PYHKLMK B MAPETUHHON Pyke MPOUCXOAMT MO NyTU KOMMeHCcauun ABUratensHoro Aeduumra: coxpaHeHmne naTonormieckon CUHeprin no AaHHbIM
BrOMEXaHNYECKOrO aHanmaa, 06paTHO KOPPEMPYIOLLEE C YMEHbLUEHVEM KIIMHUYECKON BbIPaXKEHHOCTW cTenenn napesa (r = -0,9; p = 0,03). B pesynsrarte
NPOBEAEHHOrO MCCefoBaHVs CCHOPMUPOBAH anropuTM BbiIGopa TaKTUKM BEAEHWS NMAaLMEHTOB, OCHOBaHHbI Ha MCXOLHbBIX KIMHUYECKIMX NMoKa3aTensix.

KntoueBble cnosa: VHCYSLT, Mapes B pyke, Helipopeabunntaums, anantaums, ABuratenisHoe nepeobyqeHine, GroMexaHnka OBKEHW, BUAEOaHaNNS ABKEHNI,
naTonornyeckas CuHeprs
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According to a number of authors, in the acute phase of a Restoration of the upper limb motor function consists of
stroke, the hand paresis occurs in 48-77% of patients [1, 2]. At six consecutive stages (from flaccid paralysis to the ability to
the same time, only 5-20% of patients are able to restore the perform complex coordinated movements). However, the
motor function of the paretic arm completely by the end of the  improvement can be completed at any stage, and the patient
early recovery period [3, 4]. remains partially or completely lost self-care capabilities [5]. In
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this regard, an important condition for effective motor function
restoration is to determine the tactics of patient rehabilitation to
achieve the maximum effect, depending on the current stage.

It is known that in post-stroke patients with severe paresis
and increased muscle tone the physiological movement
pattern is impossible. As a consequence, prerequisites
arise for the development of new motor synergies, which
are inherently a compensatory mechanism. As a result, the
body uses the remaining motor functions of the limb, or
active movements in adjacent joints and functionally related
kinematic chains to provide motion. The use of movements
with a lower level of regulation as a part of compensatory
synergies leads to a decrease in the adaptability to changing
environmental conditions. Subsequently, compensatory
synergies become pathological [6], which leads to a decrease
in the patient’s functional capabilities and a slowdown of
further rehabilitation.

Nevertheless, it is worth noting that, according to some
authors, compensation mechanisms are necessary for patients
with severe paresis and the presence of these is important for
the successful movement performance in post-stroke patients
[7]. During the recovery process, the motor synergies manifest
more comprehensively and become associated with spasticity
and related reactions. Currently, the generally accepted view
is that for better functional motor recovery it is necessary to
conduct training within the existing pathological stereotype
with the subsequent expansion of the active movement zone
[8]. Thus, the restructuring of pathological synergy due to an
increase in the number of “beneficial” motion components
usually occurs during the training [9].

Correct goal setting and individual approach are important
in developing a rehabilitation program aimed primarily
at restoring the functional status of the patient. Video
analysis of the paretic arm and shoulder girdle movements
with a complex evaluation of inter-articular relationships
and kinematic characteristics during rehabilitation can be
invaluable in retrospective assessment of the recovery
process. The study aimed to develop the principles of
choosing the hand motor function restoration tactics in
patients after a cerebrovascular accident on the basis of
clinical and biomechanical analysis.

METHODS

The study was conducted on the basis of the Department of
Neurorehabilitation and Physiotherapy of the Research Center
of Neurology (2017-2018). Inclusion criteria: male and female
patients aged 18-80; confirmed cerebrovascular accident of
ischemic or hemorrhagic type; single lesion site of hemispheric
localization which arose from 3 months to 2 years ago; post-
stroke hand paresis (grade 2-4 according to MRC Scale for
Muscle Strength) [10]. Exclusion criteria: hand paresis grade
according to MRC Scale for Muscle Strength less than 2;
severe defect of deep sensitivity; neglect syndrome; muscle
tone increase score exceeding 2 according to the Ashworth
scale (score O corresponds to normal muscle tone); severe
vision impairment not allowing to distinguish the image on the
computer monitor; severe cognitive impairment which makes
it difficult to execute the instructions; severe sensory or motor
aphasia; left-handedness according to Edinburgh Handedness
Inventory [11]. Twenty five patients with hemispheric
cerebrovascular accident participated in the study. Among
them, there were 17 men and 8 women aged 30-80 (median
age 55 [45; 61]). The prescription of stroke was 3-23 months
(median prescription of stroke was 7 months [4; 12]). Nine
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patients (836%) were observed in the early recovery period,
9 patients (36%) were observed in the late recovery period and
7 patients (28%) were observed in the residual period. The study
did not include patients with severe spasticity, gross speech and
cognitive impairment, limiting the possibility of communication
and following the instructions of the physical therapist.

To determine the normal kinematic pattern of hand
movement, 10 healthy volunteers aged 24-42 (4 women and
6 men, right-handed, without pathologies of the musculoskeletal
and nervous systems) were selected. For each subject, an
analysis of movements was performed in both the dominant
(right) and non-dominant (left) hands.

For clinical assessment of motor deficit, pathological synergies
severity, reflex activity, surface and deep sensitivity, passive
movement volume and pain sensation in the affected hands the
Fug-Meyer Assessment Scale was used [12]: the section for hand
function evaluation (the maximum score for this section is normally
126). The Ashworth Scale was used for spasticity assessment
in the paretic arm [13]. The wrist motor skills and functional
movement were assessed using the ARAT test [14].

The 3D analysis of movements in patients was performed
using the Biosoft-Videomotion 3D system (Biosoft; Russia).
Since hand movements are very diverse and variable, the
least variable parameter was chosen for the evaluation of
biomechanical parameters: reaching an object (reaching test).
Patients were seated at the table on a chair without a back, with
armrests for both hands. Hands were placed on the armrests
palms down (wrists were on the table). Within reach of each
patient, a glass with a 10 g weigh was placed on the table.
The patient was asked to reach the glass, take it, bring it to his
mouth simulating the drinking process, then put the glass back
and return the hand to its original position. If it was not possible
to grasp the glass (severe hand paresis), the patient was
asked to attempt to grasp it. To ensure the most automated
movement, the patients were informed that the main objective
of the study was to observe a drinking simulation movement.
Thus, the reaching movement was performed with a minimum
focus of attention, which made it possible to obtain automated
action. Only the first part of the movement was measured
(reaching a remotely located object).

To study intra-joint and inter-joint synergies in the sagittal
and frontal planes, the following synergy coefficients (C) were
introduced: C, — shoulder joint (SJ) flexion to SJ abduction
ratio; C, — elbow joint extension (EJ) to the SJ flexion ratio;
C,— EJ extension to SJ abduction ratio.

During rehabilitation, the paretic hand functional skills training
was performed using the mechanotherapeutic exoskeleton arm
weight support Armeo Spring system (Hocoma; Switzerland),
as well as training of bimanual and coordination movements
controlled by the physical therapist and paretic hand massage.
Rehabilitation was successful in all patients.

Statistical processing of the results was carried out using
the Mann-Whitney test (independent samples), Wilcoxon signed
ranks test (dependent samples), and Spearman's rank correlation
coefficient on the personal computer using the Statsoft Statistica
v. 7.0 software (StatSoft; USA). Data were presented as the median
and 25% and 75% quartiles of the median. The differences were
considered statistically significant at p < 0.05.

RESULTS
Clinical assessment

During the comparative analysis of data according to the Fugl-
Meyer Assessment Scale, a statistically significant increase in
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active movements in the shoulder, forearm, wrist and hand
was observed in all patients after rehabilitation. A significant
increase in the volume of passive movements in the elbow
and wrist joints was also noted. It is important, that according
to the Fug-Meyer Assessment Scale, the pathological
flexion synergy severity was significantly reduced (the higher
the Fugl-Meyer Assessment score, the lower the degree of
severity) (Table 1).

Statistical analysis of the Ashworth Scale score revealed
that after rehabilitation the degree of spasticity in the elbow
flexor muscles (p = 0.00008), wrist flexor muscles (p = 0.00098)
and superficial flexor muscles of fingers (p = 0.0022) was
significantly reduced. A decrease in spasticity in the studied
muscle groups was observed in patients with a slight and
mild muscle tone increase (1; 1+) and in patients with a more
pronounced muscle tone increase (2).

Clinical data analysis using the Fugl-Meyer Assessment
Scale revealed a close relationship between the severity of
pathological flexion synergy in the hand and the overall motor
deficiency degree (r = 0.81; p = 0.000000). According to the
Fugl-Meyer Assessment score patients with severe paresis
whose motor deficit was less than 50% of maximum active
movement score (less than 33), patients with pronounced
paresis — 50-70% (34-46), patients with moderate paresis —
71-89% (47-56) and patients with mild paresis — 90-99%
(57-65) were identified. For further analysis, patients
were divided into 2 groups: group 1 — patients with mild/
moderate paresis, group 2 — patients with pronounced/
severe paresis.

A comparative analysis using some subsections of the
Fugl-Meyer Assessment Scale showed that a significant
improvement in the hand motor function occurred both in
the proximal and distal parts of the hand in both subgroups
(Table 2).

Video analysis of the paretic hand movements
while performing a reach test

Analysis of the reach test time characteristics demonstrated
that patients of both groups needed significantly more time to
complete the target movement than a healthy person. In case of
severe/pronounced paresis reaching a remotely located object
needed significantly more time compared to normal (p = 0.001).
The time difference between the group of healthy volunteers
and the group of patients with mild/moderate paresis was less
significant, it was only 0.55 s (Fig. 1).

Analysis of the reach test time characteristics after
rehabilitation demonstrated that in the 1st group of patients
(mild/moderate hand paresis) there was a statistically significant
decrease in the time needed to reach the object (p = 0.04).
In the 2nd group of patients (severe paresis) the time needed
to complete the test, on the contrary, significantly increased
(o = 0.043). It exceeded the corresponding normal indicator by
more than 2 times.

Biomechanical research results analysis revealed that in
patients with mild/moderate paresis the maximum angular
amplitude of the shoulder joint flexion significantly reduced and
the maximum angular amplitude of the shoulder joint abduction
significantly increased while performing the reach test (Fig. 2A).

In addition to decreasing the maximum angle of movement
of some joints in patients with mild/moderate paresis, the time
needed to establish the maximum angular amplitude for all
movements was increased compared to normal (Fig. 3A, C).

Kinematic pattern in the group of patients with severe/
pronounced paresis was different: when performing the
movement, the maximum abduction angle of the shoulder
joint was greater than normal (Fig. 2B). At the same time, the
maximum extension angle of the elbow joint was significantly
below normal (Fig. 3B, C).

Table 1. Median indicators (Me [25%; 75%]) of the hand motor impairment according to the Fugl-Meyer Assessment Scale subsections

Group (n = 25)
Scale section
Before treatment After treatment
109 [99; 120]
Total score 103 [91; 109]
p = 0.000025
32 [24; 38]
Shoulder and forearm movements 29 [24; 34]
p =0.000821
20 [9; 23.5]
Wrist and hand movements 18 [13; 21]
p =0.000168
9.5 [5; 11]
Synergies 9[6; 10]
p = 0.000049
23 [22; 24]
Passive movement amount 21 [20; 22]
p = 0.000327

Table 2. Median indicators (Me [25%; 75%)]) of the hand motor impairment according to the Fugl-Meyer Assessment Scale in patients before and after the rehabilitation

Shoulder and forearm movements, score (n = 25)

Mild/moderate (n = 13)

Severe/pronounced (n = 12)

Before treatment 34 [32; 37] 24 [21.5; 27]
After treatment 38 [34; 41] 30.5 [25.5; 33.5]
p-level p=0.041 p=0.0068

Wrist and hand movements, score (n = 25)

Mild/moderate (n = 13)

Severe/pronounced (n = 12)

Before treatment 21[19; 21] 12 [8; 14.5]
After treatment 23 [22; 24] 14 [10; 19.5]
p-level p = 0.0044 p=0.012
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In addition to some joints maximum angle reducing in
patients with severe/pronounced paresis, the time needed to
establish the maximum angular amplitude for all movements
significantly increased compared to normal. In patients of this
group, attention should be drawn to the change of time needed
to reach the peak amplitude of the joint while moving. If in
the group of patients with mild/moderate paresis the order of
reaching maximum amplitudes of the joints remained the same,
then in the group of patients with severe/pronounced paresis it
was different. Thus, the abduction of the shoulder joint, which
was the first of all joints to reach its peak both in healthy people
and in patients with mild/moderate paresis, in patients with
severe/pronounced paresis appeared only in the middle of the
movement, after the extension of the wrist joint.

When comparing the maximum angular amplitudes of
joints in the 1st group of patients before and after rehabilitation,
no statistically significant differences were observed. At the
same time, analysis of changes in the range of joint motion
after training revealed significant changes in biomechanical
parameters of the shoulder joint: the flexion amount increased
(o = 0.04) and the abduction amount decreased (p = 0.01).

Analysis of the movement velocity parameters changes
demonstrated a significant increase in the angular velocity of
the shoulder joint flexion (p = 0.01), the elbow joint extension
(o = 0.02), as well as a decrease in the angular velocity of the
shoulder joint abduction (p = 0.02). When studying synergy
coefficients reflecting inter-joint interactions in the 1%t group of
patients, significant differences after rehabilitation were revealed
only by the G, coefficient (o = 0.04) reflecting the interaction
between the shoulder joint flexion and the elbow joint extension
during the reach test execution.

When comparing the maximum angular amplitudes of the
joints in the 2" group of patients (severe/pronounced paresis)
before and after rehabilitation, a significant decrease in the

Normal

Before

After

0 0.5 1

Il Mild/moderate paresis
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maximum extension angle of the elbow joint was revealed
(o = 0.01). No significant changes in other joints were noted.

When analyzing the range of motion of the joints in the
second group of patients, changes were observed that were
opposite to those obtained in patients of the first group. During
rehabilitation the shoulder joint flexion significantly reduced
(o = 0.02), a significant increase of the shoulder joint abduction
was also observed (p = 0.04). No significant differences were
found in the elbow joint before and after rehabilitation. It is
also worth noting that, despite a decrease in the shoulder joint
flexion, statistically significant differences in this indicator from
normal values were not found.

Significant differences in the amount of movements from
the normal motor stereotype persisted in other indicators:
shoulder joint abduction amount (o = 0.04), elbow joint
extension amount (p = 0.007), wrist joint extension amount
(o = 0.02). In addition, the opposite changes in the movement
velocity characteristics in the 2™ group patients were revealed
compared to changes in patients of the first group. Thus, after
rehabilitation, a significant increase in the angular velocity of
the shoulder joint abduction was noted (p = 0.02), at the same
time, a significant decrease in the angular velocity (o = 0.02)
occurred in the elbow joint while reducing the extension
and maximum angular amplitude. When studying synergy
coefficients reflecting inter-articular interactions in patients of
the second group, the significant differences after rehabilitation
were observed only by the C, coefficient, which significantly
decreased (p = 0.04) after training.

Analysis of the shoulder girdle movement biomechanics
while performing the reach test

Despite the fact that the study results demonstrated that there
was no effect of training on the severity of pathological synergy

1.5 2 25 3

Il Severe/pronounced paresis

Fig. 1. Time (s) needed to complete the reach movement n patients with varying degrees of hand paresis
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Fig. 2. The paretic hand inter-articular interactions in patients with mild/moderate (A) and severe/pronounced (B) paresis
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in patients with severe/pronounced hand paresis, the clinical
assessment showed an improvement of functional capabilities
in the paretic hand, which was expressed as a significant
improvement of fine motor skills confirmed by the ARAT test.
In some studies, a decrease in the displacement of the body
and shoulder girdle was observed during the video analysis
of movements in patients with moderate paresis having the
improved functionality according to clinical scales [15, 16]. To
confirm the hypothesis of the shoulder girdle compensatory
movement in patients with severe/pronounced hand paresis the
additional movement analysis was carried while performing the
reach test. For this purpose, the displacement of two markers
located on the acromion of the healthy and paretic shoulders in
the frontal plane was evaluated.

The results demonstrated a shoulder girdle displacement
towards the object in patients with severe/pronounced paresis
when performing the reach test before training (23 [19.8; 57.4] —
healthy shoulder; 169 [88.0; 178.0] — paretic shoulder) as well
as after training (66 [49.0; 81.0] — healthy shoulder; 215 [162.0;
229.0] — paretic shoulder) with significantly greater prevalence
of paretic shoulder displacement. In addition, the analysis
revealed a significant (o = 0.04) increase in the shoulder girdle
forward displacement when performing a reach movement
during rehabilitation.

DISCUSSION

After rehabilitation, the data was obtained that both groups of
patients not only differ significantly in their kinematic pattern,
but also have different ways of motor function recovery.

Thus, in patients with mild/moderate paresis, the motor
function restoration in the paretic hand was due to movement
performance recovery which was evidenced by an increase in
the C, coefficient, reflecting the inter-articular interaction in the

A

shoulder and elbow joints. The latter directly correlated with a
decrease in the paresis degree according to the Fugl-Meyer
Assessment Scale (r = 0.94; p = 0.01). In patients with severe/
pronounced hand paresis the motor function recovery in the
paretic hand was due to motor deficit compensation which was
evidenced by decrease in the C, coefficient. The latter inversely
correlated with a decrease in the paresis degree according
to the Fugl-Meyer Assessment Scale (r = -0.9; p = 0.03),
i.e. in said patients the functional hand movement improved
while maintaining a pathological pattern of movement. Further
analysis showed that in patients with severe/pronounced
paresis the shoulder girdle forward shift significantly increased
after rehabilitation while performing the reaching test. During the
correlation analysis, a negative relationship between the marker
displacement in the paretic shoulder and the C, value was
found (r = -0.9; p = 0.03). Relationship between the trunk and
paretic limb movements is also noted in a number of studies
[17]. These data indicate the presence of a compensatory
mechanism in patients with severe/pronounced paresis and
explain the decrease in this coefficient after rehabilitation
since the larger is the body displacement, the less are
the range of motion and maximum angles of the joints. It
can be assumed that in patients with severe/pronounced
paresis the motor skills recovery is due to compensation,
therefore, it is impossible to return to the normal pattern of
movements for patients with fully developed pathological
hand synergy. According to our data, the training carried out
by a rehabilitation specialist should not always be aimed at
overcoming pathological synergies, since it is advisable to
use compensatory mechanisms as efficiently as possible to
adapt and train patients with severe/pronounced paresis.
This conclusion was also confirmed by clinical examination
data analysis, since after rehabilitation a significant
improvement in the functionality of the paretic arm was noted
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Fugl-Meyer Assessment Scale
(arm movement section + wrist and
hand movement section)
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Score 8 and more,
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Pathological
stereotype correction

Pathological stereotype
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Fig. 4. Algorithm for choosing tactics of rehabilitation in patients with post-stroke hand paresis

in both groups of patients, in particular, their fine motor skills
improved. We assume, and this is comparable with the data
of many studies [18-21], that this effect may be associated
with the restriction absence of axis in the paretic limb during
training, as the patients are trained to act within their stereotype
and overcome it arbitrarily if necessary.

Based on the obtained clinical biomechanical data for
the groups of patients with different spasticity degree and
hand paresis severity, the algorithm of rehabilitation tactics
choosing was determined for patients with post-stroke hand
paresis (Fig. 4). In this case, an assessment before the start
of the rehabilitation and the rehabilitation strategy development
should be carried out according to the subsection of the
Fugl-Meyer Assessment Scale for the upper limb. It is
worth noting that an assessment according to the Ashworth
Scale is also necessary and should be carried out in three
muscle groups: elbow and wrist joints flexors and flexors of
the fingers. The spasticity degree which affects the patient
management tactics choice in two or more muscle groups
is 1+.
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EFFICIENCY OF IMAGE VISUALIZATION SIMULATOR TECHNOLOGY FOR PHYSICAL REHABILITATION
OF CHILDREN WITH CEREBRAL PALSY THROUGH PLAY
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The number of children born with cerebral palsy (CP) remains stably high. Novel approaches for rehabilitation of such patients are being sought. This study
aimed to define the efficiency of the image visualization technologies in play activity for the physical rehabilitation of children with cerebral palsy. Sixteen boys with
spastic diplegia aged 7-9 participated in the study. They were divided into treatment group (TG) and control group (CG), 8 children each. The TG patients were
trained using the virtual reality based Krisaf training simulator twice a week for 40 minutes during 8 months. The child was suspended in the horizontal position
and looked at the monitor through the specialised eyeglasses. Under the conditions of the marine environment immersion simulation with reduced gravity
children performed motor tasks through play: searched for treasures, competed with dolphins etc. The CG patients attended the physical therapy lessons.
Rehabilitation lessons using the virtual reality based Krisaf training simulator for children affected with spastic cerebral palsy led to a significant improvement
of motor skills. Various motion tests showed an improvement over baseline, the average indicators increased 1.30-1.48 times. The difference between TG
and CG results was statistically significant. In the CG referred to physical therapy the indicators increase was less than 10%, in the TG the increase reached
30-40%. It was concluded that the use of virtual reality based technologies promotes the optimization of neurophysiological processes in the motor analyzer
cortical areas and better adaptation to motor loads.
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SPPEKTMNBHOCTb TPEHAXKEPHOW TEXHOJOIMN BUSYAJTM3ALIN OBPA30B
B UrPOBOW AEATENBbHOCTWU ANA OBUTATEJIbHOU PEABUNTUTALNN OETEN
C JETCKNM LIEPEBPAJIbHBIM MAPAJIN4HOM

B. B. lopenwk'= C. H. dunvnnosa?, B. C. Benges®, E. B. Kapnosa*

" TONbATTUHCKWI rOCYAAPCTBEHHDI YHMBEPCUTET, TonbdTTH, Poccus

2 POCCUNCKIIA rOCYAaPCTBEHHBIN CoLManbHbIl yHBepeuTeT, KnuH, Poccust

3 MOCKOBCKMI ropOACKO neparornyeckuin yHusepeuteT, Mocksa, Poccuist

4 MeauUMHCKMn peabnnTauUmoHHbIn LieHTp CeprieBckie MrHeparnbHble Boabl PefepanbHoro Meamko-6ronornieckoro areHTcTea, Camapckasi obnacts, Poccust

Yucno peten, poXXOAROLLMXCA C AMAarHO30M «AETCKUIA LiepebpanbHbii napanmy» (ALUM), octaeTca cTabunbHO BbICOKMM. BeneTcsi Momck HOBbLIX MOOXOAOB K
peabunuTaumm Takvx naumeHTos. Llenbto nccneposaHns 6b110 onpeaeniTb athdeKTUBHOCTb UCMONL30BaHMS TEXHONOMMM UFPOBOV AEATENbHOCTU Ha OCHOBE
BM3yanu3aumm 0bpasos B npoLiecce dusmndeckon peabunutaumm geten ¢ UM, B nccnegosaHum y4acteoBam 16 Manb4MKOB CO CMACTUHECKON AMMnernen
B BO3pacTe 7-9 neT, pasdfdeneHHble Ha [Be rpynnbl: aKcnepumeHTanbHyto (3N 1 kKoHTponbHyto (KI) — no 8 aetein B kakaoin. B O 3aHSTUS NpoBOanan
Ha TpeHaxxepe BUPTyasnbHOWM peanbHoCTU «Kprcad» 2 pasa B Hegemo no 40 MyH B TedeHre 8 mecsueB. PebeHoK Mpu 3TOM HaxoguTcst B MOABELUEHHOM
FOPU30OHTASIBHOM MOMIOXKEHUM 1, NCMONb3Yys CneupanbHble O4KK, CMOTPUT Ha 3KpaH. B yCnoBuax nMmmtaumm COCTOSHUA MOrPY>KEHVsS B MOPCKYIO cpedy, npu
MOHVPKEHWN MPaBUTALWIOHHBIX BO3LAEVCTBUA AETU BbINOMHAIOT ABUraTesbHble 3afaHns B UrpOBOM (hopMeE: WLLYT COKPOBMLLIA, COPEBHYIOTCS C AenbduHaMn 1 T. 4.
Letn KI' nocewann 3aHatusa JIOK. PeabunutaumoHHble 3aHATUS AeTei co cnacTudeckor dhopmoit LM Ha TpeHaxepe «Kpucad» ¢ anemeHTaMm TeXHONorm
BUPTYaTbHOM PEeanbHOCTV MPUBOAVM K 3HA4UTENBHOMY BO3PACTaHMIO ABUraTebHbIX BO3MOXHOCTER. B O Habnoganm pocT nokasartenei npu npoBeaeHnn
pasHbIX ABUraTeNbHbIX TECTOB, CpefHMe TeCTOBble 3Ha4YeHns ynydwmnmces B 1,30-1,48 pada no cpaBHEHUIO C UCXOAHBIMU AaHHBIMW. YydLUeHe pesynstaTtoB
B Ol cTaTMCTUYeCKn [OCTOBEPHO oTimyanock oT pesynstatoB KIL Y aetein KI™ pesynstatbl B CpefHeM yayHLumnmch MeHee Yem Ha 10% nog BnvsiHvem JIOK, B
O —Ha 30-40%. CoenaH BbIBOL, YTO MPUMEHEHME TEXHOOMMIN BUPTYasbHOM PeasibHOCTM CMOCOOCTBYET OMTUMMU3ALMM HEMPOMIM3MONOrMHECKIX MPOLECCOB B
KOPKOBbIX 30HaxX ABMraTenbHOro aHanMsaTopa, NoBbILLEHWIO aganTaumy K ABMraTeslbHbIM Harpy3kam.

KntoueBble cnosa: [1LM, nrpoBas AesTenbHOCTb, TEXHOMOMMN BUPTYasbHOWM peanibHOCTV, ABUraTesbHble YNpavkHeHUs, afanTtaums
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According to statistics, the overall incidence of newborns is
increasing in Russia, against the background of an unstable
birth rate in the regions. In 2018, in Russia, cerebral palsy (CP)
was diagnosed in ~8 of 1000 newborns. The incidence growth
trends were previously recorded by the WHO specialists [1, 2].

Cerebral palsy is a polyetiologic disease, it belongs to
the group of neurological diseases and is characterized by
a variety of pathogenetic forms. The disease appears as
neurological symptoms resulting from lesions of the cortical
areas as well as of the the brain cerebellar area. Early onset
and ineffective diagnosis lead to the predominance of severe
forms of musculoskeletal system structural and functional
impairment (upright posture maintenance, balance and muscle
tone) [3-6]. Muscle tone (MT) and its regulation are considered
the main factors of voluntary motor activity in humans. Various
muscle disorders are observed in patients with cerebral palsy:
spasticity, muscle hypertonia, rigidity, hypotonia, dystonia,
atonia [7-9].

Manifesting as a MT increase the spastic cerebral palsy
prevails among the different disease forms. Due to impairment
of the pyramidal pathways the muscles of the patients are
excessively tense. Together with an increase in MT, limb
deformities and flexion contractures (a decrease in the volume
of passive movements in the joints) can be observed. Spasticity
is characteristic for spastic diplegia and hemiplegic cerebral
palsy [10-14]. Despite the morbidity of the cerebral palsy as
a severe disease that violates the psychophysical and social
adaptation of patients, there is a shortage of methods based
on the age-related psychophysical features of an affected
patient for the rehabilitation of primary school age children
[15-18]. Novel comprehensive and integrative approaches
to the rehabilitation of patients are being sought, including
treatment of comorbidity (epilepsy, somatic diseases),
pharmaceutical and surgical treatment of spasticity and organic
muscle damage. Development of methods for influencing the
adaptive mechanisms and body reserves of infants and children,
activating the psychophysiological regulatory mechanisms of
the motor analyzer, optimizing emotional processes taking into
account the age-related needs in game activity and motivating
motor activity seem promising to us.

To achieve the correction and developmental results,
physical rehabilitation of children with cerebral palsy should be
based on the effective instruments choice which could influence
the affected child [19-21]. It is extremely important to take into
account the age-related psychophysical features of the patients
in order to create optimal conditions for the formation of motor
skills in children with disabilities and to increase the efficiency of
their rehabilitation [22, 23].

During ontogenesis in children with cerebral palsy the
individual, fundamentally different from normal, hierarchical
regulatory systems of the motor analyzer are formed, which
ensure the performance of involuntary and voluntary movements
[10-17].

[t is well known that motor activity is one of the main
physiological components of the formation and development of
the child’s organism. A decrease in motor activity leads to the
functional status of the musculoskeletal system impairment,
causing changes in the functional status of the vascular and
respiratory systems, metabolic disturbances, and decreased
performance [8, 18].

Every movement depends on the spatial sense. Brain
processes information coming through the sensory system
and uses it for the locomotor movement formation. Children
with cerebral palsy demonstrate the abnormal sensory system
development pattern, which causes the inadequate responce

to the incoming information and leads to the locomotor
movement development delay [16].

The cerebral palsy associated motor development
impairment is a result of the motor analyzer cortical areas
regulatory effects disorder. Motor analyzer is the main control
center of the entire human body muscle system (MS). In
speech activity, the motor component is responsible for the
speech and motor acts, therefore patients with cerebral palsy
often demonstrate the impaired speech [19].

For patients with musculoskeletal disorders and neurological
diseases the formation of altered motor stereotypes and
pathologically incorrect movements is typical. These are
formed due to the desire of patients to reduce pain or
compensate the incorrect work of hypotonic muscles [20]. The
altered motor stereotypes lead to the gravity center shift and to
improper gait, which enhance the disease severity. Therefore,
the main task is to correct the pathological motor stereotypes
during rehabilitation. The Krisaf training simulator registers the
body pressure force over the entire area (in prone position)
and allows one to detect these problems at an early stage
and successfully eliminate them. To identify its rehabilitation
capability, a pedagogical experiment (PE) was carried out using
the Krisaf training simulator at the forming stage.

This study aimed to define the rehabilitation capability of
the play methods using the image visualization based Krisaf
training simulator during the complex physical rehabilitation
of the 7-9 years old children suffering from spastic cerebral
palsy.

The goals were: 1) to assess the baseline indicators of
motor functions in children with spastic cerebral palsy aged
7-9; 2) to determine the effectiveness of the virtual reality based
Krisaf training simulator for the motor functions development
in children with spastic cerebral palsy aged 7-9; 3) to evaluate
the virtual reality technology rehabilitating capabilities during
the play activity and their possible impact on the various types
of motor skills in children with cerebral palsy.

METHODS

Study management and methods for diagnosing the
functional status of muscle system in 7-9 years old
children with cerebral palsy

The study lasted 8 months (September 2018 through April
2019). It was conducted at FGBUZ MRTs Sergievsky Mineral
Waters of FMBA, Russia. Sixteen boys with cerebral palsy
aged 7-9 participated in the study. Inclusion criteria: children
with cerebral palsy (spastic diplegia); children of the same
gender; children of a similar age with the same height-weight
relationship. The participants were divided into two groups (8
children each): treatment group (TG) and control group (CG).
In the TG training was performed using the Krisaf virtual reality
based training simulator 2 times a week for 40 minutes during 8
months, the children also practiced physical therapy excercises
twice a week. Children of the CG only performed the physical
therapy excercises 2 times a week.

Exclusion criteria: acute infectious diseases and other
medical contraindications to physical therapy. Physical features
of the TG and CG children were similar.

Pedagogical experiment (PE)
The pedagogical experiment lasted September 2018 through

April 2019. It included benchmarking, formation and control
stages.
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1. Benchmarking stage: registration of the muscular system
functional status baseline indicators in children with cerebral
palsy aged 7-9.

2. Formation stage: the TG children were trained using the
Krisaf virtual reality based training simulator, they also practiced
physical therapy excercises twice a week. The CG children
were trained by the instructor according to the standard
exercise therapy program for the rehabilitation of children with
cerebral palsy.

3. Control stage: registration of the resulting indicators
using the methods applied in the beginning of the pedagogical
experiment.

Motion tests

Assessment of motor skills in children with cerebral palsy was
performed using the number of motion tests allowing us to
evaluate the functional status of the children's musculoskeletal
system.

1. Assessment of the back muscles static
endurance capability

Head lifting from the back position.

Starting position: lying flat on the back. The trainer takes the
child by the wrists and lifts him. The child should raise his head
and hold it in this position. Results are measured in seconds.

Head lifting from the stomach position.

Starting position: lying on the stomach, the arms bent at the
elbow joints remain at the shoulder level. The child straightens
his arms and lifts his head. Results are measured in seconds.

2. Assessment of the abdominal muscles
endurance capability

Trunk lifting from the back position.

Starting position: lying flat on the back; the trainer holds the
child’s legs bent at the knee joints. The child raises the body
from the starting position on his own touching the knees by his
chest. The result is registered as the number of repeats.

ORIGINAL RESEARCH | NEUROPHYSIOLOGY

3. Assessment of the hand muscles endurance capability

Wrist flexion and extension.

Starting position: sitting on the chair. The child's wrists
are hanging from the armrests. The patient should bend and
strengthten the left and right wrists alternately 10 times in a
row. Results are measured in seconds. Normally, the result
should be within 12-15 s.

Finger flexion.

Starting position: sitting on the chair. The child should
alternately touch the thumb with each of the other fingers tips
making his fingers to form a ring. Results are measured in
seconds.

4. Assessment of the leg muscles endurance capability

Leg raise.

Starting position: lying flat on the back. The child raises his
legs alternately and bends them at the knee joints. Results are
measured in seconds.

Statistical analysis

The following mathematical statistics methods were applied
when processing the data obtained: Kolmogorov—Smirnov
test (nonparametric test of the equality of continuous,
onedimensional probability distributions) and parametric
Student's t-test. The differences were considered statistically
significant at p < 0.05.

Kolmogorov-Smirnov test revealed that the studied
variables fall within the limits of normality, which allowed applying
the Student's t-test for interrelated and independent samples.

The SPSS 17.0 software for Windows was used to process
the experimental data.

Forming method based on using the Krisaf training
simulator for children with cerebral palsy aged 7-9

During the PE the Krisaf training simulator (Krisaf; Russia) was
used to provide the forming effect. Simulator helps to imitate

Table 1. Musculoskeletal system functional status assessment results for children with cerebral palsy aged 7-9 obtained at the benchmarking stage of the PE

Ne Tests TGMx+m CGMx+m Student's t-test
1 Head lifting from the back position (s) 19.7 £ 2.7 206+2.6 0.7
2 Head lifting from the stomach position (s) 17.4 + 21 16.9 + 2.04 0.34
3 Trunk lifting from the back position (number of repeats) 76+14 7.3+138 0.13
4 Wrist flexion and extension (s) 187 +2.8 19.9 + 2.65 0.4
5 Finger flexion (s) 20.2 +3.1 19.6 £2.9 0.32
6 Leg raises (s) 155+24 155+24 0.12

Note: M — average; m — standard error of the mean; p — significance of differences between the TG and CG results; no statistically significant differences between

the groups (p > 0.05).

Table 2. Musculoskeletal system functional status re-assessment results for children with cerebral palsy aged 7-9 obtained at the control stage of the PE

Ne Tests MTier MCfm Student's t-test
1 Head lifting from the back position (s) 28.7 + 3.8* 21.4+3.6 2.4

2 Head lifting from the stomach position (s) 259 + 2.76* 189+25 2.54

3 Trunk lifting from the back position (number of repeats) 14.6 +2.1* 84+15 3.13

4 Wrist flexion and extension (s) 12.4 + 1.32* 17.7 1.7 3.1

5 Finger flexion (s) 14.4 +£2.9* 18.6 + 3.1 25

6 Leg raises (s) 22.9 +2.36* 16.7+24 3.03

Note: M — average; m — standard error of the mean; TG — treatment group; CG — control group; * — significant differences between the TG and CG results, p < 0.05.
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the movements of the affected child in the aquatic environment
[4, 21].

The Krisaf training simulator dispays images on the monitor.
Audio signals transmitted through headphones help the patient
to adjust his motor activity. Thus, the correct execution of
excercises can be achieved and the new, close to normal,
motor stereotypes can be formed.

Physical rehabilitation of children with cerebral palsy is a
labour-intensive and complex process that requires significant
efforts of medical personnel and physical therapy trainers.
Virtual reality modeling takes place simulating immersion of the
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child in the gaming aquatic environment. The game situation
encourages the child to move more actively. This helps to
simulate movements in the aquatic environment, balancing
the child’s weight by a special pneumatic system, which helps
to establish the conditions of reduced gravity. The child with
weakened muscle strength and lack of sufficient coordination
due to cerebral palsy can perform the movements more
accurately. The patient’s training using the simulator is based
on the execution of wave-like movements that look like the
dolphin’s movements [22, 23]. Play elements are important,
because play activity is essential for little patients. In children
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Fig. 1. Comparative data of the “Head lifting from the back position” motion test for children with cerebral palsy aged 7-9 from CG and TG obtained at the control

stage of the PE
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Fig. 2. Comparative data of the “Head lifting from the stomach position” motion test for children with cerebral palsy aged 7-9 from CG and TG obtained at the control

stage of the PE
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Fig. 3. Results of the “Trunk lifting from the back position” motion test for children with cerebral palsy aged 7-9 from CG and TG obtained at the control stage of the PE
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with cerebral palsy the Krisaf training simulator: a) improves
the information perception and the quality of the arbitrary
movements performance through image visualization; b)
activates the right hemisphere by the virtual reality elements
and facilitates the movements execution due to the gravity
decrease.

RESULTS

At the benchmarking stage of the study preliminary testing was
performed to define the baseline of the motor skills development
in children with cerebral palsy (Table 1).

According to the results of initial testing, we can conclude
that there are no significant differences in the indicators of
motor characteristics in children with cerebral palsy of both
groups.
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After a course of lessons using the virtual reality based
Khrisaf training simulator, a control test was conducted in both
groups to identify the effectiveness of the method for physical
rehabilitation of children with cerebral palsy (Table 2).

Re-examination using the motion tests at the PE control
stage revealed a pronounced positive dynamics in the TG
and slight changes in the indicators in the CG. Significant
differences in the results were found between the control and
treatment groups. Figs. 1 and 2 show the “Head lifting from
the back position” and “Head lifting from the stomach position”
tests results obtained for the CG and TG before and after the
experiment.

Head holding time in children in the TG increased by
9 s (back position) and 8.5 s (stomach position), which
corresponds to the 32% increase of strength and endurance
of the limb girdle muscles in children with cerebral palsy.
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Fig. 4. Results of the “Wrist flexion and extension” motion test for children with cerebral palsy aged 7-9 from CG and TG obtained at the control stage of the PE
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Fig. 5. Results of the “Finger flexion” motion test for children with cerebral palsy aged 7-9 from CG and TG obtained at the control stage of the PE
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Fig. 6. Results of the “Legs lifting” motion test for children with cerebral palsy aged 7-9 from CG and TG obtained at the control stage of the PE
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This is important for the normalization of the upper limbs
function, in addition, an increase in the activity of these
muscle groups helps to improve the brain blood supply. In
the CG, the increase in the muscle strength was 3.8% (back
position) and 7% (stomach position), the increase over values
was not statistically significant. Thus, it can be said that the
use of virtual reality base simulator technologies is effective
for rehabilitation of 7-9 years old children with spastic
cerebral palsy. The effectiveness of lessons is associated
with the activation of the right hemisphere neurophysiological
mechanisms and with the increase of the body's adaptive
capabilities [14, 17].

Fig. 3 shows the “Trunk lifting from the back position”
motion test results.

The “Trunk lifting from the back position” test results
demonstrate that after the simulator lessons the back and
abdomenal muscle strength significantly increased in the TG
children (1.9 times compared to the baseline, i.e. from 7.6
to 14.6 repeats). In the CG the muscle strength remained
almost the same. These data serve as an indirect proof of
the improvement of motor skills and adaptive mechanisms in
children aged 7-9 with spastic cerebral palsy, testify to the
good rehabilitation effect of the Krisaf virtual reality based
training simulator.

Figs. 4 and 5 show the “Wrist flexion and extension” and
“Finger flexion” motion tests results.

The speed qualities of the limb girdle muscles, the flexor-
extensors of the upper limbs, as well as the finger muscles of
fine motor skills increased in the TG after a series of lessons
using the Khrisaf training simulator. For the limb girdle muscles
the test execution time was reduced by 6.3 s (35%), and
in the CG it was reduced by 2.2 s (11%). In the TG the fine
motor skills also improved: test execution time was reduced
by 5.8 s (29%). In the CG it was reduced by 0.3 s (1.5%). This
suggests that image visualisation during the training lessons
helped to establish a friendly environment for children aged
7-9 with delayed verbal function development due to impaired
speech and motor functions as compared with the verbal
commands and instructions of the physical therapy trainers.
Improvement of the fine motor skills in children with cerebral
palsy after rehabilitation using the visualization elements was
associated with the motor analyzer cortical areas activation.
The speed of the small differentiated movements of the fingers
also increased.

Fig. 6 shows the “Legs lifting” motion test results for children
aged 7-9 with cerebral palsy.

When determining the speed-strength characteristics of
the lower limbs muscles, it was clear that the average result
improved. In the TG it increased by 7.4 s (33%), and in the
CG by 1.2 s (6%). These data indicated the effectiveness of
rehabilitation in children with spastic cerebral palsy using
the image visualization technology based Krisaf training
simulator. An increase in the motor and strength capabilities
of the lower extremities in such patients indicated a trend
towards the motor analyzer cortical areas neurophysiological
processes improvement together with adaptation to
motor loads due to the increase in the balance of the right
hemisphere functions while using the image visualization
method.

Thus, when comparing the TG and CG indicators at the
control stage of PE, the significant improvements in the TG
indicators were found, which exceeded the results of the
CG. These differences arose due to the fact that virtual reality
technologies were introduced in the TG, while in the CG the
standard exercise therapy program was used.

DISCUSSION

Our study has shown that the virtual reality technologies
influence on both the control and executive centers of the
motor analyzer is not well understood. It can be assumed
that immersion of children in the reduced gravity conditions
and in the aquatic environment virtual reality promotes
involuntary relaxation of all muscles, as it happens in case of
real water immersion. With the help of the simulator complex
neurophysiological and sensory effects, muscles start working
and somatic and sensory integration improves. This increases
the efficiency of lessons and makes the rehabilitation of children
with cerebral palsy more effective.

Stimulation of the right hemisphere by visual information
facilitates execution of physical exercises. For children with
cerebral palsy aged 7-9 the visual information is easier to
understand than the trainer’s verbal instructions [19]. In addition,
the right hemisphere associated adaptive mechanisms of the
body can be activated [17]. Positive emotions from training
through play promote relaxation of constricted muscles [3].
Thus, the virtual reality based Khrisaf training simulator affecting
a number of neurophysiological and sensory mechanisms has
an integrative rehabilitative effect on the psychophysical state of
7-9 years old children with spastic cerebral palsy. This indicates
that image visualization helps to establish friendly environment
for the children with cerebral palsy as compared with the
exercise therapy trainer’s verbal instructions. Since children
with cerebral palsy aged 7-9 often demonstrate the speech
development delay and it is difficult for them to understand
the meaning of verbal constructions, communication between
patient and trainer may be impaired. Image visualization helps
to restore mutual understanding and interaction.

Currently the simulator-based methods attract close
attention of researchers even in the field of rehabilitation of
children with various forms of cerebral palsy. Novel types of
simulators are being developed taking into account the latest
advances in the understanding of the pathogenesis of diseases,
including cerebral palsy. At the same time, application and
research using simulator methods provide valuable data for
understanding the mechanisms of correction and rehabilitation
of the affected person.

Image visualization and virtual reality based training simulator
meets the need of a 7-9 years old child in playing. The simulator
has an impact both on the regulatory neuropathological,
psychopathological, and executive links of the motor analyzer
as well as the psychological processes and the quality of life of
rehabilitated children.

Improvement in the functional status of the children’s
musculoskeletal system obtained in this study with the use
of virtual reality based technology opens up the prospect of
the further research of regulatory mechanisms and recovery
processes in children with cerebral palsy.

CONCLUSIONS

1. Rehabilitation using the virtual reality based Krisaf training
simulator led to significant (1.3-1.5 times) improvement of the
motor capabilities in children with spastic cerebral palsy aged
7-9. 2. Significant increase in the strength and endurance
of the limb girdle and lower limbs muscles indicated the
effectiveness of rehabilitation using the image visualization
technology based Krisaf training simulator. The endurance
of the back and abdomen muscles in the TG increased 1.9
times, the adaptation to motor loads improved. In the CG
minor changes took place. 3. After training using the image
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visualization based training simulator the speed of movements
in the upper limbs increased, the fine motor skills of the hands
improved. Improvement of the fine motor skills in children with
cerebral palsy testified to the better balance of the cortical
areas of the motor analyzer neurophysiological processes.
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EFFECTIVENESS OF INTRAOSSEOUS INFILTRATION OF AUTOLOGOUS PLATELET-RICH PLASMA
IN THE AREA OF THE BONE MARROW EDEMA IN OSTEOARTHRITIS OF THE KNEE JOINT

Lychagin AV, Garkavi AV, Islaieh Ol &, Katunyan PI, Bobrov DS, Yavlieva RH, Tselisheva EYu

I.M. Sechenov First Moscow State Medical University, Moscow, Russia

Osteoarthritis (OA) affects both elderly people, for whom it is one of the main causes of disability, and people of active working age and is an urgent clinical and
social problem of resistance of pain syndrome to therapy. The disease is characterized by both destruction of intra-articular and paraarticular structures, such
as subchondral bone. While OA is an important sign of pathological changes believe the bone marrow edema (BME). This work examines the effect of BME on
development osteoarthritis, and therapeutic approaches to the management of patients with OA. The aim of the study was to develop a method of treatment of
BME in OA of the knee joint by locally intraosseous injection of autologous thrombotic-rich plasma (PRP) into the edema zone. In this study 17 patients with the
diagnosis: Osteoarthritis II-IV Grade. according to the classification of Kellgren-Lawrence, in which areas of local inflammation in the form of BME were detected
on MRI in the subchondral zone in accordance with the international classification of WORMS (Whole Organ Magnetic Resonance Imaging Score). The mean age
of patients was 41,7 + 14,3 years, 10 of them were women and 7 men. Patients were treated with autological platelet-rich plasma under x-ray control injected
from extra-articular intraosseous access in the area of BME. Evaluation of effectiveness of treatment performed by VAS, WOMAC and KOOS scales, before the
introduction of autoplasma, after 1 and 3 months after the start of treatment. Three months after the manipulation, there was a statistically significant decrease in
the intensity of inflammatory syndrome: for WOMAC by 17.5%, for KOOS by 19.4% and for VAS by 33,1% (p < 0,01). Thus, the efficiency of intraosseous Infiltration
of autologous platelet-rich plasma in the treatment of patients with OA, accompanied by edema of the bone marrow in the subchondral zone, was proved.

Keywords: bone marrow edema, osteoarthritis, autologous platelet-rich plasma, intraosseous Infiltration, quality of life
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9®PEKTUBHOCTb BHYTPUKOCTHOIO BBEOEHUA AYTONTIOMMYHOW OBOrALLEHHO TPOMBOLIMTAMUA
MNJIASMbl B 30HY OTEKA KOCTHOINO MO3IA NP OCTEOAPTPOS3E KOJIEHHOIO CYCTABA

A. B. IlbiaruH, A. B. Tapkasn, O. L. Ncneinx =2, 1. L. KaTtyHsH, [. C. Bobpos, P. X. denueBa, E. FO. Llenviesa
MNepBblit MOCKOBCKMIA FrOCYAaPCTBEHHbIN MEAMUMHCKMIA yHMBEPCUTET MeHn V. M. CedeHoBa (CeveHoBckmin YHBepenTeT), Mockea, Poccus

OcTeoapTpos (OA) nopavkaeT Kak NoXXUAbIX MFOAEN, ANS KOTOPbIX OH OfHA 13 OCHOBHBIX MPUHMH MHBaNMAHOCTY, Tak 1 L, TPYAOCTOCOOHOro BO3pacTa v SBnseTcs
AKTYaNTbHOW KIIMHNHECKON 1 COLMarbHOM NPOGIeMOoit BBIOY YCTOMHMBOCTH BOSIEBOrO CHAPOMA K MPOBOAVMMON Tepanum. 3ab0nesaHno xapakTepHa AeCTPYKLMS
BHYTPUCYCTaBHbIX 1 NMapaapTUKyNSPHbIX CTPYKTYP, Taknx Kak cyoxoHApaibHas KocTb. [Mpy OA BaXkKHbIM MPU3HAKOM NaTOMOMMHECKMX UBMEHEHUI CIY>KUT OTeK
kocTHoro mosra (OKM). B pabote paccmoTpeHbl Bonpock! BivsiHUS OKM Ha pasBuTe roHapTpOo3a, a Takke TepaneBTUYeckme Noaxoabl K BEAEHWIO NauneHToB
¢ OA. Llenbto nccnepnosaHus 6bina padpaboTka metoamki nedeHnss OKM npr OA KOIEHHOro CcycTaBa MyTeM JIOKASTbHOrO BHYTPMKOCTHOIO BBEAEHWS B 30HY
oTeka ayTonornyHon oboratleHHor TpomboumTami nnasmel (PRP). Viccneposanu 17 naumeHToB ¢ avarHo3oM «OcTteoapTposd -V cT.» no knaccudukaummn
Kellgren-Lawrence, y koTopbix Ha MPT B cybxoHapaibHOM 30He BbisiBIEHb! 061acTy TokanbHoro Bocnanenuns B Buae OKM B COOTBETCTBUN C MEXAyHaPOAHOM
knaccudrkaumen WORMS. CpefHuii BO3pacT naumeHTos coctasmn 41,7 + 14,3 net. MNaupeHtam BHYTPUKOCTHO 13 BHECYCTaBHOrO AocTyna B 3oHy OKM Beogum
ayToNorn4Hyto oboraLLieHHyo TPOMBOLMTaMM NasMy Nof PEHTFEHOCKONMUHYECKM KOHTPoneM. OLeHKy aheKTUBHOCTY feHeHs MPOBOAVAM MO Lukanam BALLI,
WOMAC 1 KOOS po BBefeHus aytonnasmel, H4epes 1 1 3 Mecsiua nocne Hadana nedeHust. Yepea 3 Mecsiia nocne MaHunysumm oTMeqanocb CTaTUCTUHECKN
3HAYMMOE CHIDKEHWE MoKasaTenen MHTEHCMBHOCTY BocnanmTensHoro cuHapoma: no WOMAC Ha 17,5%, KOOS Ha 19,4% 1 no BALL Ha 33,1% (p < 0,01).
Taknum 06pasoM, fokasdaHa IPHEKTVBHOCTb BHYTPUKOCTHOMO BBEAEHWUS ayToNorMyHol oboralleHHor TpomboumTamy nnasmbl B neveHun nauyeHtos ¢ OA,
conposoxaatoLmest OKM B cybxoHApasbHOM 30He.
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According to the WHO, 11 to 13% of the world's population suffer
from osteoarthritis (OA). OA affects both the elderly, for whom it is
one of the main causes of disability, and the working age people
[1-4]. Peculiar to the disease are chronic pain, destruction and loss
of articular cartilage, remodeling of subchondral bone, formation
of osteophytes, inflammation of the synovial membrane of varying
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degree, involvement of both intraarticular and paraarticular
structures in the pathological process [5].

For a long time, it was the articular cartilage that was believed
to be the driver of OA development. However, in the last decade
the role of the subchondral bone (SB) has been attracting
attention both from the point of view of etiopathogenesis and
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that of its clinical significance in the processes [6]. It was proved
that SC remodeling plays an important part in OA pathogenesis
[7]. The changes therein can come first and trigger OA of
they can be a consequence of the developing degenerative
dystrophic processes [8-10].

An important sign of pathological changes in SC with OA in
the background is the MRI-detected bone marrow edema (BME).
This term was first registered in 1988; it is increasingly used to
describe an MR signal alerting of an OA-associated pathology
[11, 12]. BME is usually found in the subchondral sclerosis zone,
aggravated by the increased share of the bone tissue volume
and trabecular layer compaction [13]. As OA advances, BME
tends to grow, which is considered an important risk factor in
the subsequent progressive destruction of articular structures
[2, 14, 15]. BME and joint deformation were shown to be the
predictors of OA transition to the rapid progression stage [4].
Moreover, focal cartilage lesions often develop next to BME, and
the MR signal intensity typically reflects the degree of cartilage
tissue destruction [16, 17]. a number of researchers consider BME
one of the reasons behind the associated severe pain.
OA patients complaining about intense pain around the affected
joint had a BME measuring over 1 sq cm (as detected by MRI)
more often than those who did not report pain as severe [14, 18].
Patients with BME were showing significant progression of
cartilage destruction accompanied by pain [19]. Thus, BME
can be considered a predictor of the onset of cartilage degradation
and pain even before manifestation of all typical clinical symptoms
of OA. At the same time, some researchers believe that BME
can also be a sign of osteonecrosis, which causes pain at
rest [20, 21].

Despite the increasing attention paid to the BME's influence
on OA lately, a consensus has not yet been reached. Treating
subchondral bone pathology in the context of a complex OA
therapy is one of the most-discussed topics. When the nature
of articular cartilage and subchondral bone interrelation was
understood, the importance of changes in this bone became
more apparent. The interrelation was called the osteochondral
(functional) unit. It was shown that BME is closely associated with
the progression of intraarticular structures degeneration and joint
pains intensification. Thus, the likelihood of arthroplasty as the
optimal therapy grows together with the expansion of BME [22, 23].

Genetic and histological analysis of the bone marrow
samples taken from the affected zone revealed that pain
linearly correlates not only with the OA progression status but
also with changes in the subchondral BME microenvironment
[24]. BME zones have shown to host intense metabolic activity
that implies expression of genes involved in the inflammatory
processes [24]. Thus, it is assumed that bone metabolism
rate in a BME is high, as is the accumulation of cytokines and
angiogenic factors, which drives growth of new vessels and
nerve endings in this region [25].

There is a subchondroplasty technique applied to treat
OA-associated bone and cartilage pathology that implies
introducing calcium phosphate to the affected subchondral
bone under arthroscopic control. a trial on 133 gonarthrosis
patients that also had BME has proven the technique effective,
although 2.5 years after the procedure 25% of them reported
no improvements and agreed to joint replacement [23].
Another paper describes a trial of the same technique on 164
gonarthrosis patients that were recommended to have their joint
replaced. After subchondroplasty, 70% of them reported significant
improvement and decided to refuse the replacement [26].

Currently, a growing number of practitioners turn their
attention to a group of techniques implying intraosseous
administration of autologous platelet-rich plasma [27-29].

The mechanisms behind the good results registered after
injection of autologous platelet-rich plasma (PRP) are still being
investigated, however, its anti-inflammatory and regenerative
effects are no longer called into question. in this connection, it
seems promising to seek development of an OA therapy that
would revolve around administering PRP to the BME locus.

This study aimed to develop a PRP therapy against OA-
associated BME that implies local intraosseous injections into
the edema zone.

METHODS

The study involved 17 patients (41,7 + 14,3 years), 15 of them
with grade II-IV knee OA (Kellgren-Lawrence classification)
concomitant with MRI-detected BME primarily located in the
medial (inner) parts of the knee joint [30]. Inclusion criteria:
patients of both sexes in age from 40 to 80 years; predominance
of the knee joint arthrosis, joint pain score more than 3 points
on VAS; radiological 2 and 4 degrees of the disease severity
according to |. Kellgren and |. Lawrence classifications
with bone marrow edema in the subchondral zone; body
mass index 20-33; opportunity for observation during the
entire study period; mental adequacy, ability and willingness
to cooperate and implement the doctor's recommendations.
Exclusion criteria: bilateral arthrosis of the knee joints with
synovitis; body mass index > 33; polyarthritis; severe limb
deformation — varus curvature of the diaphysis more than
4 °C and valgus — more than 16 °C; arthroscopy less than
1 year before treatment; intraarticular injections of hyaluronic
acid over the past 6 months; systemic autoimmune diseases;
poorly controlled diabetes mellitus (glycosylated hemoglobin
above 9%); blood diseases (coagulopathy, anemia with HB < 90);
ongoing immunosuppressive therapy, treatment with warfarin
or other anticoagulants; treatment with corticosteroids for
6 months before inclusion in the study; patient refusal from
further participation in the study; identification of objective
contraindications to surgery; lack of the possibility of dynamic
monitoring and control during the established period.

The duration of the disease ranged from 1 to 9 years
(5,2 + 4,5). The patients were diagnosed with OA based on
their complaints, history and clinical-radiological examination.
All patients had their knee joints x-rayed in two projections,
anteroposterior and lateral, with tibia flexed at 30 (Table1).

MRI provided the data needed to evaluate the condition
of the subchondral zone and BME in all patients. We used
WORMS (Whole Organ Magnetic Resonance Imaging Score)
to describe the bone marrow edema. The Score is designed to
assess signal intensity on T2-weighted images [2]. The lesions
were evaluated in points; we measured the maximum diameter
of the edemas using RadiAnt DICOM Viewer 4.6.9 (64-bit)
software (Medixant; France). Table 2 contains the diagnosis
criteria. Figures 1 and 2 are tomograms depicting severe BME
in some of the patients participating in the study.

Upon admission, all patients had their pain level evaluated
with the help of VAS and filled the WOMAC and KOOS
questionnaires [31-33]. The values of the same indicators
were registered further on, in 1 and 3 months after the
studied procedure.

PRP preparation and method description
We used a Regenlab PRP kit (REGEN ACR technology,
2011, Switzerland) to prepare PRP injections. The kit allows

making a preparation that persists for a specific period of time
after intraosseous administration. We distributed 30 ml of
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autologous venous blood into three tubes: two REGEN BCT
tubes to prepare autologous platelet-rich plasma and one
REGEN ATS tube to obtain autologous thrombin serum used to
activate the preparation (step 1). All tubes were centrifuged for
5 minutes at 3100 rpm (step 2). Then, under sterile conditions,
we mixed PRP from REGEN BCT and autologous thrombin
serum from REGEN ATS in a syringe at 10:1 ratio (step 3) (Fig. 2).
The PRP was injected into the BME zone as identified on the
T2-weighted images, i.e. in the medial or lateral condyle of
femur or tibia. For the manipulation, the patients were put on to
the operating table, supine, under the influence of intravenous
anesthesia (step 4) (Fig. 2).

The preparation was administered through a stylet with a 13
gauge mandrin (Stryker, USA); the process was monitored with the
help of an electron-optical converter (EOC). The lesion received
5 ml of the preparation through the needle that reached it (Fig. 3).

For the days following the procedure, the patients were
recommended to apply cold locally, limit loads for up to 1 week,
restrain from increased loads for up to 2 weeks, take 4 g of
paracetamol a day (orally) if in pain. No selective non-steroidal
anti-inflammatory drugs were used.

Statistica 13.3 software (StatSoft; USA) enabled statistical
analysis of the data.

Table 1. The patients
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RESULTS

According to MRI, 2 patients had minimal BME, in 7 patients the
edema was moderate and in 8 it was qualified as severe (Fig. 4).

After PRP administration, the pain, as measured with VAS,
subsided significantly over time. Before the treatment, it was
identified as "severe" (51.4 + 6.9 points); 1 month after, the
score decreased by 36.4 points, which corresponds to "minor"
(15.0 = 8.3, p < 0, 01), and 3 months later the value was
18.3 = 11.6 points, (p < 0.01), which is also within the "minor"
range (Fig. 5).

WOMAC figures also reflect significant improvement of the
indicators. The average score (summed) at admission was
57.38 + 12.85 points, 1 month after drug administration —
76.45 + 5.91 points (o < 0.01), and after 3 months it reached
75.33 + 8.41 (p < 0.01) (Fig. 5).

KOQOS figures followed the same pattern: the average score
at admission was 52.78 + 13.38 points, a month after PRP
injection — 72.00 + 7.35 points (p < 0.01), and 3 months later
it reached 72.13 + 8.50 points (p < 0.01) (Fig. 5).

Since KOOS includes 5 subscales that consider various
aspects of the knee joint condition, it is of interest to evaluate
them individually (Table 3). Relative to the beginning of the

Female 10 (58.8%)
Gender (number of patients)
Male 7 (41.2%)
Average age (years) 41.7 £+ 143
Knee joint disease duration (years) 52+45
Average time under medical supervision (months) 55+25
Affected joint (amount) One side 17 (100%)
| 0
Il 5 (29.4%)
Kellgren—-Lawrence grade based on x-ray
n 10 (58.8%)
1\ 2 (11.8%)

Table 2. WORMS diagnosis criteria

BME degree Lesion diameter (mm) WORMS score
None 0
Minimal <5 1
Moderate 5-20 2
Severe > 20 3

WL: 381 WW: 825 [D]
T: 3.0mm L: -119.8mm

Blagova G.A.
PMU
23.10.1966 F

1MGMU Sechenova

1
knee~dinical libraries
=3

.2018 14:32:38|

Fig. 1. Measuring the BME with the help of RadiAnt DICOM Viewer 4.6.9 (64-bit), WORMS. A. BME in the lateral condyle of the femur, size 1.17 cm. B. BME in the
medial condyle of the tibia, size 3.14 cm
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treatment, all indicators have shown significant positive
dynamics. It should be noted that the most pronounced
improvement in the average values was recorded in the Sport
and Recreation Function (from 25.83 + 21 to 53.33 + 28.86)
and the Quality of Life (from 24.08 18.39 to 54.18 21.48)
subscales by the third month. The pain subsided by the first
month and then increased slightly by the third months but still
remained significantly less intense.

It is important to note that the majority of KOOS subscales,
as well as VAS and WOMAGC, revealed that the improvement
peaks 1 month after administration of the preparation, and by
the third month the average values deteriorate slightly, although
the change was not always significant.

Step 1

DISCUSSION

The intraosseous subchondral PRP injection technique we
developed is a minimally invasive and affordable modality to
treat gonarthrosis with BME. The PRP preparation made with
the Regenlab PRP kit offers a prolonged therapeutic effect.
Previously, it was shown that BME is a zone of high bone
metabolism and accumulation of cytokines and angiogenic
factors, which is essentially translates into local inflammation
[24, 25]. The improvement of the patients' condition after
administration of PRP supports the theory that such plasma
produces a pronounced anti-inflammatory effect when applied
topically. Despite the fact that PRP contains angiogenic and

Step 3

Fig. 2. Preparation of PRP. 1: Blood collection. 2: Centrifugation. 3: Mixing (10 : 1 ratio). 4: Injection

Fig. 3. EOC-controlled administration of PRP into the BME zone, medial condyle of the femur. EOC image: needle in the femur's medial condyle

Moderate
41.2%

Fig. 4. Patients by BME severity, WORMS

Minimal
11.8%
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KOOS
Il 3 months

Fig. 5. Dynamics of the average values, VAS, WOMAC and KOOS. 17 knee OA patients were injected PRP in the BME zone. Their condition was assessed before

injection and 1 and 3 months after treatment.

Table 3. Functional scale, KOOS subscales

Before 1 month after treatment 3 months after treatment
Symptoms 62.85 + 10.28 74.28 + 10.53" 71.43 +6.18*
Pain 53.70 + 7.18 74.40 + 11.87* 70.36 + 12.52*
Activites of Daily Living 53.36 + 15.41 73.04 +10.21 74.51 + 4.24*
Sports and Recreation 25.83 + 21 58.33 + 19.66 * 53.33 + 28.86 *
Quality of Life 24.08 + 18.39 40.62 + 23.30 * 54.18 + 21.48*
Final index 52.78 + 13.38 72.00 + 7.35* 7213 +£8.50*

Note: * — statistically significant change of the value compared to the initial measurements, p < 0.01.

profibrotic growth factors, there was not reported a single
case of aggravation.

The data we obtained in the context of this research effort
are largely consistent with those of other authors who injected
PRP intraosseously to treat gonarthrosis [27-29]. One of the
papers describes treating 14 gonarthrosis patients (severe
condition) with three intraarticular injections of 8 ml of PRP in
combination with subchondral intraosseous injections of 5 ml
of PRP (delivered to the medial tibial condyle and the medial
condyle of the femur); after 6 months, all patients reported less
pain and improved KOOS scores, which echoes our results
[29]. In our case, the drug was administered intraosseously, once,
and the clinical improvement was recorded 3 months earlier.

Nevertheless, it must be recognized that by the third month
the achieved effect fades, although clinical tests still show that
the improvement is significant.

The most pronounced improvements, which were recorded
in the Sport and Recreation Function and the Quality of Life
subscales, probably result from the emotional state of the
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In recent decades, nucleic acid sequencing technologies used for metagenomic analysis have become the main methods for assessing the composition of
microbiota. At the same time, the use of novel methods of cultivation and identification of microorganisms in microbiological research led to the renaissance
of culture-based technologies, because facilitated the discovery and isolation of both new strains of well-known microorganisms as well as uncultivated
and unexplored bacterial taxa. The aim of this study was to evaluate the potential of using the culture-based method for the assessment of the qualitative
and quantitative composition of the intestinal microbiota in healthy children. Eleven growth media were inoculated with serial dilutions of stool samples in
order to analyze the profile of dominant anaerobic bacteria, as well as aerobic bacteria and fungi in 20 healthy children aged 2-4 years. The identification of
microorganisms was performed using MALDI TOF MS and 16S rRNA gene fragment sequencing were used. 1,819 isolated and identified strains belong to 7
phyla, 13 classes, 18 orders, 33 families, 77 genera and 149 species in the Bacteria domain. The Bacteroidetes, Firmicutes, Actinobacteria and Proteobacteria
phyla were most abundant and frequent. The greatest species diversity (more than 85 species) was found in the Firmicutes phylum. Ten new previously
uncharacterized bacterial strains were isolated.
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OonbIT MTPUMEHEHUA KYNbTYPAJIbHOINO, MACC-CINMEKTPOMETPUYECKOIO 1 MOJIEKYNIAPHOIO
METO[0OB B MICCNEAOBAHUN KULLEYHON MUKPOBWOTHI Y OETEN

B. A. Edpumos =, A. B. Hanmmn, C. P. Cokonosa, 3. A. HepHas, A. I, MukuHa, A. M. Casunosa, J1. V. Kathapckas

Poccuincknii HaumoHanbHbIN NCCNE[OBATENBCKNA MEANLMHCKNI YHUBEpcuTeT nvenn H. W. Muporosa, Mockea, Poccus

B nocnepnHve fecsTuneTs OCHOBHbIMU METOAAaMM OLEHKM COCTaBa MUKPOOWOTbI CTaN TEXHOMOMM CEKBEHNPOBAHMSI HYKIIEMHOBbBIX KCOT, UCTMONb3yemble NS
MeTareHOMHOro aHanmsa. B To xe Bpems BHeApeHue B NMPakTUKy MUKPOOMONOMMHYECKNX UCCREAoBaHMn HOBbIX METOAOB Ky/sTVBMPOBAHWS U MAEHTUdMKALWMN
MVKPOOPraH3MOB MPUBESIO K PEHECCAHCY KybTyPabHbIX TEXHOMOMIA, MOCKOMbKY MO3BOMMIO PELLNTL 3aAa4M MO MOUCKY W BbIAENEHMIO HOBbIX LLUITAMMOB Kak
YXKE VI3BECTHbIX MUKPOOPraHM3MOB, Tak U paHee HeKyNsTUBMPYEMbIX M HEW3YYEHHbIX HakTepuaribHbIX TakCOHOB. Llenbto paboTbl 6bI10 OLEHWTL NoTeHuman
MCMONBb30BaHUS KyETypPaibHOro METOAA A1t OLIEHKM KaYECTBEHHOIO M KONMHYECTBEHHOMO COCTaBa KULLIEYHOW MUKPOOWOTbI 300POBbIX AeTel. AHanm3 cocTaBa
OOMUHVPYIOLLMX FPYMNM aHaspOOHbIX 6akTepuit, a Takke aspobHbix bakTepuii 1 rpmbos y 20 3A0POBbIX AeTel B BO3pacTe 2—4 neT NpoBOAvAM NyTeM BbiCeBa
CepUinHbIX pasBefeHnin hekannii Ha 11 nuTaTenbHbIX cpeq,. NS aeHTUhrKaummnm MMKPoopraHMaMoB 1enonbdoBan Mmetod MALDI TOF MS 1 cekBeHnpoBaHvie
parmeHTa reHa 16S pPHK. VaeHTndnkaumns 1819 BblaeneHHbIX LTaMMOB MYKPOOPraHM3MOB Nokaaana, YTo OHW NpuHadnexxanv K 7 Tunam, 13 knaccam, 18
nopsigkam, 33 cemenicteam, 77 pogam 1 149 Bruaam gomMeHa 6axktepuit. 1o KONM4eCTBY 1 HaCTOTe BCTPEYaEMOCTI JOMUHMPOBaN GakTepumn TMnoB Bacteroidetes,
Firmicutes, Actinobacteria v Proteobacteria. Hanbonbluee BnaoBoe pasHoobpasue (6onee 85 B1aoB) o6Hapy»keHo cpeay bakTepuii Tuna Firmicutes. BbigeneHo
10 LWTaMMOB HOBBbIX, MOKa HE OXapaKTepn30BaHHbIX BakTepuaibHbIX BULOB.

KntoyeBble crnoBa: M1KpobroTa K1LLeYHrKa, AeTu, BblaeneHune baktepuii, brnopasHoobpasne, MMKpobronornieckme MeTodbl, cekBeHpoBaHme JHK, macc-
cnektpometpus, MALDI TOF MS
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Most representatives of human and animal intestinal microbiome
are classified as difficult-to-cultivate or nonculturable groups
of microorganisms. Currently, massive parallel sequencing of
DNA samples is used predominantly for the assessment of
the composition of gut microbiota, for example, sequencing
of the fragments of genes encoding 16S rRNA or sequencing
of genomic DNA fragments [1, 2]. However, it is often difficult
to interpret the obtained data, since the analyzed nucleotide
sequences sometimes cannot be correlated with known
bacteria or bacteriophages [3-5]. These approaches also have
a disadvantage: only the relative ratio of the dominant groups of
bacteria can be characterized efficiently, while the exact number
of dominant or minor taxa remains beyond such studies [6, 7].
Real-time PCR with species-specific or group-specific primers
and subsequent normalization of the results using recombinant
plasmid DNA containing the cloned regions of amplified gene
fragments are used for more accurate quantitative determination
of bacteria [8]. However, this method makes it possible to
determine the total number of copies of amplified DNA regions
in the sample rather than the number of viable bacterial cells.
In addition, due to the complexity of the method, especially
in the studies aimed at quantification of the wide range of
microorganisms, this approach is mainly used to analyze the
composition of large taxonomic clusters of microorganisms
(genera, families, groups) rather than certain known species.
Thus, along with the development of technologies based on
the sequencing of the genetic material of microorganisms, it
is still important to improve cultural methods, since it allows
us to solve the problem of searching for, isolating, determining
the number and studying the biological properties of new
strains in well-known bacteria, as well as in unexplored bacterial
taxa [9].

The aim of the study was to evaluate the potential of
using the culture-based method to assess the qualitative and
quantitative composition of the intestinal microbiota of healthy
children by stool samples inoculation of growth media widely
used in laboratory practice for fastidious bacteria.

METHODS

The study of the parameters of colon microbial colonization was
carried out in a group of 20 healthy children of both sexes living
in Moscow. 17 of them regularly attended preschool institutions,
and three children were in home schooling. Children were
selected by the authors of the study. The age of the subjects
ranged from 2 years 11 months to 4 years 10 months (average
age 3 years 5 months), of which there were 12 boys and
8 girls. Inclusion criteria: children of both genders; children’s
age 2.5-4 years; parental consent presence. Exclusion criteria:
children of other age; the presence of any chronic disease,
such as diabetes mellitus, bronchial asthma, gastrointestinal
diseases (celiac disease, functional constipation, short bowel
syndrome, or inflammatory bowel disease); the presence of
food allergies or parental belief in lactose intolerance in a child;
pronounced selectivity in food consumption; use of antibiotics,
immunomodulatory, steroid or probiotic drugs for 6 months
before the study; infectious gastroenteritis in the last 6 months
before the study, confirmed by laboratory tests; history of
gastrointestinal surgery.

The material for the study was the feces of children which
were collected by the parents with a sterile spatula and placed
in a sterile container for transportation. The study was carried
out under the condition that the amount of material placed in
a container was not less than 15 g, and the time of its delivery
to the laboratory did not exceed 2 hours from the moment
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of collection. In the laboratory immediately after receiving
the feces were homogenized, their tenfold serial dilutions
(from 10 to 10° times) were prepared in test tubes with sterile
Schaedler Anaerobe Broth liquid medium (Oxoid, Basingstoke;
UK), and aliquots in a volume of 0.1 ml of the corresponding
dilutions were inoculated on Petri plates with growth media.
The isolation of strictly anaerobic bacteria was performed on
the Schaedler Anaerobe Agar (Oxoid, Basingstoke; UK) with
the addition of 5% (v/v) defibrinated sheep blood, Anaerobe
Basal Agar (Oxoid, Basingstoke; UK) with the addition of sheep
blood, Columbia Agar (bioMérieux, Marcy |'Etoile; France)
with the addition of sheep blood. Inoculation of growth media
was carried out from the 107, 108, and 10° fold dilutions of
the sample. Bifidobacteria and sulfate-reducing bacteria were
also isolated on the Bifidobacterium Agar (Himedia Labs Inc.;
India) and Perfringens Agar Base (Himedia Labs Inc.; India)
respectively from the specimen 10°, 107 and 108 fold dilutions.
The Petri dishes were incubated in the anaerobic jars (Schutt
Labortechnik GmbH; Germany) filled with a gas mixture (85%
N,, 10% H,, 5% CO,) in the presence of platinum catalysts
at 37 °C for 72 hours. Lactic acid bacteria were cultured on
Lactobacillus MRS Agar medium (Himedia Labs Inc.; India)
from the specimen 10° and 10° fold dilutions, the plates were
incubated in the anaerobic jars (GasPak; USA) with the 7%
CO, atmosphere for 48 hours. Aerobic bacteria were isolated
from the sample 10, 10%, 10° and 107 fold dilutions on the
following media: Endo Agar (Becton Dickinson and Company,
USA), Salmonella—Shigella-Agar (bioMerieux Marcy [I'Etoile;
France), Gelatin Mannitol Salt Agar (Staphylococcus Agar
# 110, Himedia Labs Inc.; India), m-Enterococcus Agar
(Difco Laboratories, Franklin Lakes; USA), Columbia Agar
(bioMérieux, Marcy I'Etoile; France) with the addition of 5%
(v/v) sheep blood. The Sabouraud Chloramphenicol 2 Agar
medium (bioMérieux, Marcy |'Etoile; France) was used to
isolate the fungi.

After incubation the culture properties of bacteria were
described, morphological types were counted separately for
each colony type. In addition, bacteria from each type of colonies
were stained by Gram method, subcultured on plates with
the same medium and incubated under anaerobic or aerobic
conditions to obtain the stock of bacteria for identification and
preservation. Partially, the isolated microorganism strains were
lyophilized after freezing in a 10% sucrose/1% gelatin (w/v)
solution in the Freeze Dryer SB1 (Chemlab; UK). Test tubes
with lyophilized strains of microorganisms were stored at a
temperature of —80 °C.

The primary identification of bacteria and fungi was performed
using the MALDI TOF mass spectrometry on the Vitek MS Plus
unit (bioMérieux; France) with the Saramis Premium v. 4.10
software according to the manufacturer's recommendations
[10, 11]. The strains of bacteria, the species identity of
which could not be established using MALDI-TOF mass
spectrometry, were identified by 16S rBNA gene sequencing
[12, 13]. In addition, 16S rRNA gene sequencing was used
for some strains to confirm the results of species identification
by mass spectrometry. The polymerase chain reaction (PCR)
amplified a portion of the 16S rRNA gene using the universal
bacterial primers 27F (5'-AGAGTTTGATCCTGGCTCAG-3')
and 1492R (5'-ACGGYTACCTTGTTACGACTT-3') for 35 cycles
with the following program: denaturation 20 s at 94 °C; primer
annealing 20 s at 58 °C; elongation 90 s at 72 °C. The obtained
PCR product was purified using the Cleanup Standard kit
(Evrogen; Russia). The Sanger sequencing of the amplified
DNA fragment from the UF1 primer was carried out at Evrogen
(Evrogen; Russia). The determination of the cut-off boundaries
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of the sequences by the quality of electrophoregrams was
carried out visually using the Chromas Lite software (version
2.6.6, Technelysium Pty. Ltd.; Australia). The species of
bacteria was determined on the basis of a search for the
nucleotide sequences obtained in the GenBank database
using the Megablast algorithm. The result of the comparison
was considered to correspond to the level of the species in the
case when its partially sequenced 16S rRNA gene sequence
resembled > 98.7% of the sequence of the closest known
bacterial species in the GenBank database [14].

The number of bacteria was expressed in log,, colony
forming units in 1 g of the test material (log,, CFU/g). The CFU/g
of the test material was calculated using the following formula:
CFU/g = the number of colonies of the corresponding type of
microorganisms grown on the plate (or the average number of
colonies of the corresponding type of microorganisms, in cases
when bacteria of one type gave growth on different media or
gave growth only on one of growth media, but were determined
at more than one dilution) x 10 x dilution ratio. The total number
of cultured microorganisms per sample was calculated by
adding the quantitative values of individual species.

Statistical data processing was performed using the
Mann-Whitney test and Fisher's exact test, multiple comparisons
were corrected using the Bonferroni method. The tendency to
form clusters was checked using the VAT algorithm [15] and
the principal component analysis.

RESULTS

In total, 1,819 strains of microorganisms were isolated from
20 healthy children. The species identification of most strains
was carried out using the MALDI TOF MS. To establish the
taxonomic identity of 140 bacterial strains that could not be
identified by mass spectrometry 16S rBNA gene sequencing
was performed. Comparative analysis of the obtained
nucleotide sequences with the GenBank database showed
that 130 bacterial strains belonged to 88 known species, and
10 belonged to new, not yet studied bacterial taxa. The number
of identified microorganism species per sample varied from 21
to 48 and averaged 34 + 8. The total number of viable bacteria
per 1 g of faeces varied from 10.0 to 11.1 log,, CFU/g and
averaged 10.6 = 0.4 log,, CFU/g.

In general, it was found that the isolated strains belonged to
7 phyla, 13 classes, 18 orders, 33 families, 77 genera, and 149
species of the Bacteria domain. Also 3 species of fungi from
2 families of the Saccharomycetales order were identified.

The reduction in the dimension by principal component
analysis, as well as the use of the VAT algorithm, did not reveal
a tendency to form clusters from the microbiocenoses of the
examined children on the basis of the obtained data on the
quantitative and qualitative composition, which does not allow
classifying the microbiocenoses in this study into enterotypes or
their analogs. There were no statistically significant differences
in the microbial composition of the gut tract microbiota,
depending on the age and gender of children, which may be
due to the small size and homogeneity of the sample.

Generic assignment, frequency of occurrence and the
quantitative level of microorganisms isolated from feces of 20
healthy children are presented in tables 1-5. It was revealed
that dominant by the number and frequency of occurrence
bacteria belonged to the Firmicutes (9.8 + 0.4 log,, CFU/g),
Bacteroidetes (10.3 + 0.4 log,, CFU/g), Actinobacteria
(10.0 = 0.5 log,, CFU/g), and Proteobacteria (8.5 + 1.1 log,, CFU/g)
phyla. Representatives of each of these groups of bacteria were
found in all children. In addition, in 25% of children (an average

of 9.1 + 0.4 log,, CFU/g) the bacteria of the Akkermansia
muciniphila species were obtained in pure culture, which
belong to the Verrucomicrobia phylum, in two children the
Fusobacterium mortiferum (8.8 and 8.6 log,, CFU/g) were
isolated which represent the Fusobacteria phylum. From one
child the strain of the Victivallis vadensis bacteria belonging to
the Lentisphaerae phylum was isolated, its concentration was
10° log,, CFU/g.

The phylum Actinobacteria consisted of the two classes
of bacteria: Actinobacteria and Coriobacteriia (Table 1).
Bacteria of Actinobacteria class belonged to 4 orders and 4
families, the representatives of the Bifidobacteriaceae and
Propionibacteriaceae families prevailed. Bifidobacteria
(occurred in 100% of children), were the dominant
microorganisms in the gut microbiota of healthy children. A
total of 6 species of bifidobacteria were isolated, among them
B. longum, B. bifidum, B. adolescentis, and bifidobacteria of
the B. catenulatum/pseudocatenulatum group.

The Coriobacteria class was represented mostly by the
families Coriobacteriaceae and Eggerthellaceae, the dominant
species were Collinsella aerofaciens and Eggerthella lenta.

The phylum Bacteroidetes consisted of 5 bacteria families
belonging to order Bacteroidales (Table 2). The Bacteroidaceae
family was represented by single genus Bacteroides, to which
the 14 identified species belong. The bacteroids were isolated
in 100% of cases in average number 10.1 + 0.4 log, , CFU/g of
feces. Among bacteroids the B. dorei/vulgatus and B. ovatus/
Xylanisolvens species dominated in healthy children, as well as
B. uniformis, B. fragilis and B. thetaiotaomicron.

The Rikenellaceae family was also represented by only
one genus Alistipes and 9 isolated species. Alistipes occurred
in 90% of healthy children. The average number of bacteria
was 9.5 = 0.4 log,, CFU/g, the dominating species were
A. onderdonkii, A. putredinis and A. finegoldii.

The Porphyromonadaceae family bacteria were isolated
from 75% of children, they belonged to the Parabacteroides,
Barnesiella and Coprobacter genera. The dominant species of
these taxa were Pdistasonis, P merdae and B. intestinihominis
observed in 45%, 35% and 40% of children respectively.
Moreover, in almost all cases when bacteria of these taxonomic
groups were detected, their concentration in the specimen was
equal to or was close to 10° CFU/g.

Bacteria of the Prevotellaceae family turned out to be the
rarest representatives of the order Bacteroidales at the used
threshold for the detection of anaerobic bacteria, which was
at least 108 microbial cells per 1 g of feces. In total from three
children (15%) 5 strains of bacteria belonging to the Prevotella
copri, B melaninogenica, P. rara and Paraprevotella clara species
were isolated.

The phylum Firmicutes demonstrated the greatest
diversity of taxa, it was represented by 4 classes of bacteria,
including 7 orders, 17 families, 45 genera, and 93 species
of microorganisms, including new bacterial taxa found in this
study (Table 3). Class Clostridia was represented only by the
order Clostridiales, which included 47 species of bacteria
belonging to 30 genera and 6 families. Representatives of
the Lachnospiraceae family were found in 85% of children
in average concentration of 9.0 + 1.0 log,, CFU/g and were
the most common taxon of this class. Among the bacteria
species belonging to this family and found more often than
others, was Clostridium clostridioforme, observed in 55% of
children at an average concentration of 8.2 + 1.0 log,, CFU/g.
The other common genera of the family Lachnospiraceae
were Blautia (in 65% of children, average concentration
8.9 + 0.9 log,, CFU/g), as well as bacteria belonging to the
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Table 1. Species identity of the Actinobacteria phylum cultured bacteria of the gastrointestinal tract microflora isolated from healthy children (n = 20)

Phylum Actinobacteria
Class Actinobacteria

Taxa Observed number (%)? Mean + SD log,, CFU/g® Growth media®
;)er?‘z; BBig%fjl?g;::?;ﬁLI’e’: family Bifidobacteriaceae, 20 (100) 0.8+06
Bifidobacterium longum 20 (100) 9.3+0.5 SAA; ABA; CA; BA
Bifidobacterium adolescentis 8 (40) 9.5+0.6 SAA; ABA; CA; BA
Bifidobacterium catenulatum/pseudocatenulatum’® 11 (55) 9.1+0.7 SAA; ABA; CA; BA
Bifidobacterium bifidum 8 (40) 9.5+0.6 SAA; ABA; CA; BA
Bifidobacterium animalis 6 (30) 9.3+0.7 SAA; ABA; CA; BA
Bifidobacterium breve 2 (10) 9-10.2¢ SAA; ABA; BA
ger(ri‘zg Ierg;‘gLifez;gre:ales, family Propionibacteriaceae, 7(35) 91+06
Cutibacterium acnes 5 (25) 8.9+0.7 SAA; ABA; BA
Cutibacterium granulosum 2 (10) 9-9.8 ABA; CA

Class Coriobacteriia

Order Coriobacteriales, family Coriobacteriaceae
Collinsella aerofaciens 11 (55) 9.2+ 0.7 SAA; ABA; CA; BA
Genus Eggerthellales, family Eggerthellaceae
Eggerthella lenta 17 (85) 8.8 +0.7 SAA; ABA; CA
Gordonibacter pamelae 3(15) 8.5+0.9 ABA; CA; PAB
Raoultibacter massiliensis 1(5) 9 CA
Slackia isoflavoniconvertens 1(5) 9.3 CA
Adlercreutzia equolifaciens 1(5) 9 CA

Note (used in this table and tables 2-5): # Frequency of occurrence (absolute number of subjects/percentage of subjects); * Mean + standard deviation log,, of the
number of viable microorganisms in 1 g of feces (CFU/g — colony forming units in 1 g of feces); ©*/* — A group of phylogenetically related microorganisms, identity was
established using the MALDI TOF MS method on the Vitek MS Plus unit with the Saramis Premium V. 4.10 software; © Smaller and larger value of the log, , index of the
number of viable microorganisms, if they were found only in two examined children in the group; ® Names of the growth media used for isolation and registration of the
relevant microorganisms types. SAA — Schaedler Anaerobe Agar; ABA — Anaerobe Basal Agar; CA — Columbia Agar; BA — Bifidobacterium Agar; PAB — Perfringens
Agar Base; MRS — Lactobacillus MRS Agar; EA — Endo Agar; SSA — Salmonella—Shigella-Agar; GMSA — Gelatin Mannitol Salt Agar (Staphylococcus Agar # 110);
mEA — mEnterococcus Agar; CAa — Columbia Agar, plates with which were incubated aerobically; SC2A — Sabouraud Chloramphenicol 2 Agar.

genus Anaerostipes (in 40% of children, concentration 8.2 +
1.0 log,, CFU/g). Another common family of bacteria in the
Clostridia class were the Ruminococcaceae representatives
(in 65% of children, average concentration 8.8 + 0.5 log,, CFU/g)
mostly represented by the species Flavonifractor plautii,
Ruthenibacterium lactatiformans and Anaerotruncus  colihominis.
It is worth noting that the bacteria of such species of the
Ruminococcaceae family as Faecalibacterium prausnitzii
and Gemmiger formicilis, which, according to the results of
sequencing of the libraries of 16S rRNA genes, constitute
the dominant part of the normal human gastrointestinal tract
microflora [16], were isolated only from one child. Such results
indicate that it is necessary to use selective growth media and
exclude the specimen contact with atmospheric oxygen, due
to the extremely high sensitivity of these bacterial taxa to the
latter. Another frequently detected taxon of the Firmicutes
phylum were members of the Erysipelotrichaceae family (class
Erysipelotrichia, order Erysipelotrichales), which were found
in 55% of healthy children at an average concentration of
8.5 + 1.0 log,, CFU/g. Among 6 genera and 9 species of
bacteria of this family, Clostridium innocuum and Clostridium
ramosum dominated. They were detected with frequency equal
to 40% in concentration exceeding 108 CFU/g.

Bacteria belonging to the Negativicutes class were present in
100% of children, the average concentration was 8.9 + 0.7 log,,
CFU/g. The dominant taxa of this group were representatives
of the Veillonellaceae family, which included the bacteria of the
genera Veillonella and Dialister (in 35% and 45% of children
respectively), as well as the family Acidaminococcaceae mainly
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represented by the Phascolarctobacterium faecium species,
isolated in high concentrations from 40% of children.

Among colon bacteria belonging to the phylum Proteobacteria,
representatives of the Betaproteobacteria, Deltaproteobacteria
and Gammaproteobacteria classes were identified (Table 4).
The Betaproteobacteria class included different bacteria
species of the Sutterellaceae family (isolated from 60% of
children, the average concentration 8.8 + 0.4 log,, CFU/g). The
Deltaproteobacteria was mainly represented by the hydrogen
sulfide forming bacteria of the Bilophila wadsworthia species
(isolated from 55% of children, the average concentration
8.0 + 0.8 log,, CFU/g). Finally, the Gammaproteobacteria
class was represented by only one family Enterobacteriaceae.
Escherichia coli were determined in 100% of children at the
average concentration of 7.2 + 0.4 log,, CFU/g. Other relatively
frequently observed members of the family were bacterial
species Enterobacter cloacae (30%), Citrobacter freundii (20%)
and Kilebsiella pneumoniae (20%), their concentrations usually
didn’t exceed 10° CFU/g.

Fungi were found in 45% of healthy children in the
amount of 3.4 + 1.4 log,, CFU/g, all of the isolated strains
belonged to the order Saccharomycetales (Table 5). In the
feces of 35% of the children, fungi of the genus Candida of
the family Debaryomycetaceae were identified. They belong
mainly to the C. albicans species. In addition, in two children
fungi of the Clavispora lusitaniae species belonging to the
Metschnikowiaceae family were present.

The taxonomic properties of 10 strains of bacteria which
were isolated during this study and the species identity of
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Table 2. Species identity of the Firmicutes phylum cultured bacteria of the gastrointestinal tract microflora isolated from healthy children (n = 20)

Phylum Firmicutes

Taxa Observed number (%) Mean + SD log,, CFU/g Growth media
Class Erysipelotrichia, order Erysipelotrichales
Family Erysipelotrichaceae 11 (55) 8.5x1.0
Genus Erysipelatoclostridium 11 (55) 8.4+09
Clostridium ramosum 8 (40) 8.2+0.9 SAA; ABA; CA; PAB
Clostridium innocuum 8 (40) 8.1 +0.43 SAA; ABA; CA; PAB
Clostridium saccharogumia 1(5) 8.7 ABA
Clostridium spiroforme 1(5) 9 SAA
Holdemanella biformis 1(5) 9.4 SAA
Dielma fastidiosa 1(5) 8 SAA; ABA; CA
Coprobacillus cateniformis 1(5) 9 ABA
Absiella dolichum 1(5) 8 CA
Turicibacter sanguinis 1(5) 8 SAA
Class Clostridia, order Clostridiales
Family Clostridiaceae 10 (50) 8.5+ 1.1
Genus Clostridium 4 (20) 8.1+14
Clostridium perfringens 3 (15) 8.5+0.7 SAA; CA; PAB
Clostridium paraputrificum 2 (10) 6.3-94 SAA; ABA; PAB
Clostridium ventriculi 1(5) 10.4 ABA
Clostridium barattii 1(5) 6 PAB
Hungatella hathewayi 7 (35) 7.8+0.8 SAA; PAB
Mordavella sp. 1(5) 9 ABA
Lactonifactor sp. ASD3451 1(5) 8 PAB
Family Lachnospiraceae 17 (85) 9.0+ 1.0
Genus Lachnoclostridium 13 (65) 84+1.0
Clostridium clostridioforme 11 (565) 82+1.0 SAA; ABA; PAB
Clostridium scindens 3 (15) 8.0+ 0.0 SAA; PAB
Clostridium symbiosum 2(10) 6.0-8.0 SAA; PAB
Lachnoclostridium sp. ASD2032 1(5) 9 SAA
Clostridium lavalense 1(5) 6 PAB
Clostridium hylemonae 1(5) 9 SAA
Lachnoclostridium sp. ASD3950 1(5) 9.3 ABA
Anaerostipes sp. 8 (40) 82+1.0 SAA; ABA; CA
Eisenbergiella tayi 2 (10 8.0-9.0 ABA; CA
Genus Blautia 13/65 8.9 +0.9
Blautia torques 7 (35) 8.8 +0.5 SAA; ABA; CA
Blautia coccoides 6 (30) 75+0.8 ABA; PAB
Blautia gnavus 6 (30) 8.7+0.6 SAA; ABA; CA
Blautia luti 5 (25) 8.5+0.7 SAA; ABA
Blautia faecis 5 (25) 8.6 + 0.6 SAA; CA
Blautia obeum 3(15) 8.5+0.5 SAA; ABA
Blautia wexlerae 2(10) 8.0-9.0 ABA; PAB
Blautia sp. ASD2945 1(5) 8 ABA
Blautia caecimuris 1(5) 9.6 ABA; CA
Family Ruminococcaceae 13/65 8.8+0.5
Flavonifractor plautii 7 (35) 8.7+05 SAA; ABA; PAB
Ruthenibacterium lactatiformans 5 (25) 8.5+ 0.5 ABA; CA
Anaerotruncus colihominis 4 (20) 8.3+0.5 ABA; PAB
Flavonifractor sp. ASD20665 1(5) 7.3 PAB
Monoglobus pectinilyticus 1(5) 8.3 SAA
Ruminiclostridium leptum 1(5) 8 ABA
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Lactococcus lactis

Faecalibacterium prausnitzii 1(5) 8.3 ABA
Gemmiger formicilis 1(5) 8 ABA
Agathobaculum sp. ASD2948 1(5) 8 ABA
Ruminococcaceae ASD2818 1(5) 8 SAA
Genus Dorea 4 (20) 8.6 + 0.6
Dorea longicatena 3(15) 8.2+0.3 SAA; ABA; PAB
Dorea formicirans 1(5) 8 PAB
Dorea sp. 1(5) 9.3 ABA
Sellimonas intestinalis 7 (35) 8.8+05 SAA; ABA;
Fusicatenibacter saccharivorans 3 (15) 8.4+0.5 ABA; CA
Coprococcus comes 1(5) 8.8 ABA
Family Eubacteriaceae
Eubacterium limosum 40 78039 ABA; PAB
Family Christensenellaceae
Christensenella minuta 10 ? oA
Family Peptostreptococcaceae
Terrisporobacter sp. 1(5) 8 PAB
Paeniclostridium sordellii 1(5) 9 SAA
Genera with uncertain taxonomic position
Intestinimonas sp. 15 9 ABA
Lawsonibacter asaccharolyticus 1(5) 9 CA
Class Bacilli
Order Lactobacillales

Family Lactobacillaceae
Genus Lactobacillus 13/65 6.3+ 1.6
Lactobacillus casei/paracasei 6 (30) 6.3+1.9 MRS
Lactobacillus gasseri/acidophilus 5 (20) 7.0+1.2 MRS
Lactobacillus rhamnosus 3(15) 45+0.2 MRS
Lactobacillus salivarius/delbruekii 2 (10) 55-6.3 MRS
Lactobacillus fermentum 1(5) 4 MRS
Lactobacillus brevis 1(5) 4 MRS
Family Leuconostocaceae
Leuconostoc lactis 10 63 MRS

Family Enterococcaceae
Genus Enterococcus 16/80 6.1+1.3
Enterococcus faecalis 8 (40) 58+1.0 mEA
Enterococcus faecium 9 (45) 49+0.7 mEA
Enterococcus durans 3(15) 4.3;4.8;9.5 mEA
Enterococcus avium/raffinosus 7 (35) 6.5+ 0.8 mEA
Enterococcus casseliflavus 1(5) 6 mEA
Enterococcus gallinarum 1(5) 4 mEA

Family Streptococcaceae
Genus Streptococcus 19/95 75+1.2
Streptococcus salivarius 17/85 6.9+1.2 mEA. MRS
Streptococcus parasanguinis 9 (45) 6.6 +1.0 mEA. MRS
Streptococcus oralis/pneumoniae/mitis 5 (45) 71+26 mEA. MRS
Streptococcus anginosus 2(10) 5.0-5.7 mEA. MRS
Streptococcus mutans 2(10) 6.1-6.3 mEA. MRS
Streptococcus constellatus 1(5) 6 MRS
Streptococcus infantarius 1(5) 8.4 MRS
Streptococcus disgalactiae 1(5) 8.9 CA
Genus Lactococcus

1) 6.1 MRS
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Family Aerococcaceae
Aerococcus viridans 10 6 SAA
Order Bacillales
Family Staphylococcaceae 18/90 5.0+1.7
Staphylococcus aureus 14/70 3.9+0.8 GMSA
Staphylococcus epidermidis 6 (30) 43+1.4 GMSA
Staphylococcus hominis 3(15) 46+0.8 GMSA
Staphylococcus haemolyticus 3 (15) 25-52 GMSA
Staphylococcus sacharolyticus 2 (10) 9 ABA
Staphylococcus warneri 2(10) 52-8.8 GMSA; CA
Staphylococcus capitis 1(5) 43 GMSA
Staphylococcus gallinarum 1(5) 3.2 GMSA
Family Bacillaceae
Bacilus 5p. 6 (30) 3.4+03 GMSA
Class Negativicutes
Order Veillonellales
Family Veillonellaceae 12(€0) 8809
Veilonella sp. 7 (35) 8.0+0.9 SAA; ABA; CA
Allisonella histaminiformans 1(5) 8 ABA
Genus Dialister 9 (45) 9.0+ 0.5
Dialister invisus 8 (40) 9.1+0.4 SAA; ABA
Dialister succinatiphilus 1(5) 8 CA
Order Selenomonadales, family Selenomonadacea
Megamonas sp. 2 (10) 8.8-9.0 ABA; CA
Order Acidaminococcales, family Acidaminococcaceae
Phascolarctobacterium faecium 8 (40) 9.0+04 SAA; ABA; CA
Phascolarctobacterium succinatutens 1(5) 8 SAA

which could not be established are listed in the Table 6. Most of
them (7 of 10 strains) belonged to the phylum Firmicutes. Four
of them had a phylogenetic relationship with species from the
genera Blautia, Flintibacter and Lachnoclostridium of the family
Lachnospiraceae. Two clones were close to different species
of the family Ruminococcaceae, and another clone was
phylogenetically similar to members of the genus Lactonifractor
of the family Clostridiaceae. In addition, one clone of the new
bacterial taxon was associated with a typical strain belonging
to the family Sutterellaceae, included in the Proteobacteria
phylum, and one clone belonged to the genera Parabacteroides
and Bacteroides (families Porphyromonadaceae and
Bacteroidaceae respectively, phylum Bacteroidetes).

DISCUSSION

This age group of children was chosen for the study because
earlier it was shown that the qualitative and quantitative
parameters of the gut microbiota by the age of three years
become close to the typical adults values [17]. By this age,
the gut microbiota acquires relative compositional stability and
does not change significantly over time [18].

The main problems regarding the culture-based methods
are associated with the selection of growth media, which
provide the growth of fastidious strictly anaerobic bacteria,
and with the further identification of numerous strains of
microorganisms growing on these media. In our study we
used well-known growth media including media for the strictly
anaerobic bacteria. After inoculation of media Petri dishes were
incubated at 37 °C in the anaerobic jars.

[t was previously shown that increase the number of growth
media and the number of samples leads to isolation of a
large number of bacterial species, which indicates significant
individual differences in the composition of the human gut
microbiota [3]. This is confirmed by the results of metagenomic
sequencing, which revealed a very high variability in abundance
(12-2,200 times) for the 57 most common human bacterial
species [19]. In our study, though an average of 34 + 8 species
of microorganisms was isolated from each child, in total,
159 species of bacteria were found in all children, including
new taxa.

The greatest species diversity (more than 90 species of
bacteria) was found in the phylum Firmicutes, with more than
half of them belonging to the class Clostridia of the order
Clostridiales. The dominating by frequency of occurrence and
quantitative content families of this class were Lachnospiraceae
and Ruminococcaceae. The obtained data characterizing
the composition of this part of microbiota in Russian children
correspond with the results of previous studies, in which both
culture-based methods and the analysis of the nucleotide
sequences of the libraries of 16S rDNA genes established the
dominance of these taxa in human gut microbiota [6, 20].

Among the representatives of intestinal endosymbionts,
which belong to the classes Erysipelotrichia and Clostridia
isolated in pure culture from feces of healthy children the
bacteria associated with various infectious diseases were also
present. Therefore, the improvement of the culture methods
and species identification for the bacteria of these taxa has
not only ecological but also clinical significance. For example,
Clostridium innocuum is often associated with bacteriemia in
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Table 3. Species identity of the Bacteroidetes phylum cultured bacteria of the gastrointestinal tract microflora isolated from healthy children (n = 20)

Phylum Bacteroidetes, class Bacteroidia, order Bacteroidales

Taxa Observed number (%) Mean + SD log,, CFU/g Growth media
Family Bacteroidaceae 20 (100) 10.1 + 0.4
Bacteroides dorei/vulgatus 19 (95) 9.5+05 SAA; ABA; CA
Bacteroides ovatus/xylanisolvens 16 (80) 9.2+05 SAA; ABA; CA
Bacteroides uniformis 17 (85) 9.4 +0.5 SAA; ABA; CA
Bacteroides fragilis 9 (45) 9.1+0.6 SAA; ABA; CA
Bacteroides thetaiotaomicron 9 (45) 9.1+05 SAA; ABA; CA
Bacteroides caccae 8 (40) 9.0+0.7 SAA; ABA; CA
Bacteroides eggerthii 6 (30) 9.2+05 SAA; ABA; CA
Bacteroides stercoris 4 (20) 9.0+0.2 SAA; ABA; CA
Bacteroides intestinalis 3(15) 9.2+0.3 SAA; ABA; CA
Bacteroides clarus 2 (10) 9.0-10.3 ABA
Bacteroides massiliensis 2 (10) 9.3-95 SAA; ABA; CA
Bacteroides plebeius 1) 9.6 SAA; ABA; CA
Bacteroides coprocola 1(5) 8 ABA
Bacteroides salyersiae 1(5) 8 CA
Bacteroides sp. ASD2038 1) 9.7 SAA
Family Rikenellaceae 18/90 9.5+ 0.4
Alistipes onderdonkii 11 (55) 9.1+05 SAA; ABA; CA
Alistipes putredinis 10 (50) 95+05 SAA; ABA; CA
Alistipes finigoldii 8 (40) 8.8+0.7 SAA; ABA; CA
Alistipes shachii 5 (25) 9.2+03 SAA; ABA; CA
Alistipes indistinctus 2(10) 8.0-9.0 CA
Alistipes obessii 3(15) 9.1+0.2 ABA
Alistipes inops 3(15) 8.8+0.7 SAA; ABA
Alistipes massiliensis 1) 8.8 ABA; CA
Alistipes ihumii 1(5) 9.4 SAA; ABA
Family Porphyromonadaceae 15 (75) 9.4+05
Genus Parabacteroides 13 (65) 9.2+0.7
Parabacteroides distasonis 9 (45) 9.1+0.8 SAA; ABA; CA
Parabacteroides merdae 7 (35) 8.9+0.7 SAA; ABA; CA
Parabacteroides sp. ASD2049 1) 9 SAA
Barnesiella intestinihominis 8 (40) 9.2+0.3 SAA; ABA; CA
Coprobacter fastidiosus 3(15) 9.1 +0.1 SAA; ABA; CA
Family Odoribacteraceae 8 (40) 9.3+0.3
Odoribacter splanchnicus 5 (25) 9.3+0.3 SAA; ABA; CA
Butyricimonas sp. 4 (20) 93+04 ABA; CA
Family Prevotellaceae 3 (15) 8.8+0.9
Prevotella copri 2 (10) 8.5-9.0 SAA; ABA; CA
Prevotella melaninogenica 1) 8 ABA
Prevotella rara 1(5) 9 ABA; CA
Paraprevotella clara 1) 9.6 ABA; CA

patients with immunodeficiency. It is resistant to antibacterial
drugs used for treatment of anaerobic infections. C. ramosum,
which were also isolated, are considered the second most
common bacteria from the clostridium group after C. perfringens,
causing abscesses, peritonitis, bacteriemia and chronic otitis
media in children, and the third most common type of clostridia
causing bacteriemia in adults [21, 22].

The Bacteroidetes phylum made up the second group
by the number of identified taxa after Firmicutes and was
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represented by 33 species of bacteria belonging, however, to
only one order Bacteroidales.

[t is known that Bacteroidales includes the main part of
anaerobic nonsporeforming gram-negative rod-shaped bacteria
that colonize the human gastrointestinal tract [23]. We found,
that in the group of children under study representatives of
the Bacteroidaceae, Rikenellaceae and Porphyromonadaceae
families dominated and were isolated from 100%, 90% and
75% of children respectively. In our previous study, to assess
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Table 4. Species identity of the Proteobacteria phylum cultured bacteria of the gastrointestinal tract microflora isolated from healthy children (n = 20)

Phylum Proteobacteria
Class Gammaproteobacteria
Taxa Observed number (%) Mean + SD log,, CFU/g Growth media
Order Enterobacteriales, family Enterobacteriaceae
Escherichia coli 20 (100) 72+14 EA; CAa
Enterobacter cloacae 6 (30) 6.0+15 EA; SSA; CAa
Citrobacter freundii 4 (20) 5.8 +0.68 EA; SSA; CAa
Klebsiella pneumonia 4 (20) 6.5+1.7 EA; CAa
Leclercia adecarboxylata 1(5) 6.5 CAa
Proteus mirabilis 1(5) 6 SSA; CAa
Class Betaproteobacteria, order Burkholderiales
Family Sutterellaceae 12 (60) 8.8+04
Parasutterella excrementihominis 4 (20) 8.6+04 ABA; CA
Sutterella wadsworthensis 5 (25) 8.9 +0.1 ABA
Sutterella massiliensis 1(5) 9.5 CA
Sutterella sp. ASD3426 1(5) 8 CA
Duodenibacillus massiliensis 1(5) 9.1 SAA
Family Oxalobacteraceae
Massilia timonae 10 8 CA
Class Deltaproteobacteria
Order Desulfovibrionales, family Desulfovibrionaceae

Bilophila wadsworthia 11 (65) 8.0+0.8 SAA; CA; PAB
Desulfovibrio piger 1(5) 8.1 PAB

the composition of the dominant groups of intestinal bacteria
belonging to the Bacteroidales order in 6 years old children, we
inoculated serial dilutions of feces only on Columbia Blood Agar
with the addition of sheep blood followed by determining the
species of anaerobic gram-negative rod-shaped bacteria using
the restriction analysis of amplified fragments of the 16S rRNA
gene (ARDRA), as well as their sequencing.

In that study, we isolated only 38 strains of bacteria
belonging to 13 species of Bacteroidales from 8 children [12]. In
the present study, we used 3 different growth media to identify
the same group of bacteria, with preliminary identification of
all the grown bacteria using mass spectrometry and additional
16S rDNA gene sequencing for strains with an unclear
taxonomic position. This approach allowed us to distinguish
33 species of bacteria belonging to 9 genera and 5 families
of the order Bacteroidales in addition to bacteria belonging to
other taxonomic groups.

Bacteria of Prevotellaceae family, also belonging to the
order Bacteroidales, were found only in three children (15%).
In spite of the fact that about 30 prevotella’s species are
known to date, as bacteria colonizing mainly the human oral
cavity, until recently only 2 species P. copri and R stercorea
were considered commensals of the gastrointestinal tract.
In our study in addition to P copri the bacteria from species
P melaninogenica, which are rarely isolated from the intestine,
and recently described new species P, rara were isolated from
a child for the first time [24].

As predominant groups of intestinal bacteria, prevotella is
most often determined in people whose diet is based on the
products of plant origin, which is associated with the ability of
these bacteria to degrade plant polysaccharides in the distal
intestinal tract [20]. On the other hand, the prevalence in the

gut microbiota the bacteria of the Bacteroides genus and the
Clostridiales order, as shown in our study, had been previously
associated with a mixed diet characterized by the inclusion
in diet both animal and vegetable products along with easily
digestible carbohydrates [25, 26].

CONCLUSIONS

The approach we used, based on the use of a wide range of
growth media for the isolation of difficult-to-cultivate groups of
intestinal endosymbionts, both under aerobic and anaerobic
conditions, followed by the bacteria species identification
by the MALDI TOF mass spectrometry and the 16S rRNA
gene sequencing, allowed us to analyze the qualitative and
quantitative composition of the dominant cultivated groups of
gut microbiota in children. In general, the results describing
the taxonomic composition of the fecal microbiota of children
obtained by the culture-based method do not contradict
the data obtained by molecular methods based on the
sequencing of bacterial DNA. In addition, we have isolated
in pure culture the numerous strains of difficult-to-cultivate
bacteria and 10 strains of new bacteria with not yet studied
biological properties. The data obtained allow us to expand
our understanding of the spectrum of cultivated taxonomic
groups of colon bacteria and their quantitative content in
children. The strains we isolated, both belonging to known
and new taxa, can be used to study a wide repertoire of their
properties, including their biotherapeutic potential for creating
the new probiotic medications. At the same time, many well-
known taxa of gut microbiota, including representatives of
such dominant genera as Faecalibacterium and Roseburia,
we were unable to isolate, which indicates the need to use
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Table 5. Species identity of the Saccharomycetales order fungi isolated from healthy children (n = 20)

Fungi taxa Observed number (%) Mean + SD log,, CFU/g Growth media
Order Saccharomycetales 9 (45) 3414
Family Debaryomycetaceae 7 (35) 3.5+14
Candida albicans 5 (25) 3.7+14 SC2A
Candida parapsilosis 1) 2.5 SC2A
Candida sp. 1) 2.5 SC2A
Family Metschnikowiaceae
Clavispora lusitaniae 219 20-50 SC2A

Table 6. New gastrointestinal tract bacteria phylotypes isolated from healthy children and the values of the nucleotide sequences of their 16S rDNA levels of homology
with the same sequences of typical strains of the most closely related validated species in accordance with the International Code of Nomenclature of Bacteria
(Bacteriological Code)

Ne Strain Phylurm/famil Ne of sequencing in the Related strains with high level of sequence similarity Homology
a number Y Y GenBank database (megablast algorithm) in the GenBank database (%)
1 ASD 3426 | Froteobacteria MK615133.1 Sutterella wadsworthensis WAL9799 97.93
Sutterellaceae

2 ASD2049 | Bacteroidetes MG321612.1 Parabacteroides merdae JCM9497 96.63
Porphyromonadaceae

3 ASD203g | Bacteroidetes MK615124.1 Bacteroides ovatus ATCC 8483 98.19
Bacteroidaceae

4 ASD2032 | Firmicutes MK615123.1 [Clostridium] amygdalinum BR-10 95.72
Lachnospiraceae

5 ASD294s | Firmicutes MK615128.1 Blautia faecis KB1 96.03
Lachnospiraceae

6 ASD3gsg | Firmicutes MK615131.1 [Clostridium] glycyrrhizinilyticum ZM35 95.73
Lachnospiraceae

7 AsD3451 | Firmicutes MK615130.1 Lactonifactor longoviformis ED-Mt61/PYG-s6 94.61
Clostridiaceae

8 | Aspooses | Firmicutes MK615126.1 Flintibacter butyricus BLS21 97.33
Ruminococcaceae

9 AsDogig | Firmicutes MHO043116.1 Caproiciproducens galactitolivorans BS-1 93.76
Ruminococcaceae

10 | Asp2osag | Firmicutes MK615129.1 Agathobaculum desmolans ATCCA3058 97.01
Ruminococcaceae

more advanced anaerobic technologies in such studies,
in particular, anaerobic glove box at the stages of sample
preparation, inoculation and grown culture counting. The
complexity and labor input of the culture-based method do
not allow recommend it for the routine use in clinical practice,
even assuming that in the future all stages of the study would
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THE FEASIBILITY OF USING COMPUTER-BASED MODELS FOR REDUCING THE RISKS
OF COMPLICATIONS ASSOCIATED WITH TEMPORARY DENTURES
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Contemporary prosthetic dentistry has a vast arsenal of solutions for completely edentulous patients. However, it is crucial to consider a variety of factors that can
cause complications in patients wearing temporary dentures in the osseointegration period. The aim of this study was to retrospectively analyze the medical records
of completely edentulous patients wearing temporary removable or fixed dentures in the osseointegration period, to identify the risk factors for complications and
to calculate the odds of adverse events. We performed a multivariate analysis and developed a computerized algorithm that could be used to facilitate selection
of the proper denture type and material. The algorithm demonstrates high sensitivity and specificity: 94.37 (76.2 : 98.7) and 92.56 (79.8 : 97.6), respectively; the
AUC value is 0.921 (0.843 : 0.963). We are planning to develop a software based on the proposed algorithm that would help the dentist to make a more objective
decision when selecting the type of temporary denture and its material.
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BO3MO>XHOCTU NCMNONIb3OBAHUA KOMMbKOTEPHbLIX MOAENEN AN CHUXKEHUA PUCKOB
NP1 BPEMEHHOM MNPOTE3NPOBAHUNA

H. B. BarpsHuesa'2 = C. /. laxsa’, A. A. Bapaxos?, 1. b. LLIy6u?, B. A. BarpsHues?, O. B. BarpsHLesa?

" TTPUBOMKCKIMIA MCCNEaoBaTENbCKMA MeOMLMHCKNI yHBepcuTeT, HokHia Hosropopa, Poccust
2 SlpocnaBcKuli roCyAapPCTBEHHbIN MEAVUMHCKIUIA YHUBEPCUTET, Apocnasnb, Poccust

CoBpeMeHHas opToneanyeckast cToMaTonorus obnafaet 6oMbLUMM apCeHanoM peLLeHWiA AN OKa3aHys MOMOLLW NauyeHTaM C NOSHOW BTOPUYHOW afeHTUeN,
4TO, OOHAKO, MOXET BbI3blBaTb psif, Npobnem. [MNpun BbIGOpe Braa BPeMEHHOro NpoTesa Ha MOMEHT OCTeOMHTErpaLmn AeHTabHbIX UMMaHTaTOB HEOBXOANMMO
yHUTbIBaTb OOMBLLOE KONMYECTBO (haKTOPOB, BO3HUKAIOLLMX MPU Pa3INHYHbIX KIMHUYECKX cUTyaumsx. Liensto paboTsl b0 B X04e PETPOCNEKTUBHOIO aHamaa
MEONLWIHCKON [OKYMEHTALWN NaLWEHTOB C MOSIHOW BTOPUYHON afeHTUEn 1 YyCTaHOBMNEHHBIMI BPEMEHHBIMW NMPoTe3amMyt (MOKPBIBHBIMY ChEMHBIMU 1 YCIOBHO-
CbEMHbIMM) Ha MOMEHT OCTEOUHTErpaLv AeHTaNbHbIX UMMIaHTATOB OLEHNTb (hakTopbl pUCKa 1 OTHOLLEHWE LLAHCOB UX pean3aumin B pas3BUTUN OCNOXKHEHNIA
Ha aToT nepuofd. OcyLLEeCTBNEHO MHOFOMEPHOE MaTEMATNKO-CTaTUCTUHECKOE MOAENMPOBaHME C MOCTPOEHNEM KOMMBIOTEPHOIO anroputTMa NPUHATUS PELLEHNI
B BbIOOpE TUMa npoTesa 1 mMartepuana afist ero 3rotoBnenuns. ANropuUTM (Mofens) obnafaeT BbICOKUMU 3HAYEHVSIMU HyBCTBUTENBHOCTU 1 CNELMAPUHHOCT —
94,37 (76,2 : 98,7) 1 92,56 (79,8 : 97,6), Npun nnoLlaam nop, XxapakTepucTNHeCKOon KprBol, pasHoi 0,921 (0,843 : 0,963). Ilcnonbayst asToMaT3aumio No3TanHoro
anroputMa, NNaHMpyeTca Co3AaTb KOMMBbIOTEPHYIO MPorpaMmy st NOBbILLEHNS CTeneH 0O BEKTUBHOCTI MpW BbIBope cnocoba BPeMeHHOro npoTe3npoBaHmst
1 MaTepuana npotesa.

KniouyeBble cnoBa: OeHTa/lbHaa nMniaHTauna, OCTeonHTerpauyd, BpeMeHHoe npoTe3npoBaHie, PUCKK, WaHCbl, KOMMbOTEPHaA MoaeNb
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To date, dental implant surgery has become a routine practice that
boasts good long-term outcomes [1, 2]. Its results can be predicted
even before treatment commences. Once an implant is placed in
the jawbone, the patient can be offered temporary dentures, either
removable or fixed, available in a variety of materials [3].
However, approaches to temporary tooth restoration during
osseointegration in completely edentulous patients are controversial
[4]. The analysis of the literature reveals the need for an adequate
algorithm that would facilitate the right choice of a provisional
denture and stresses the importance of a mathematically accurate

approach to the rehabilitation of edentulous patients [2] that will
minimize the risks of poor outcomes or complications and improve
the quality of life for such parents.

METHODS
We conducted a retrospective analysis of medical records
obtained from Yaroslavl regional dental clinic (Yaroslavl, Russia).

Specifically, we studied the dental histories of patients (form
043/u) and reports of oral surgeons (form 039-4/u) dating back
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to 2015 to 2019. The following inclusion criteria were applied:
any sex or age and acquired absence of teeth. Patients with
decompensated conditions, buccal exostosis, cancer, or blood
clotting disorders were excluded from the study. Information
about the causes of teeth loss, patients’ complaints, treatment
planning, and the type of temporary dental prostheses was
retrieved from the records. Implant materials were analyzed
separately. The obtained data were saved into cross-tables, and
the necessary codes were submitted. In total, we analyzed the
medical records of 102 patients and reports of 1 oral surgeon. Of
those patients, 34 were completely edentulous and 68 retained
either loose teeth or healthy roots, which were removed in the
course of treatment. All 102 patients received dental implants
and temporary dentures. Considering the objective of this work,
the patients were distributed into two groups. Group 1 included
patients with successful osseointegration (n = 73); group 2
comprised patients who developed complications (n = 29). All
patients underwent panoramic radiography aimed to evaluate
the bone around the implant and the quality of osseointegration.
The examination was performed three times using a Strato
2000d OPG machine (Villa Sistemi Medicali; Italy). Besides,
intraoral periapical radiographs were taken using an EzSensor
radiovisiography imaging system (Vatech; South Korea). An
MRI scan was also ordered for some patients (a Brilliance 64
MRI scanner; Philips; Netherlands).

Jawbone atrophy and quality were assessed using the
classification developed by Lekholm and Zarb [5] based on jaw
density and structure. The condition of oral mucosa was assessed
using the conventional classification proposed by Supple (Table 1).
Comorbidities and health compromising behaviors were also noted.

Statistical analysis was performed in Statistica ver. 12,
2014 (StatSoft Inc.; USA) and MedCalc Statistical Software
ver. 18.2.1, 2018 (MedCalc Software bvba; Ostend, Belgium).
We identified risk factors, calculated their odds and the 95%
Cl. Variables characterized by a high probability of occurrence

Table 1. Supple’s classification of oral mucosa

served as a basis for our multivariate statistical models that
were built using logistic regression. ROC-curve analysis was
applied to assess the quality of the models.

RESULTS

The initial analysis revealed that in the osseointegration period,
the patients developed a variety of complications associated
with temporary dentures. The total number of complications
was 29, occurring in 28% of the studied patients. The most
common (34%) problem was difficulty adapting to overdentures.
Oral mucositis (20%) and denture fractures or breakages (20%)
ranked second. Peri-implantitis and allergy to denture materials
(plastic monomers) were the third most common problem,
accounting for 10% of complications each. Bad breath and
implant instability occurred in 3% of the complicated cases.
Comparison of Groups 1 and 2 allowed us to draw a
mathematically accurate profile of statistically significant
risk factors. When analyzing the risk of a particular event (a
complication) in the patients with acquired edentulism who were
wearing provisional dentures in the osseointegration period, we
calculated its odds. The risk was understood as an exposure
that increased the likelihood of a particular complication. Relative
risks were calculated as a ratio of frequency of the complication
in the group at risk for this event to the frequency of this event
in the control group. Six statistically significant risk factors were
identified, including the severity of jawbone atrophy (grades C, D,
or E, according to Lekholm and Zarb’s classification), the density
of cortical and cancellous bones (same classification, types Il
and IV), the condition of oral mucosa (types 3 and 4, Supple’s
classification), allergy to monomer components of the denture,
poor mouth hygiene and health compromising behaviors (Table 2).
In order to characterize the relationship between the
complication and the corresponding risk factor, we calculated
the odds ratio (the ratio of the odds of the event occurring to the

Grade 1 | Ideal mouth | Well-defined alveolar bones covered with a slightly supple pale pink mucous membrane, showing no signs of pathology
Grade 2 | Hard mouth | Atrophied thickened dry mucosa, attaches to the alveolar ridge closer than in Grade 1
Grade 3 | Soft mouth A hypertrophic lax mucous membrane, low alveolar bones
Grade 4 | Flabby ridge | Excessive flabby tissue, easily displaced by applying slight pressure, can get pinched between the denture and the alveolar ridge
Table 2. Relative risks for complications associated with temporary dentures
Risk factor Relative risk "-"95% CI "+" 95% CI
Severity of bone atrophy, grades C, D, or E 1.7997 0.5518 2.1929
Bone quality, classes Il and IV 0.9858 0.4542 2.2258
Oral mucosa condition, types 3 and 4 1.3947 0.5566 2.2588
Allergy + 0.8716 0.3044 2.2069
Poor mouth hygiene + 0.7891 0.2391 1.9864
Smoking + 0.5333 0.2593 2.6781
Table 3. Odds ratios for complications associated with temporary dentures
Risk factor Odds ratio "-"95% Cl "+" 95% Cl
Bone atrophy, grade C 1.8879 0.1518 2.2854
Bone atrophy, grade D 1.5858 0.1542 2.2546
Bone atrophy, grade E 1.2845 0.1566 2.2588
Oral mucosa condition, type 3 1.2143 0.2044 2.2608
Oral mucosa condition, type 4 1.1947 0.2721 1.9864
Allergy + 0.8333 0.2593 2.6781
Poor mouth hygiene + 0.6891 0.2694 1.8871
Smoking + 0.4222 0.2443 2.5398
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odds of the event not occurring). We found that 6 identified risk
factors had a high probability of occurrence. However, because
some factors, including jaw bone atrophy and the condition of
oral mucosa, could be further graded into different degrees of
severity and types, the likelihood of their occurrence varied.
For example, bone atrophy was represented by 3 probabilistic
states corresponding to grades C, D, or E of the applied
classification; the condition of oral mucosa was represented by

types 3 and 4 of the same classification [2, 6, 7] (Table 3).

Considering the obtained results, we decided to improve
the accuracy of risk prediction by employing a multivariate
analysis. Using logistic regression, we were able to identify the
relationships between independent and response variables.
We also assessed the mutual influence of the variables and
the contribution of each variable to the classification. Results of
statistical modeling are presented in Table 4.

The constructed model was characterized by a high level
of significance. The values of both regression coefficients

Table 4. Characteristics of the regression model for the choice of a temporary dental prosthesis (TDPC)

Parameter TDPC
Level of significance p =0.001
Coefficient of determination, Cox & Snell’s R? 0.834
Coefficient of determination, Nagelkerke’s R? 0.758
Hosmer & Lemeshow test, significance p=0.594
Concordance correlation coefficient 0.8946
Table 5. Standardized regression coefficients included in the model for the choice of TDPC

Variable Coefficient Standard error Wald test
Severity of bone atrophy -2.13953 0.40234 0.1203
Bone quality 3.58284 0.47428 11.1382
Condition of oral mucosa -1.85714 0.83806 11.6227
Allergy 3.46292 0.44173 10.968
Poor mouth hygiene 1.55758 0.41697 13.954
Smoking 0.056017 0.070499 0.6314
Constant -8.64908 85.2702 0.01029

Table 6. Operational characteristics of the model for the choice of TDPC

Parameter TDPC
Area under curve (AUC) 0.921
Mean squared error® 0.0524
-95% CI (AUC) 0.873
+95% CI (AUC) 0.963
z-score 9.645
Significance, p (area = 0.5) 0.001
Youden J 0.8284
Optimal cut-off value <1.43
Sensitivity 94.37
-95% ClI (Se) 76.2
+95% ClI (Se) 98.7
Specificity 92.56
-95% CI (Sp) 79.8
+95% ClI (Sp) 97.6
+Likelihood ratio (+LR) 7.31
-95% CI (+LR) 2.5
+95% CI (+LR) 21.4
—Likelihood ratio (-LR) 0.18
-95% CI (-LR) 0.08
+95% CI (-LR) 0.4
+Prognostic value (+PV) 89.9
-95% CI (+PV) 75.3
+95% Cl (+PV) 96.3
—Prognostic value (-PV) 82.2
-95% CI (-PV) 67.2
+95% CI (-PV) 91.3
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of determination (R? were quite high, suggesting a relatively
high stability of our prediction model. The obtained value of
the concordance correlation coefficient spoke in favor of this
conclusion. Using the Hosmer-Lemeshow test, we assessed
the goodness of fit by comparing the observed and expected
frequencies. In our case, the fit was good, with over 5% statistical
significance Standardazied regression coefficients included in the
model and presented in Table 5 reflected all stages of the algorithm.

The following logistic regression equation was proposed
based on the results of multivariate modeling:

F=c+kx, +kx,+...+kx,

where F is a dependent variable; ¢ is a constant; k; is a coefficient
of the regression function; x, is a predictor (a variable).

OPUMMHAJIbBHOE NCCJIEQOBAHUE | CTOMATOJIOIMNA

Logistic regression and the use of the abovementioned
equation for determining individual F values included ROC-
curve analysis. The following parameters were calculated: an
area under curve (AUC), the Youden index, an optimal cut-off
value, sensitivity and specificity, positive and negative likelihood
ratios (LR), positive and negative predictive values (PV), and
95% Cl for each parameter (Table 6).

DISCUSSION

Unsurprisingly, the density of cortical and cancellous bone
(classes lll and IV according to Lekholm and Zarb’s classification)
was the leading risk factor for complications associated with
temporary dental prostheses, because the success of denture
placement is largely determined by bone density. The second

Severity of bone atrophy (grades C, D, E)
Jawbone quality IIl, IV

Condition of oral mucosa, types 3 and 4
Allergy +

Bad mouth hygiene +

Smoking +

1 10
Center

Fig. 1. A forest plot showing risk factors for the complications associated with temporary dental prostheses

Severity of bone atrophy (grade C) ——
Severity of bone atrophy (grade D) .
Severity of bone atrophy (grade E) —E—.—
Condition of oral mucosa, type 3 -
Condition of oral mucosa, type 4 .
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Bad mouth hygiene + —I—I—
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Fig. 2. A forest plot showing the odds ratios of the risk factors for the complications associated with temporary dental prostheses
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Fig. 3. AROC curve for the prediction model facilitating the choice of TDPC
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most significant risk factor was allergy to the plastic monomer
components of the denture. The severity of bone atrophy
(Lekholm and Zarb’s classification) and the condition of oral
mucosa (types 3 and 4) ranked third and fourth in importance,
respectively. Poor mouth hygiene and health-compromising
habits (smoking) also contributed to the development of
complications [2, 4]. Fig. 1 shows a forest plot for the listed
risk factors.

The odds of the observed complications associated
with temporary dentures worn by edentulous patients in the
osseointegration period can be presented in the following
descending order: type 4 condition of oral mucosa (Supple’s
classification), allergy to denture material, type 3 condition
of oral mucosa, bone atrophy (grades E and D), bad mouth
hygiene, bone atrophy (grade C), and smoking. Fig. 2 shows a
forest plot for the odds ratios.

Considering the values of operational characteristic of the
model, we think the proposed computerized algorithm is a
feasible tool that assists selection of a proper temporary dental
prosthesis. Sensitivity and specificity (95% ClI) of the proposed
algorithm are high; the same is true for the absolute values.
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SYNCHROTRON IR-MICROSPECTROSCOPY-BASED VISUALIZATION OF MOLECULAR AND CHEMICAL
INTERACTIONS BETWEEN DENTAL CEMENT, BIOMIMETIC COMPOSITE AND NATIVE DENTAL TISSUE
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The low affinity of composite materials for the hard tissue of human teeth poses a challenge to restorative dentists. This study was undertaken to explore
molecular and chemical characteristics of the interface between the dental cement, the buffer layer formed from a next generation biomimetic material that
mimics the organic mineral composition of human enamel and dentin, and the intact native hard dental tissue. Seven plane-parallel dental slices were analyzed
using synchrotron IR microspectroscopy. The obtained absorption spectra of functional molecular groups were organized into cluster maps. This allowed us
to identify the intact tissue, the adhesive agent and the biomimetic layer at their interface and to localize and measure concentrations of functional groups
involved in the integration of the biomimetic composite into the hard tissue of the human tooth. The proposed biomimetic material is based on nanocrystal
carbonate-substituted calcium hydroxyapatite synthesized from a biogenic calcium source and a complex of basic polar amino acids copying the composition
of the human tooth and can form a functional bond with hard dental tissue.
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BUIYANTU3ALMA MONEKYNSAPHO-XUMUYECKOIO B3BAUMOLENCTBUA MATEPUATA,
BMOKOMIMO3UTA N TKAHUN 3YBEA HA OCHOBE CUHXPOTPOHHON MK-MUKPOCIMEKTPOCKOMNUMN

0. 1. Tonowanos!, B. M. Kawkapos', tO. A. Minnonutos?, U. tO. Vinnonutos?, Jitraporn Vongsvivut?, M. B. CepeanH' &
" BOPOHEXCKNIA rOCYAapCTBEHHbI YHMBEPCUTET, BopoHex, Poccust

2 BOPOHEXCKMIA rocyAapCTBEHHbIN MeaVLIMHCKWIA yHBEpCUTET UMeHn H. H. BypaeHko, Poccust

3 ABCTpaIMACKNIA CUHXPOTPOH, MenbbypH, ABCTpanus

B pecTaBpaLOHHOM CTOMATONOrM OCTaeTCs akTyanbHOM npobnema HU3KOro CPOACTBA KOMMO3ULMOHHBIX MaTepuanoB C HaTMBHOW TBEPAOW TKaHbio 3yba.
Llenbto paboTbl 6bI10 MCCneaoBaTb MONEKYNSPHO-XUMMYECKE OCOBEHHOCTV (hOPMUPOBaHKS MHTEPMENCa CTOMATONOMMHECKMA MaTepuan — BUOMUMETNHECKIIA
ByhepHbIn cnot — TBepaas TkaHb 3yba venoseka. C NpuUMeHeHneM METOAA MOSIEKYIAPHON MHOroMepHoO VIK-Br3yanugaLmmn Ha 7 nnockonapasiiensHbIX CermMeHTax
06pa3uoB OblN BbIMNOMHEH aHaM3 yqacTka nHTepderica 3opoBas TBepaas TkaHb (AMasb/AEHTUH) — OUMOMUMETUHECKIMIA NEPEXOOHOM CNOM — CTOMATONOMMYECKUN
marepuan/afreavBHbIi, CO3AaHHbIN C UCMONb30BAHNEM HOBOIO MOKONEHUS BUOMUMETUHECKUX MaTepuasioB, BOCMPOV3BOASLLMX MUHEPanopraHN4ecKuii
KOMMJIEKC SMan 1 AeHTUHa 3yO0B YenoBeka, C HaTVBHbIMU TBEPAbIMM TKaHAMK 3yba YenoBeka 1 CTOMATONOMMYECKUM LieMEeHTOM. [aHHble CrekTpanbHom
MOSEKYNAPHOM BU3yanu3aLn, Nnony4eHHbIe Ha OCHOBE CUHXPOTPOHHOTO VIK-KapTpoBaHst IHTEHCUBHOCTY (DYHKLIMOHATbHBIX MOMEKYISPHBIX MRy, MO3BOAMN
Ham OBHapPYXWTb 1 BU3yanM3npoBaTb Pasinyvs Mexay 3[0POBOM TKaHbIO, CTOMATONOMMHECKUM MaTepuanom 1 BUOMUMETUHECKIM NMepexodHbiM ClIoemM B
MexasHbIX 061acTax (MHTepdencax), a Takke ONPeaenTb NOKaM3aUMio 1 KOHLEHTPALMIO YHKLMOHaIbHBIX rpyMm, OTBEYatOLLMX NPOLECCam UHTerpaumm
OMOMVMETNHECKOrO KOMMO3UTa 1 HATVBHOW TBEPAOW TKaHW 3yOOB YenoBeka. okadaHo, 4To padpaboTaHHas Hamy BUOMUMETUHECKasd CrUCTeMa Ha OCHOBE
HaHOKPUCTaNNYECKOro KapboHaT-3ameLLEHHOrO rugpoKeuanaTuta KanbLmys, MnofyYeHHOro 13 GUOreHHOro WICTOYHVKA KanbLyist U KOMMIEKCa OCHOBHbIX
MOSISIPHbIX @aMUHOKWCIOT, COOTBETCTBYIOLLIX OpraHOMUHEPaNbHOMY KOMMIEKCY 3yO0B HYenoBeka, CnocobHa 06pa3oBbiBaTh (HYHKLMOHABbHYIO CBA3b C TBEpAOV
TKaHbto 3yba Yenoseka.

KnioueBble cnosa: 61IOMVYMETVHECKIME MaTepuasibl, HaTUBHAsA TBepaas TkaHb 3yba Yenoseka, VIK-MMKPOCNEKTPOCKONMS, CUHXPOTPOHHOE U3MyHeHe
®PuHaHCcMpoBaHue: 1CccneaoBaHvie BbINOAHEHO Npy nogaep»kke rpaHta Poccunckoro HaydHoro ®oHga Ne 16-15-00003.
BnarogapHocTu: 4acTb 3TOro MccnefoBaHs Gbina NpoBeAeHa C MCnofb3oBaHneM kaHana ViHbpakpacHo Mukpockonuv (IRM) Ha ABCTRaIMIACKOM CUHXPOTPOHE.
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Although modern composite materials and bonding resins used
in restorative dentistry are durable and have a good adhesive
capacity, their chemical and structural resemblance to native
hard dental tissue is low [1, 2]. The difference in physical and
chemical characteristics between synthetic materials and
the natural enamel and dentin of human teeth necessitates
development of novel restorative composites [2, 3]. Extensive
research effort is being channeled into improving the tooth-
material interface by employing innovative bonding systems
and hybrid buffer layers that increase the durability of dental
restorations and enhance the bonding strength between the
filing material and hard dental tissue [3-5]. One of the most
important questions that should be addressed by researchers
is reliable chemical bonding between dental composite fillers/
bonding agents and the natural tissue of human teeth [6].

So far, biomimetic materials, whose composition and
(nano)structure mimic those of hard dental tissue, have offered
the best solution to the problem of interface quality between
natural enamel/dentin and synthetic adhesives [7-9]. It is
a well-known fact that nanocrystalline hydroxyapatite (HA),
which is identical in composition and morphology to enamel
apatite found in human teeth, facilitates better integration of
restorative materials with the tooth [5, 10]. Besides, enrichment
of biomimetic agents with polar amino acids occurring in the
natural enamel matrix [11-14] creates a possibility for high-
quality repair of damaged enamel or dentin layers and improves
mechanical properties of the restoration [12, 15].

There are a few methods used to assess integration of
the bonding resin with natural dental tissue and the quality
of resin-enamel or resin-dentin interfaces. Fourier-transform
infrared spectroscopy (FTIR) is a non-destructive technique
that provides information about the molecular structure and
fine structural properties of biological objects based on the
analysis of their fingerprint vibrational IR spectra [16]. FTIR can
be applied to study mechanisms of molecular transformations
in biomimetic materials [17, 18] and dental adhesive agents
[19], analyze the molecular composition of human teeth [6], and
register new mineral phases [20]. Microscopes and sources of
synchrotron radiation for IR spectroscopy are instrumental in
acquiring large arrays of spectra from a microscopic area of
a studied biological sample [17]. Based on the acquired IR
spectra, chemical images of the sample can be generated,
offering a wealth of information about molecular bonds and
their spatial distribution.

The aim of this work was to study molecular and chemical
properties of an interface between a dental cement, a biomimetic
buffer layer and hard dental tissue based on multidimensional
visualization of synchrotron IR spectroscopy data.

METHODS
Synthesis of biomimetic material and sample preparation

The biomimetic composite material was fabricated similar to the
bonding system described in [21]. The composite contained
hyaluronic acid (0.01-0.05 wt. %), L-histidine (0.01-0.2 wt. %),
L-lysine hydrochloride (0.05-0.4 wt. %), L-arginine hydrochloride
(0.2-1.6 wt. %), ethylene glycol monomethy! ether (30-85 wt. %),
diglycidyl dimethacrylate (1-15 wt. %), urethane dimethacrylate
(1-15 wt. %), ethanol (2-20 wt. %), and water (the rest). The
analysis of optical absorption and emission properties found that
the synthesized material, which contained the listed amino acids,
was similar in its properties to natural tooth enamel and dentin
[22]. Synthetic carbonate-substituted hydroxyapatite (CSHA)
was added to the biomimetic buffer (0.01 g of CSHA per 1 ml

of the mixture) to improve the similarity of the biocomposite to
natural dental tissue [20].

To ensure adhesion of the biomimetic composite to the
tooth, we used a universal adhesive agent that effectively bound
to the synthesized materials [23]. The adhesive agent was
enriched with CSHA (1 ml of the adhesive per 0.01 g CSCA).
Hydroxyapatite was combined with the biomimetic buffer
and the adhesive agent, and the mixture was subsequently
homogenized for 30 seconds using a QSonica Q55 sonicator
(QSonica; USA).

Integration of the synthesized biocomposite material with
hard dental tissue was tested on the dental specimens obtained
from the patients aged 18 to 45 years who had indications for
tooth extraction. The specimens were prepared for filing as
described below.

First, enamel was removed using an air-driven micromotor
hand piece with a round-head tungsten vanadium steel bur
operated at 4,000 rpm and a water-cooling system necessary
to avoid overheating of the dental matrix. Dentin was spared.
Cavity preparation was finished using a low-speed hand piece.
The cavity was washed and dried with compressed air

Second, enamel was etched for 60 s with a 37% phosphoric
acid etching gel, rinsed with water and air-dried. Then, a dentin
conditioner [21] was applied to the dentin surface for 20-30 s.
The conditioner contained hyaluronic acid (0.01-0.05 wt. %),
L-histidine (0.01-0.2 wt. %), L-lysine hydrochloride (0.05-0.4 wt. %),
and L-arginine hydrochloride (0.2-1.6 wt. %). After that, the
cavity was dried.

Third, the biomimetic buffer was evenly applied to the
walls of the prepared cavity and dried with compressed air
20 seconds later. The biomimetic layer was coated with a
universal CSHA-containing light-curing adhesive agent that
was photopolymerized for 20 seconds.

Finally, 1 min after the previous step, the biomimetic
buffer layer was coated with a commercial restorative dental
compomer containing adhesive components.

Considering the requirements for the geometry of samples
subject to IR microspectroscopy, we prepared 7 plane-parallel
sections of the restored teeth immediately before the study as
described in our previous work [24].

Method of sample analysis

The molecular composition of the samples and the interface
between the restorative dental compomer, the biomimetic
buffer layer and the native hard tissue of the human tooth
was analyzed using attenuated total reflection (ATR)
Fourier transform synchrotron infrared microspectroscopy.
Measurements were conducted at the Australian Synchrotron
Infrared Microspectroscopy Beamline (Melbourne, Australia)
equipped with a Hyperion 3000 FTIR microscope (Bruker;
USA) and an ATR-FTIR accessory with a germanium prism
(Melbourne, Australia) [17]. Figures 1A and B are show the
studied segment (marked with the rectangle) that yielded IR
absorption spectra at 3800-700 cm-1 wavelength (Fig. 1C).

Using the IR microscope and OPUS 7.5 software
(Bruker; USA), we acquired a cluster of IR spectra from a
small sample area of 100x100 pm in size (Fig. 1B) with a 2 ym
sampling interval and constructed one-dimensional IR
images (maps) based on the color codes for the intensity
of IR absorption bands (Fig. 1D). The lowest absorbance
intensity is shown in red, whereas the highest, in blue. The
map demonstrates the distribution of absorbance intensity
of a molecular group and, therefore, reveals its concentration in
a specified sample area.
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RESULTS

By applying IR spectroscopy to the interface between the light-
curing adhesive agent, the biomimetic composite material and
natural dental enamel/dentin (Fig. 1B), we were able to identify
the major vibrational modes active in the IR spectrum (Fig. 1C)
that can be used as spectral fingerprints for the compounds
present in the studied sample area.

The absorption band at 1163-981 cm™ had the highest
intensity and represented the PO, mineral component
of enamel/dentin apatite [22]. The range between 1700
and 1100 cm™ wavelength represented the protein
constituents of organic enamel/dentin and the components
of the biomimetic buffer (see Synthesis of biomimetic
material and sample preparation). Here, the most active
vibrational modes were observed for the CH,-CH,
collagen group at 1457 cm™ and for Amide absorption
bands (Amide | at 1650 cm™, C=0 stretching; Amide I
at 1550 cm™', N-H bending, and Amide lll at 1245 cm™,
CN stretching) [18, 19, 22]. We also recorded vibrations
at 1725 cm™ wavelength produced by the methyl ester
group (-COOCH,), the component of the restorative Bis-
GMA dental compomer [19].

Fig. 2A features the IR map of PO, distribution across the
studied interface segment (Fig. 1B). The IR spectrum specific
for this group (Fig. 2B) was acquired from the area of enamel-
biomimetic layer integration. The spectrum contained vibrations
of the PO, group at 1163-981 cm™ wavelength occurring in
natural enamel /dentin apatite [19, 20] and the biomimetic
agent. We concluded that the part of the interface occupied by
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the restorative compomer did not contain phosphate groups.
The zone bordering on tooth enamel where spectral vibrations
were observed at 1163-981 cm~' was ~30 pm in size (Fig. 3A,
the dotted line).

For further information about the studied interface, an
IR image was generated (Fig. 3A). This IR map shows the
distribution of absorbance intensity for CN, NH, C=0, and CH,/
CH, in the range between 1718 and 1358 cm™" wavelength
(Fig. 3B). The listed molecular groups are components of
collagen, Amide | and Amide Il (the organic constituents of
tooth enamel/dentin added to the biomimetic buffer).

The results of the IR map analysis (Fig. 3A) suggest that the
distribution of organic components in the biomimetic layer was
more homogenous than the distribution of phosphate groups.
These findings are consistent with the fact that the proportion
of hydroxyapatite in the biomimetic layer was lower than the
proportion of organic components.

The IR spectrum presented in Fig. 1C contains an absorption
band at 1725 cm™. It is well known that such vibration is
typical for dental cements based on Bis-GMA and polymethyl
methacrylate and suggests the presence of the ester group
(-COOCH,) [19]. Moreover, this spectral band (Fig. 4B) does
not overlap with other vibrations, which allowed us to visually
represent it as an IR image (Fig. 4A).

The IR map demonstrates spatial distribution of the
restorative dental compomer in the analyzed sample segment
(Fig. 4A). The figure shows that the distribution of absorbance
intensity of the ester group (-COOCH,) coincides with the
spatial distribution of the dental compomer on the map
(Fig. 1B).
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Fig. 1. The optical image of a plane-parallel dental segment from the interface between the dental cement, the biomimetic composite material, enamel and dentin (A)
sized 100x200 pm; the 20x optical image of the studied interface (B); the typical IR absorption spectrum from the studied interface (C); the IR map of total absorbance

compiled from the IR microspectroscopy data array (D)
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The analysis of the acquired spectra (Fig. 1B) allowed
us to identify an intensive absorption band for Amide Il at
1269-1224 cm™ and construct a separate IR map for the
biomimetic layer (Fig. 5A). Of note, its vibration (Fig. 5B) did
not overlap with the absorption spectra of other functional
groups, meaning that it can be used as a marker of a
biomimetic composite.

Comparison of the optical data (Fig. 1B) and the IR map
(Fig. 5A) clearly shows that the molecular group at 1269-1224 cmr™
can be localized to only a narrow segment of the interface
between the light-curing material, the biomimetic layer and the
enamel/dentin of the human tooth.

DISCUSSION

IR spectroscopy of dental materials [19], biomimetic composites
[20], and natural tissue of human teeth [6] characterizes the
molecular composition of the studied samples as a single
whole. In contrast to the research studies cited in this article,
one-dimensional images (IR maps) based on the color codes
of absorbance intensity of 4 main spectral ranges (1752-
1704 cm™, 1718-1358 cm™, 1269-1224 cm™', and 1163-
981 cm™") became a good visual representation of the spatial
distribution of molecular groups across the studied sample and
of molecular-chemical interactions occurring at the interface
between the light-curing material, the biomimetic layer and the
enamel/dentin of the human tooth.

The IR map of the phosphate group (Fig. 2A) revealed
the presence of an area with absorbance intensity varying
from 1.0 to 7.0. This was part of the biomimetic buffer layer
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that contained synthetic carbonate-substituted calcium
hydroxyapatite introduced into the biomimetic material in order
to increase its molecular and chemical resemblance to natural
tooth structures [20]. The presence of CSHA in the biomimetic
material allowed us to clearly discriminate between the
biomimetic layer and the restorative compomer on the IR
map (Fig. 2A), where color changes were determined by the
intensity of vibrational modes representing the PO, group of
CSHA. The margin between the natural dental tissue and the
biomimetic composite material was blurred, which proves
the high similarity of the composite to natural enamel and
dentin.

It should be noted, though, that alone, the IR map of
phosphate groups is not enough to study the integration of
dental cements with the dental enamel/dentin mediated by
the biomimetic buffer layer. At 1163-981 cm™ the absorption
spectra of phosphate groups (Fig. 2B) can overlap with
the vibrational modes of aluminum silicates or silica that are
common components of restorative dental materials [19, 25].
However, the analysis of the interface margin (Fig. 1A and 2A)
did not reveal significant amounts of such compounds in the
analyzed spectral range (Fig. 2B), which can suggest their low
concentration in the studied sample area.

While the IR map shows the distribution of the phosphate
group, the IR image of vibrations at 1718-1358 cm™’
corresponding to the organic components of the sample (Fig. 3A)
helps to accurately identify the margin between enamel and
dentin. In Fig. 3A, the dentin area (shown in red) has a higher
organic content than enamel (shown in green), which is

consistent with the available reports [20].
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Fig. 2. A. The IR absorbance map based on the color codes for absorbance
intensity at 1163-981 cm'. B. The IR absorption spectrum of the enamel area
containing a characteristic phosphate vibrational mode at 1163-981 cm™

Fig. 3. A. The IR absorbance map based on the color codes for absorbance
intensity at 1718-1358 cm™'. B. The IR absorption spectrum containing vibrational
modes of CN, NH, C=0, and CH,/CH, groups at 1718-1358 cm'
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At the same time, when studying the interactions between
the dental compomer/the biomimetic layer and hard dental
tissue, one should bear in mind that the spectral range between
1718 and 1358 cm™ contains a few overlapping bands [18].
This complicates result interpretation and makes it difficult to
draw unambiguous conclusions about the type of interactions
at the compomer/buffer/hard tissue interface.

The IR spectra of the ester group (-COOCH,) (Fig. 4A)
and Amide Il (Fig. 5A) do not overlap with other vibrational
modes. Therefore, the analysis of their IR maps allows us to
make the following conclusions. First, it can be clearly seen
that the area of integration between the restorative compomer
and natural tooth enamel, where absorbance intensity for
~COOCH, varies from its peak to the lowest value, covers a
spot ~14 pm in width and overlaps with the area dominated by
organic components (Fig. 4A, 5A). Second, the analysis of the
distribution of absorbance intensity for Amide Il (Fig. 5A) present
in the biomimetic layer suggests that this layer separates hard
dental tissue from the dental cement.

All' IR images (Fig. 2A, 3A, 4A, 5A) offer a good visual
representation of the buffer layer, whereas other imaging
techniques provide information about the morphology of the
tooth-material interface only [2, 4, 15]. This means that buffer
layers caught in the integration area and close to each other in
composition are hard to analyze.

It is not always possible to visualize interactions occurring
at the heterogonous interface between structurally similar
materials using a series of one-dimensional IR images [6]. This
is a limitation of a one-dimensional approach to the identification
of spectral changes for the materials only slightly different in their
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Fig. 4. A. The IR absorbance map based on the color codes for absorbance
intensity at 1752-1704 cm™'. B. The IR absorption spectrum containing a
vibrational mode of the ester group (-COOCH,) at 1752-1704 cm™
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chemical structure. However, this limitation can be overcome by
using multidimensional clusterization methods that can effectively
systematize vast arrays of multicomponent IR spectra [26].
Using this approach, we were able to analyze the features of
a complex dental compomer/biomimetic layer/enamel/dentin
interface. The comprehensive cluster analysis of the spectral
ranges 1752-1704 cm', 1718-1358 cm™, 1269-1224 cm',
and 1163-981 cm™ discovered that interactions between the
material and native tooth tissue were mediated by the buffer
layer (Fig. 6, the dotted line).

The spatial distribution of molecular and chemical
phosphate, protein, Amide and ester groups (Fig. 6) shows that
the biomimetic layer between enamel and the dental compomer
binds to the partially demineralized enamel matrix via a mediator
sublayer, which may indicate an organic and mineral interaction
in the analyzed region. At the same time, the data analysis (Fig. 6)
shows that the buffer layer between the biomimetic material
and dentin is wider due to a more porous structure of dentin,
as compared to enamel [1, 2]. Clusterization of IR spectra helps
to see that organic and mineral components of the biomimetic
buffer layer tend to permeate the light-curing adhesive agent,
forming a mediator interface.

Considering our findings, one can assume that the real size
of a mediator sublayer that facilitates integration between the
biomimetic composite material, the restorative compomer and
hard dental tissue is 3—4 pm, which is consistent with current
state of scientific knowledge [27].

The data yielded by the analysis of all IR images (Fig. 2-6)
can be used to reliably discriminate between the functional
groups of all materials present at the biomimetic system-hard
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Fig. 5. A. The IR absorbance map based on the color codes for Amide Ill absorbance
intensity at 1269-1224 cm~'. B. The IR absorption spectrum of the enamel area
containing a characteristic phosphate vibrational mode at 1269-1224 cm™
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native dental tissue interface and confirm the efficacy of the
chosen approach to the analysis of integration processes
between dental cements and next-generation biomimetic
composites.

It should be noted that our findings are true for totally etched
samples. However, they may be also true for the samples
prepared using other techniques (self-etch or self-adhesive
systems) that exploit materials similar in their chemical activity
or composition to those used in our study.

CONCLUSIONS

We have demonstrated the feasibility of using multidimensional
IR imaging to study the integration of next-generation
biomimetic materials mimicking the mineral and organic
composition of natural enamel with hard tissue of the human
tooth. Using synchrotron radiation and IR maps of absorbance
intensity constructed for each functional molecular group,
we detected and graphically presented differences between
healthy tissue, the dental cement, and the biomimetic buffer
layer at their interface and determined the position and
concentration of functional groups that indicate integration of
the biomimetic composite with hard dental tissue. We have
shown that the proposed biomimetic system consisting of
nanocrystalline CSHA from a biogenic calcium source and a
complex of polar amino acids found in human teeth can form a
functional bond with hard tissue of human teeth. The obtained
miscrospectroscopy data confirm the chemical differentiation
of the materials and the presence of organic and mineral
interaction at the interface between the biomimetic system and
hard dental tissue.
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HIRUDOTHERAPY IN TREATMENT OF CHRONIC GENERALISED PERIODONTITIS
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Chronic generalized periodontitis (CGP) is a disease associated with low susceptibility to the therapeutic protocols applied; practitioners tend to characterize it as
a disease presenting certain difficulties. Therefore, the search for drugs and methods capable of increasing the efficacy of CGP therapy is an ongoing process.
Additional problems, which have to do with either with antibiotic resistance or increased sensitivity to drugs, also occur quite often. This study aimed to assess
the possibility of applying hirudotherapy in the context of conservative treatment of CGP. 50 patients with CGP without somatic pathology were examined
and treated. The participants were divided into two groups (n = 25), all group members of about the same age. At the first stage, the treatment followed the
accepted standard: professional oral hygiene procedures, antimicrobial and anti-inflammatory drugs, demonstration of proper personal oral hygiene routines.
Then, first group went through a monthlong hirudotherapy course that consisted of 6 to 8 individual procedures. Second group was observed throughout
this period with the aim to control the level of their compliance with the oral hygiene routines they were trained. Having analyzed the results, we found that
hirudotherapy was more effective than what was prescribed to the second (control) group. The papillary marginal alveolar index (PMA), which reflects the
severity of inflammation and gum bleeding, decreased significantly in the first group, where medicinal leeches were used: in the patients with severe CGP it
went down by 6%, in those with moderately severe CGP the index decreased by 24% and the participants whose CGP was only light had the PMA go down
by 2%. Thus, we have demonstrated the efficacy of hirudotherapy in the context of conservative CGP treatment, which allows recommending this method for
inclusion into clinical practice.

Keywords: chronic generalized periodontitis, hirudotherapy, periodontal indices
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rMMPyYOOTEPANNA B IEMEHUUN XPOHUYECKOIO FrEHEPAJTUSBOBAHHOIO NAPOOOHTUTA
T. V. Cawkunna', A. V. A6oynnaesa'™ T. C. PyHosa?, . B. Canpaycosa?, O. B. 3aiuerko?, [. K. ®acxytayHos?, C. W. Cokonosa?, E. M. MycTosas®
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XPOHNYECKMIA reHepann3oBaHHbliA NapofoHTUT (XIT1) — 3aboneBaHve, KOTOPOe NPEACTaBNSET OnpefeneHHble TPYAHOCTU S CReumanmcToB, NOCKOMbKY
XapaKTepy3yeTcst YCTONMHNBOCTBLIO K MPYMEHsieMoit Tepanin. [103ToMy MOCTOSIHHO MAET MOUCK MpenapaTosB U METOAO0B, MO3BOMSHOLLMX MNOBbICUTL 3(EKTVBHOCTL
nevenna XITl. Hepeako BO3HMKAKOT LOMOMHUTENbHbIE MPOGMAEMbI, KOTOpbIE CBA3aHbl MO0 C aHTUOUOTUKOPE3NCTEHTHOCTLIO, MO0 C MOBbLILLEHHON
YyBCTBUTENBHOCTBIO K Mpenapatam. Llenbto nccnenosanmns 6bi1o onpenenTb BO3MOXHOCTb MCMONb30BaHUsA rpyaoTepaniv Npu KOHCEPBAaTUBHOM NIEHEH
nauveHToB ¢ XIT1. beino obcneposaHo 1 nponedeHo 50 nauyeHTos ¢ X1, He UMetoLLx coMaTdeckoit natonoruv. OHn Bbinv pasaeneHbl Ha Ase rpynnbl no 25
4esoBeK, MPYMEPHO OOHOrO BO3pacTa. B kaxkAon 13 rpynn cHadaia NpoBOANN JIEHEHME B COOTBETCTBUM C MPUHSATLIM CTAHAAPTOM: HasHa4a M NpotheCCoHabHbIe
rUrMeHNYecKrie NPoLEeaypbl, aHTVMMKPOOHbBIE 1 MPOTUBOBOCMANUTENbHBIE Mpenapatbl, 00y4an UHANBUAYaNbHON rvrieHe. 3aTem nauveHTam nepson rpynnbl
MPOBOAMM KyPC MVpyAOTepanimn, CoCTOSALLMIA 13 6-8 npoLefyp B TedeHve Mecsua. 1py 3ToM nauvieHTbl BTOPOV rpynnbl HAXOAWAMCE Ha AMCMaHCEPHOM yYeTe C
LieSTbl0 KOHTPOSS FUMVieHbl MONOCTH PTa. AHaNM3 NOyYeHHbIX PE3yNETaToB NoKasan 6onee BbICOKYKO d(PMEKTVBHOCTE MMPYAoTepanim No OTHOLLEHWIO K rpynne
cpasHeHus. B rpynne, B KOTOPOW MCMONb30BaIM MEAVLIMHCKUE MUABKYM, MPOUCXOANNO OOCTOBEPHOE CHVDKEHME ManunnspHO-MapriHanbHO-anbBEONSPHOro
nHaexca (PMA), xapakTepuaytoLLero MHTEHCMBHOCTb BOCMAIMTENBHOMO MPOLECCa U KPOBOTOUMBOCTb TKaHel AeCHbl: Ha 32% Mpu NErkon CTeneHn TsKecT, Ha
24% npw cpepHen CTENeHN THKeCTU, Ha 6% npu Tshkenon ctenenn TshkecTn XIT1. Takum 06pa3oM, nokasaHa addeKTVBHOCTb MMPyAOTEPannN B KOHCEPBATUBHOM
neveHnn naumeHToB ¢ X1, 4To NO3BOASET PEKOMEHAOBATL ATOT METOL, B KIMHNYECKYHO MPaKTUIKY.
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According to the WHO, over 90% of the world's population
suffer from chronic inflammatory periodontal diseases that run
foralong period of time and resist treatment, leading to tooth loss,
development of chronic diseases of the gastrointestinal tract,
cardiovascular and other systems, which negatively affect health
and quality of life of such people [1, 2]. Therefore, periodontitis is
more than a medical problem, it is also a social one since it affects
the lives of people. Successful periodontitis therapies are standing
problem for dental professionals. There are various approaches
to the treatment of periodontitis. Surgical, physiotherapeutic and
alternative treatment methods, like naturopathy, often complete
the courses of mandatory antimicrobial therapy and professional
oral hygiene procedures. According to the published literature,
hirudotherapy is one of the methods applied to counter various
inflammatory diseases. Leech saliva is a bacteriostatic agent,
which means it reduces the bacterial load on periodontal tissues
and normalizes hemostasis [3-6]. This fact encouraged us to study
hirudotherapy as a treatment modality that can be a part of the
conservative CGP therapy [4, 5].

The goal of this research effort was to learn the efficacy of
hirudotherapy in the complex conservative treatment of CGP
patients.

METHODS

The study involved 50 patients, 21 male and 29 female,
aged 32 to 52 years, suffering from light, moderately severe
and severe CGP. Inclusion criteria: signed informed consent;
the presence of CGP absence of concomitant somatic
pathology at the age of 32 to 52 years; taken training in
wound care; preliminary therapy in accordance with the
standard approved by the Ministry of Health of the Russian
Federation; Exclusion criteria: the presence of concomitant
somatic pathology; age younger than 32 and older than
52 years; non-compliance with the medical requirements
and non-compliance with oral hygiene; lack of prior therapy
in accordance with the standard approved by the Minister
of Health of the Russian Federation. They were divided
into two groups so as to have the clinical and functional
characteristics. 25 patients formed the treatment group: 9
(86%) had light CGP, 9 (36%) other — moderately severe
CGP and in 7 (28%) patients the disease developed into the
severe stage. The distribution of CGP stages in the control
stages was the same (Fig. 1). No participant had a somatic
pathology aggravating the disease in question. We used the

M Light CGP [l Moderately severe CGP M Severe CGP

Fig. 1. Distribution of CGP patients in groups depending on the severity of the
disease (n = 25)

objective indices to assess the efficacy of treatment: PMA
and the Green-Vermillion index, which allow monitoring the
degree of inflammation.

For the treatment group patients, a week's course
included the standard antimicrobial, anti-inflammatory therapy,
professional oral hygiene procedures, which were followed by
hirudotherapy, i. e. attaching leeches to the inflamed periodontal
tissues (Fig. 2). We used the standard size (0.6-1 g) medicinal
leeches. The course, which ran for a month, consisted of
6-8 procedures conducted twice a week. The leeches were
attached 2 hours after eating; the patients were warned that
their oral cavities should be free from specific odors, such as
those of onion, garlic, mouth rinse, coffee, cardamom. Also,
the patients were forbidden to smoke and to use perfumes
5-6 hours before their visits to the dentist.

The patients in the control group received standard
treatment. Instead of hirudotherapy, they were observed with
the aim to control how they follow the prescribed personal oral
hygiene routines.

We applied the Student's test in statistical processing
of the obtained results; the confidence level was set at 95%
(o < 0.05). STATISTICA 10 software (Round Rock; USA) was
used to perform the processing.

RESULTS

Having analyzed the data collected, we learned that medicinal
leeches augmented the effect of standard therapy in the treatment
group, and the indices describing state of periodontal tissue
showed a continuing downward trend. After treatment, the PMA
index was at the lowest point in light CGP cases: from 21.89 + 2.03
10 14.89 + 2.14 (p < 0.05). In patients with moderately severe
CGP the PMA decrease was less obvious: from 33.74 + 3.57 to
25.74 + 3.21. In the cases where the disease has progressed to
severe stage, PMA went down slightly, but the decrease could not
be called significant: from 67.85 + 1.28 to 64.24 + 1.26 (p = 0.05)
(Fig. 3). Compared to the treatment group, the results
registered in the control group were less pronounced. The
PMA index decreased from 24.91 + 2.73 to 19.91 + 2.08
(o < 0.05) in light CGP cases, which is significant but not as
great as what was seen in the treatment group. In patients
with  moderately severe CGP the index changed from
33.61 + 3.14 10 28.36 + 3.44, and in severe CGP cases — from
67.15 + 1.28 to 66.85 + 1.18 (Fig. 4), both the former and the
latter change being non-significant (o > 0.05). Comparing the

- ’:\_‘

Fig. 2. Applying medicinal leeches to a CGP patient. A standard-sized medicinal
leech is attached to the inflamed periodontal tissues
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Fig. 4. PMA index dynamics, control group (n = 25)
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Fig. 5. PMA index comparison after treatment, control and treatment groups

data collected in both groups, we discovered that the protocol
applied in the treatment group delivered a stronger clinical effect
in light and moderately severe CGP cases (Fig. 5).

DISCUSSION

To a certain extent, the findings of our study are consistent
with those of a paper published in 2014 that described
introduction of hirudotherapy and Lipin (liposomal drug)
to the periodontitis treatment protocol. The authors of that
paper wrote about the suggested complex approach being
more effective than the standard one, but did not measure the
contribution of each component to the final result of the treatment
[6]. We showed that medicinal leeches, applied separately, help
arrest inflammation in CGP patients, reduce edema, arterial
hyperemia and gum bleeding. Application of medicinal leeches
made the effect from standard treatment more pronounced

BULLETIN OF RSMU | 4, 2019 | VESTNIKRGMU.RU
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and lasting (compared to the control group), which increased
duration of the remission. The dynamics of change of the indices
monitored was positive; the change to the better was registered
after 2—4 hirudotherapy procedures. The effect was stronger in
light and moderately severe CGP cases.

CONCLUSIONS

The study demonstrated a positive effect hirudotherapy offers
as part of the CGP treatment protocol. This treatment tactic
significantly increases the efficacy of standard therapeutic
measures and significantly reduces the inflammatory potential
of periodontal tissues: pain, itching, bleeding gums. Given the
growing antibiotic resistance and high sensitivity of population
to antibacterial drugs in particular, hirudotherapy may be the
method of choice, and sometimes one of the few treatment
modalities applicable to certain groups of population.
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THE IMPACT OF ELECTRONIC DEVICES ON THE PHYSICAL GROWTH AND DEVELOPMENT OF THE
MODERN YOUTH AND RECOMMENDATIONS ON THEIR SAFE USE
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The impact of excessive exposure to electronic devices (ED) on youth health remains understudied. There is a pressing need to develop recommendations for the
safe use of stationary and mobile ED aimed at minimizing health risks. In this work, we assess the effect of ED on the physical growth and development of high-
school and university students and provide recommendations for preventing the negative impact of prolonged screen time on health. The study recruited 460 high-
school and 598 university students. Standard anthropometric measurements were taken. The psychological and emotional state of the participants was evaluated
using the Test Anxiety Inventory by Spielberg (modified by Khanin). To estimate daily and weekly exposure to ED the participants were asked to fill out standardized
questionnaires. In high school students, the average screen time was 7 h a day; in university students, 8.5 to 10 h a day. Only 60% of the participants, regardless
of their place of residence or the type of educational institution they were attending, were physically healthy. We conclude that prolonged and frequent exposure to
ED is one of the factors that can interfere with normal physical growth and development in youth. Regular daily use of stationary ED increases the risk of developing
body weight deficit by 24% and gaining excess body weight by 10%. We recommend that students should eliminate computers, laptops and stationary ED from
their daily activities for at least one day at the weekend and reduce total screen time to 3 hours a day.

Keywords: health, electronic devices, information and communication technologies, physical growth and development, psycho-emotional state, high-school
students, university students
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BJIUSAHUE SNTEKTPOHHbIX YCTPONCTB HA ®U3NYECKOE PASBUTUE COBPEMEHHOW MOJTOLEXXU
M PEKOMEHOALIMU MO PEMAMEHTY NX UCIMOJ1Ib3OBAHUA

O. 0. MunylikuHa', H. A. Ckobrmna’, C. B. Mapkenosa', A. A. TatapuHuunk’, E. M. Menmxosa? ™ . W, nbuHa2, M. B. Monos?

" Poccuiickuin HaLMoHabHbIA MCCRepoBaTenbCKi MeaNUMHCKNIA yHuBepcuTeT nmenHn H. W, Muporosa, Mockea, Poccus
2 BOPOHEXCKWIA rOCYAaPCTBEHHBIN MEAVLIMHCKINIA YHBepeuTeT mern H. H. Bypaerko, BopoHex, Poccus

BnvsiHne 4acToro v AnMTeNbHOro MCMONb30BaHUA SMEKTPOHHBIX YCTPOWUCTB (DY) Ha COCTOSHME 300POBbA MOMOAEXM OO CVX MOP HEeQOCTaTOMHO W3YYEeHO.
ViccnepoBaHus No pernamMeHTaLmy UCnomb30BaHMs CTaLMOHAPHbIX M MOBUIIBHBIX QY s o6ecrnevdeHns OnTYMasbHOro (U3NHECKOrO Pas3BUTUSI MOSIOAEXM
CTaHOBSATCS 0COB0 aKTyanbHbIMU. Llensto paboTbl BbIN0 YCTaHOBUTE XapakTep W CTeneHb BUSHWS UCMob30BaHWS Y Ha msn4eckoe pas3suTvie MooabIX Stoaei
1 PEKOMEHA0BATb PEXUM UCMONb30BaHNA DY B TedeHue AHA AN NPOMUNIAKTUKA BOSHUKHOBEHMS OTKIOHEHWA B (D13MHECKOM padsuTun. [ns onpeaeneHus
hranHeckoro paseuTra 460 CTapLUEKIACCHUKOB 1 598 CTyAEHTOB MCMONb30BaM MMIMEHNYECKUIA, NHCTPYMEHTANbHbIA, COLWMONOrMYECKINI, CTaTUCTUHECKUN
MeTofbl MCCNefoBaHus: CTaHAAPTHYIO aHTPOMOMETPUYECKYIO METOAVKY; AN OLEHKM MCUXO3MOLWIOHANBHOMO COCTOSHUS — TecT Crnunbepra-XanuHa; Ans
y4eTa ncnonb3oBaHnsa OY NpPOBOAWAN aHKETUPOBAHUE C MPUMEHEHNEM CTaHAAPTU3MPOBAHHbBIX OMPOCHUKOB. [1p1n cpeaHeM CyMMapHOM eXXeAHEBHOM BPEMEHM
1CNOMBb30BaHNA JY y CTapLUMX LUKOMBHMKOB, COCTaBNAOLLEM 7 Y, Uy CTYAEHTOB, paBHOM 8,5-10 4, HopMasnibHoe (hr3nHeCKoe pasBUTIE BbISBIEHO B CPeaHEM
TONbKO Yy 60% 06CNeaoBaHHbIX, MPUYEM 3TO He CBSA3aHO C PErvioHOM MPOXMBaHWSA WM TUMOM 06Pa30oBaTENbHOMO yYpeXxaeHVs. MokasaHo, YTo YacToe 1
ONUTENbHOE MCNONb30BaHNe DY MONOAEXKBIO CIY>XXUT OfHUM 13 (DakTOPOB, CMOCOOHBIX BbI3BATb OTKIIOHEHVSA B (PU3NHECKOM PasBUTUN. YCTAHOBNEHO, YTO
©XXEOHEBHOE CMOMb30BaHNE CTaLMOHAPHbIX 3Y YBENMHMBAET PUCK BO3HVKHOBEHWS Y MOAPACTAIOLLErO NOKONEHUS HAPYLLEHWA B (OU3VHECKOM PasBUTUM 3a CHET
Hedvumta Macebl Tena Ha 24% v ero n3bbimka Ha 10%. B kayecTBe NpounakTU4eCKX MepOMNPUSTUIN PEKOMEHA0BaHbI OTKa3 OT UCMOMNB30BaHNS CTaLMOHAPHBIX
Y, KoMnbloTePa 1 HOyTOyka Ha 1 AeHb B HEAENHO (B BbIXOAHON AEHB) 1 OrpaHnYeHre CyMMapHOro BPEMEHM MCMONb30BaHNs BCex BUAOB QY A0 3 4 B AeHb.

KntouyeBble cnoBa: 340p0BbLE, 3NEKTPOHHbIE YCTPOWCTBA, (hU3NHECKOoe pasBuTie, MHHOPMALMOHHO-KOMMYHVKaLWIOHHbIE TEXHONOMM, NCUXO3MOLMOHASIBHOE
COCTOSHYIE, LUKOMBHUKA, CTYOEHTbI
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In recent years, information and communication technologies increasingly recognized as a significant environmental factor
(ICT) and in particular electronic devices (ED) have been affecting young people’s health [1-8].
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Qver the last two decades, ED have been actively used both
inside and outside the classroom. In 2008, only 3 quarters of
adolescents and young adults aged 12 to 24 years had access
to Internet; by 2018, the figures had soared to 96.9%. There
are now significantly more Web users who go online every day
among young people than among adults. The growing size
of young Internet audience can be linked to the availability of
mobile ED capable of connecting to the Web, such as mobile
phones in the first place [9, 10].

The use of ICT in the classroom is beneficial for both the
teacher and the student. Although ICT deployment may
not be cheap, the ultimate education costs will be lower in
comparison with “traditional” education. The curriculum can
be adjusted to an individual student’s rate of learning based
on his/her academic progress. There are no strict requirements
on the learning/teaching space. ICT provide effective tools
for monitoring a student’s progress. In turn, any student can
easily access any snippet of information taught during the
course. These ICT advantages provide a possibility for inclusive
learning. Still, some authors hold the opinion that expansion of
computerized education significantly increases health risks for
the students learning in a digital environment [11].

Overuse of ED has a number of negative effects, including
escapism from the real world into the Web, deterioration
of physical and mental health, etc. [12-15]. For example,
research conducted in the educational institutions of Irkutsk
demonstrated that intensive computerized learning negatively
affected intellectual performance, increased anxiety and
stimulated hyperactivity in children [16].

The use of electronic devices by children in preschool
facilities and schools is regulated by a number of special
guidelines, including Sanitary Rules and Regulations (SanPiN)
2.2.2/2.4 1340-03 (Requirements for personal computers and
learning spaces), SanPiN 2.4.1.3049-13 (Safety and health
requirements for the design, maintenance and operation of
preschool educational facilities), SanPiN 2.4.2.2821-10 (Safety
and health requirements for the learning environment in schools),
recommendations on the Safety assessment of e-book readers
and their use in educational institutions, etc. The majority of
these guidelines regulate the use of stationary ED in educational
institutions (but not outside the classroom), leaving mobile
devices out of the equation. This shapes the need for developing
total screen time recommendations for children and teenagers.

In 2015, the Government of the Russian Federation adopted
the Children’s Information Security Concept. The document
highlights the importance of creating a safe information
environment that would promote social adaptation, foster
personal, cognitive, intellectual and physical development,
protect and sustain mental health and wellbeing and stimulate
a positive view of life [17]. A lot of effort has been channeled
into researching the effects of ED on the mental and physical
health of young people and into elaborating safety regulations
on the use of ED. However, to this day the impact of ED on

Table 1. Characteristics of body types

children’s growth and physical development has not been
studied. Therefore, it is important to propose screen time
recommendations for young people in order to ensure their
harmonious physical development, as prescribed by the Concept.
In the study presented below, we assess the effect of ED
on the growth and physical development of high-school and
university students and give screen time recommendations.

METHODS

The study conducted in 2017-2018 recruited 460 high-school
students from Moscow region and 598 university students from
Moscow, Voronezh and Arkhangelsk. The study included high-
school/university students of both sexes who gave informed
consent to participate. The mean age of the participants was
16 years for high-school and 20 years for university students.
At this age young people can choose for themselves how
much they will use ED during the day or at nighttime. Older and
younger individuals were excluded from the study. Because
it takes a certain time for the body size and composition to
change, the impact of ED should be assessed in the context of
its total duration. The age groups included in the study had a
sufficiently long experience (over 10 years) of using ED.

Our multicenter study included schools with standard and
advanced curricula, as well as gymnasiums (schools preparing
students for university), and higher educational institutions
specializing in 1) public healthcare and medical sciences, 2)
mathematics and mechanics. The educational institutions were
located in different climate zones.

First, we assessed the growth and physical development
of high-school and university students using a conventional
anthropometric method and instrumentation. Body height
(cm) was measured with 0.5 cm precision with a standard
anthropometer measuring set. Body weight was measured with
100 g precision using an InBody 230 analyzer (Biospace; South
Korea). The obtained values were compared with regression
scales available for the regions involved in the study.

Considering that body weight and height may not provide
sufficient information about the effect of the studied factor on
the growth and physical development of the participants, we
additionally analyzed the body composition using an InBody 230
analyzer (Biospace; South Korea). This allowed us to estimate
muscle mass (kg), fat mass (kg), and body mass index (kg/m?)
and to provide weight management recommendations (the
amount of weight the subject was recommended to gain or lose).
Reference values returned by the analyzer corresponded to the
normal ranges adopted in the Western clinical practice. BMI was
compared to the values recommended by WHO (18.5-24.9).

Because different body builds are considered to be prone
to developing different weight statuses, we determined the
body build for each participant using a classification proposed
by Shtefko and Ostrovsky and modified by Darskaya [18].
Characteristics of body types are presented in Table 1.

Type Characteristics Prone to developing body weight deficit | Prone to gaining excess body weight
Asthenic, Slender, flat-chested, lean, with weak musculature;
. ) - Yes No
weak epigastric angle < 90
Thoracic, Slender with elliptical chest, average muscle
e . o Yes/no No
weak development, low fat mass; epigastric angle < 90
Broad in shoulders, with symmetrical elliptical chest,
Muscular,
average or well-developed musculature, average No Yes/no
strong ) L . A
or increased fat mass; epigastric angle = 90°,
Abdominal, Broad, with short cone-shaped chest, average muscular
o ) e o No Yes
strong development, prone to fat deposition; epigastric angle =90
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Psychological and emotional states of the participants were
assessed using the Spielberg-Khanin anxiety inventory [19].

In the second part of our study, we asked the participants
to fill out standardized questionnaires designed at the Research
Institute of Hygiene and Health Protection of Children and
Adolescents (National Medical Research Center for Children’s
Health) [20]. The questionnaires allowed us to assess the
frequency of exposure to ED, its total daily and weekly duration.

Lastly, the obtained data were processed using Statistica
10.0 (StatSoft; USA). We tested a hypothesis about the impact
of frequency and duration exposure to ED on the physical health
in young people. Arithmetic means, the standard error of the
mean and the standard deviation were calculated. Student’s
t-test was applied to assess significance of differences.
For continuous quantitative variables, Pearson’s correlation
coefficient was calculated. For discrete qualitative variables,
contingency tables were built; relationship between the
variables were assessed using Pearson’s correlation coefficient.

Relative risks (RR) were calculated to estimate the probability
of a certain outcome in the groups. Four-field contingency
tables were constructed and analyzed using the online statistical
calculator [21]. The 95% Cl was also computed.

RESULTS

In the first part of our study, we measured the main growth
parameters: body weight and height, which had typical age and
sex-related peculiarities. No regional differences were observed
between university students in terms of weight and height
(Table 2). Using regional regression scales, we established
that only 60.6 + 1.2% of high-school boys, 56.8 + 2.4% of
male university students, 61.2 + 2.7% of high-school girls, and
63.3 + 1.5% of female university students were developing
harmoniously.

BMI was 21.1 + 3.2 kg/m? and 20.1 + 3.3 kg/m? for high-
school boys and girls, respectively. In the group of university
students, BMI was 23.04 + 3.7 kg/m? and 21.28 + 3.5 kg/m?
for males and females, respectively. According to WHO
recommendations, the normal BMI range for the studied age
group is between 18.5 and 24.9 kg/m?. However, as many
as 20.3% of male and 15.6% of female university students
participating in the study had BMI over 25 kg/m?.

Body weight deficit was observed in 24.2 + 1.5% of high-
school boys, 30.6 + 2.1% of high-school girls, 10.5 + 1.2% of
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male and 21.8 + 2.3% of female university students. Excess
weight was observed in 12.2 + 2.1% of high-school boys,
6.2 = 1.1% of high-school girls, 24.6 + 1.2% of male and
12.0 + 1.5% of female university students. The rest of the
participants were obese. On the whole, high-school students
were prone to developing body weight deficit whereas university
students, to gaining excess weight.

The analysis of body composition revealed that unlike
height, fat mass was increasing with age (p < 0.05) in both boys
and girls. Importantly, the children were not building muscle
mass, regardless of their sex. This is an alarming trend: children
with body weight deficit do not develop sufficient muscle mass
and, therefore, do not join the ranks of their normally growing
peers. Although the total body weight was increasing with age
in our participants, it was largely due to fat accumulation. Young
people with excess body weight continued to accumulate more
fat. Based on the analysis of body composition, high-school
and university students were recommended to increase their
muscle mass by an average of 2 to 4 kg; additionally, university
students were recommended to reduce their fat mass by an
average of 2.5 kg (Table 2).

Additionally, we determined body build types of the young
people included in the study. Relatively weak types (asthenic
and thoracic) accounted for 40.0% of the participants, whereas
relatively strong types (muscular and abdominal) made up
25.0% of the participants; the rest of the high-school students
did not represent any particular build. Such distribution is normal
for the general population. We found a correlation between the
deviations from normal growth caused by weight deficit and
the abdominal body build (Pearson’s correlation coefficient was
0.72; p < 0.005).

The alarming number of high-school and university students
with abnormal body weight raises a question of their underlying
causes and prompts investigation of ED contribution to body
weight deficit and obesity.

In the second part of the study, the participants reported
that they used different types of ED every day, including
mobile phones, laptops, tablets, computers (ranked here in
the descending order). Only 0.5% of the surveyed did not use
ED. In this respect, no significant differences were observed
between boys and girls, male and female university students,
high-school and university students or the participants from
different regions. This suggests that ED are enjoying wide
popularity among young people in the general population.

Table 2. Growth parameters and body composition in high-school and university students presented as mean values (M + m)

Growth parameters High-school University

boys girls males females
Height, cm 1755+ 0.4 165.4 + 0.5* 176.9 £ 0.5 165.9 + 0.3
Body weight, kg 65.0+1.0 552 +1.1* 72.4 £ 0.9* 58.7 £ 0.7**
Fat mass, kg 10.1+£0.2 13.0+0.1* 13.9+0.2" 159 + 0.3"*
Recommended fat mass reduction/increase, kg 0.2 +0.01 0.2 +0.01 -2.5+0.05 -2.4 +0.04
Muscle mass, kg 30.1+£0.7 229+0.8" 33.0+£0.5 23.3+£0.7
Recommended muscle mass reduction/increase 3.7+0.7 3.9+0.6 1.8+04 3.6 +0.5

Note: * p < 0.05 — between high-school boys and girls; ** p < 0.05 between high-school and university students.

Table 3. Relative risks of deviations from normal growth patterns in high-school and university students based on the frequency of exposure to stationary ED

Outcomes Factor RR (relative risk) | EF, % (etiologic fraction) | Se (sensitivity of the method) | Sp (specificity of the method)
Body weight Frequency of exposure
deficit to stationary ED (every day) 213 23.6 029 0.88
Excess body Frequency of exposure
weight to stationary ED (every day) 1.59 9.8 0.67 0.47
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The participants used at least 2 different types of ED every
day, such as a mobile phone and a stationary computer or a
laptop, in the first place (Pearson’s correlation coefficient was
0.5; p < 0.001).

The participants switched from their mobile phones to ED
and back throughout the day, which means that total daily
screen time was prolonged. For high-school students, total
daily screen time (inside and outside the classroom) was 7 h.
For male university students, it was 8.5 h and for female
students, 10 h. The observed trends did not differ between the
regions.

Lastly, we investigated the impact of frequent (daily) and
prolonged (in terms of hours) use of ED on the physical growth
of the participants and its contribution to developing weight
deficit or excess weight.

The risks were analyzed. Knowing the risk factors and their
significance will help in developing methods for risk mitigation and
prevention of adverse effects on young people’s health (Table 3).

For body weight deficit, RR was 2.13 (DI: 2,01-2,21), i.e.,
daily exposure to stationary ED increases the risk of body
weight deficit and contributes to negative outcomes. The
etiologic fraction was as high as almost 24%; apparently, other
factors made their contribution, too.

For excess body weight, RR was 1.59 (DI: 1.11-3.15); the
etiologic fraction was 9.8%.

25 —

23.3

%

3 hours 4 hours

and less

5 hours

With mobile ED and a different frequency of weekly exposure
to ED, no risks were identified. Perhaps, exposure to stationary
ED leads to the reduction of physically active behaviors, thereby
affecting the growth and development of a child.

However, the analysis of correlations between fat mass
and the duration of exposure to either stationary or mobile ED
expressed in hours reveals statistically significant (o < 0.05)
correlations between fat mass and the duration of exposure
to a computer or a laptop (0.45) and a mobile phone (0.55).
Perhaps, the opportunity to use mobile phones in a sitting
position in wi-fi zones in public transport, shopping malls, and
parks turns the phone into a stationary device.

We also determined the total daily exposure time to
stationary and mobile ED that did not have a negative impact
of young people’s health (Fig. 1-2).

The analysis reveals that safe daily screen time is below
3 hours a day. Considering that there are always children,
adolescents and young people in a population whose physical
development is not harmonious, a 5.0% body weight gain
(relative to the reference values) ensuing from 4 hours of daily
exposure to ED would be acceptable if 4 hours of screen time
a day were not correlated with a sharp increase in body weight
deficit (up to 21.0%).

We also analyzed the correlations between the abnormalities
in physical growth of high-school students with different body

8 hours
and more

6 hours 7 hours

Fig. 1. Body weight deficit in high-school and university students exposed to different amounts of screen time a day

30

25 —
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%

15

10 —H

4 hours
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27.3

8 hours
and more

6 hours 7 hours

Fig. 2. Excess body weight in high-school and university students exposed to different amounts of screen time a day
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builds and the frequency of weekly exposure to stationary ED (a
computer or a laptop).

Body weight deficit was observed only in asthenic children
(100%) from the subgroup of individuals who used ED once
or twice a week. Exposure to ED 3 to 4 times a week was
associated with body weight deficit in both asthenic (80%) and
muscular (20%) types. Regular daily exposure to ED affected
asthenic (60%), muscular (20%) and thoracic (20%) types.
We conclude that it is not only “weak” types who can develop
body weight deficit, which they are prone to, but also “strong”
muscular types, who usually do not have this propensity.

Excess weight was observed in the children with abdominal
body build (100%) who used ED once or twice a week. Exposure
to ED 3 to 4 times a week was associated with excess weight
in abdominal (75%) and thoracic (25%) types. Regular daily
exposure to ED affected abdominal (50%), thoracic (25%) and
muscular (25%) types. We conclude that the “weak” thoracic
type usually not prone to accumulating fat can develop excess
body weight associated with exposure to ED.

Besides, after frequent and prolonged exposure to a
combination of stationary and mobile ED, high-school and
university students complained of fatigue (26% and 58%,
respectively). Prolonged screen time also triggered anxiety.
University students who used ED over 5 hours a day had a
high level of anxiety (48.2 + 2.6 points on the anxiety scale);
students who used ED 3 to 5 hours a day scored 42.1 +
1.6 points (moderate anxiety) and those who used ED 1 to 3
hours a day scored 36.1 + 1.2 points (moderate anxiety). The
analysis revealed statistically significant correlations between
anxiety and the duration of exposure to ED expressed in hours
(r=0.66; p < 0.05).

DISCUSSION

In a population, there are always children, adolescents and
young people whose physical development is not harmonious.
In the last decade, the number of Moscow residents with
excess weight and weight deficit in the age group of 8 to 17
years has risen to 11.5% and 22.3%, respectively, which is
consistent with the reports of other researchers [22, 23].

Our findings demonstrate that this trend is gaining
momentum. Only 60% of the participants could boast
harmonious physical development. This was not determined by
their place of residence or the type of educational institution
they were attending. According to the population studies
conducted before ED became omnipresent, at that time 68%
of the population were developing normally [22]. The negative
trend we observed prompts investigation of ED contribution to
body weight deficit and excess weight in young people.

Frequent and prolonged exposure to ED significantly
changes the lifestyle of modern students, stealing time allocated
for sleep and physical activities [24, 25].

Overuse of ED and obsession with modern ICT has a
profound impact on the wellbeing of children and university
students, increasing anxiety, causing sleep problems and other
health problems [26, 27].
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A MEDICAL CAREER: BARRIERS TO PROFESSIONAL IDENTITY
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Sometimes, a minor scientific event leaves a much more memorable trace than a large conference. On May 30-31, 2019, Pirogov Russian National Research
Medical University hosted a symposium on medical identities in various communities. Reports, reviews and discussions presented at the symposium focused on

the problem of identity, a unique phenomenon that results from self-reflecting on a complex dynamic process of personal development. Professional identity is
particularly important for a medical doctor. This article inspired by the reports of our colleagues summarizes the results of the symposium.
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MPO®ECCUOHANbHbIW NYTb BPAYA: «<BAPbEPbI» WAEHTUYHOCTU
3. MettuHn', B. A. fcbko? = B. B. Kazapun?, M. I. OcTpoyLuko®

T POCCUINCKIMIA HaLMOHaNbHBIN MCCNeaoBaTensCKMin MeanUMHCKA yHBepeuTeT umenn H. . Muporosa, Mocksa, Poccust
2 KyBaHCKui rocyaapCTBeHHbI MedVLIMHCKUIA yHBepcuTeT, KpacHomap, Poccuist
8 Kpaesas knvHndeckas 6onbHmua Ne 2, KpacHogap, Poccuist

HesHaunTensHoe No macuwtabam Hay4Hoe cobbiTie Hepeako OcTaBnseT cneq 6onee BblpasuTenbHbli, YemM nHas KpynHask kKoHdepeHums. B Poccuitckom
HaLMOHaIbHOM UCCNeA0BaTENbCKOM MEAMUMHCKOM yHuBepcuTeTe nvenHn H. . Muporosa 30-31 mas 2019 1. npoLuen cumnodnym «MeayuyHeKe MaeHTUHHOCTM
B pasHbIx obllecTBax». ChaenaHHble 30ecb OOKNadbl, 0630pbl, MPOLIEAILNE B UX KOHTEKCTAX AWCKYCCUM Obi MOCBSLLIEHbl NPOo6nemMe UAEHTUYHOCTN —
YHUKaNbHOMY SIBNEHWO, (DOPMUPYIOLLEMYCS Kak pesynstaT oTpedneKkCMpPOBaHHOCTN CyOBEKTOM CNOXKHOMO MHOMOMPaHHOro AVHaMUYHOro npoLiecca
JINYHOCTHOrO cTaHoBneHKs. OCcobyto 3HAYMMOCTb, Ha Halll B34, WAEHTUHYHOCTb MMEET B MPOMECCHOHANBHON XI3HM Bpada, YTo 0OYCNOBUIO HECOMHEHHYIO
aKTyalbHOCTb [IOK/IaA0B U AMAoroB, COCTaBMBLUMX COAEPKATENbHOCTb MPOBEAEHHOMO CUMMO3UYyMa, 1 LieNnecoobpasHOCTb 0O0OLLEHVSI ero pe3ynsTaTtos B
BUAE NpeaiaraeMoro YTaTento MHEHUS!.

KntodeBble cnoBa: BpaY, UAEHTUYHOCTb, S-KOHLEMNLWS, MPOMhECCoHabHas MOEHTUYHOCTb, MPOMECCHoHabHbIE 6apbepbl, MPOMECCNOHABHBIE KPUSMCHI,
npodeccroreHes

BnarogapHocTu: aBTopb! BbipaXkaloT 6/1arogapHOCTb BCEM y4acTHMKaM CvMNo3nyma «MeavUvHCKMEe UAEHTUHYHOCTY B pasHbix obliecteax» (PHVIMY mmeHn
H. V. Muporosa, 30-31 mas 2019 r.), MaTepuanbl BbICTYMEHNIA KOTOPbIX MO3BOAMMM 0006LLIMTE HEKOTOPbIE PEe3ynkTaThl HAy4YHOrO B3aMMOLENCTBYSA B BUOE
NpPencTaBneHHOro MHEHWS.

NHdopmauus o Bknage aBTopoB: 3. MeTTvHM — uaes nybnvkaummn; obliee pyKoOBOACTBO MOArOTOBKOW nybnvkaumn; 6. A. cbko — nnaH nybnnkaumm,
cucTeMaTU3aLNa NOHATUIA «MAEHTUHHOCTb», «KPU3UChl MAEHTUHHOCTW» B MCCNEfoBaHKsX CyObeKkToB MeamumHeKkoro Tpyda; b. B. KasapyH — vges aHanusa
pony NocneauniIoOMHOro 06pasoBaHns B NPeOLONeHN 6apbepoB CTAHOBMNEHWS MPO(ECCHOHANBHOM MAEHTUHHOCTY Bpada-pykosoauTtens; M. I OcTpoyLiko —
npefocTasnenHne SMNMPUYECKOro MaTtepuana, NepBUYHbIA aHan3 SMMNUPUHECKMX AaHHbIX.
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Identity as a subject of human and social sciences

For more than half a century, identity has been in the focus
of human and social studies that deal with various aspects of
human existence, personal development, self-actualization,
responding to challenges and crises, and building life-
style resources. Classic psychoanalytic works approached
identification as a psychological defense mechanism [1, 2];
in contrast, E. Erikson in his epigenetic theory defined the
search for identity as a developmental stage in adolescence
[3]. As a phenomenon, identity is explored by philosophy,
linguistics, culture and social studies of human beings and their
social nature. Recent linguistic research has demonstrated

that an increasing use of semiotic resources in shaping and
expressing identity is one of key characteristics of this complex
phenomenon [4]. In psychology, the concept of identity is
also enjoying a surge of interest. Terms like personal, gender,
group, ethnic, professional and organizational identities have
entered the lexicon of psychologists and are widely used in
psychotherapy and psychological consulting. The program of
the 16th European Congress of Psychology held in Moscow
in July 2019 included the symposium on Personal identity in
the conditions of multi-vector changes in the society. This
signals a profound interest in the phenomena of identity and
identification across the scientific community. The participants
of the discussion pointed out that multivector changes
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sweeping through the globe are complicating the process of
personal identification affected by new social and technological
challenges brought about by the advent of the digital era. The
speakers talked about a new phenomenon of online identity [5]
and about national identity that comes into being as a group
of individuals reflects on its historical experience [6]. Risks for
social failure are increasing, as seen from the rising number of
cases of unconfirmed identity [7] and gender identity crisis [8].

Professional identity of a medical doctor:
the mystery of formation

To understand what a doctor’s professional identity really is, one
has to identify a stage of medical training it starts to shape at,
the factors involved and the intensity of the process. For a long
time, little effort has been channeled into this field of research.
On the whole, our foreign colleagues have paid more attention to
this problem. Specifically, there have been persistent attempts to
shed light on the nature and mechanisms of professional identity
formation in the early stages of professional development. In
medical students, professional identity is seen as a result of
resolving difficult ethical dilemmas [9] and as an intrinsic part of
a student’s personality [10]. Some Russian authors have studied
professional identity in the context of daily routine of young
Russian physicians working in different environments (cities,
towns or villages) [11]. Those authors discriminate between
3 types of professional identity, depending on which view on the
profession dominates the mindset of a young physician: being
a helper (a doctor is a helping profession), being an expert
(a doctor is an expert in a medical field), or being a researcher
(a doctor is a researcher focusing on academic science).

The concept of professional identity holds a central place in
the contemporary labor psychology and is loaded with a wide
range of meanings [12]. One of them is particularly important for
grasping the essence of professional development: professional
identity is an indicator of how well an individual, their expertise
and professional achievements meet the healthcare demands
posed by society, professional community and its corporate
culture [12] Seeing professional identity as an ability to self-
identify in a profession can be used as a methodological landmark
in research studies exploring the complexity of psychological
aspects pertaining to the development of professional identity
in healthcare workers [12]. Just like motivation, professional
identity determines professionalism.

We face a lot of barriers in different stages of our career that
put our professional identity at risk for shattering. Overcoming
these barriers helps us to self-identify professionally at younger
age and facilitates self-actualization later in life [13]. The barriers
make one’s professional path nonlinear and thereby create a
prerequisite for redefining the vectors of the chosen carrier,
prevent one from professional stagnation, and enhance their
professional identity. Some of the barriers are purely individual
experience; however, others are common to the entire medical
profession. The latter include professional crises that need to
be overcome in order to self-actualize [14].
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The first barrier is the problem of choice: a young individual
torn by a conflict of motives and preferences creates a
professional self-image and eventually decides in favor of a
medical carrier. This crisis is a powerful stimulus: the decision
to become a doctor means one has to accept responsibility,
mobilize their internal resources and set off on a long and
difficult journey of professional education. Achieved professional
identity is a reward for overcoming this first barrier.

Other crises that will follow help an individual to build their
confidence as a professional and to transform their self-image
into a profession-related self-concept. Normative crises occurring
in a medical carrier include crises in year 1 and 3 of medical
training, a crisis related to the choice of specialty, a crisis at the
start of a professional carrier, a crisis related to maintaining and
improving qualifications, and a crisis of retirement.

The professional path of a medical doctor is also filled with
obstacles that cause a risk for destroying his/her professional
identity that include the so-called supernormative and
extraordinary crises. An example of such a barrier is a crisis
experienced when a doctor has to change their specialty or
job. In this case, a typically normative crisis a person has to
go through when starting a new job becomes supernormative
or even acquires features of the extraordinary crisis that puts the
doctor under a lot of stress. Such crises strike when a physician
is offered a senior management position in a healthcare
institution [15]. It is accompanied by frustration of a professional
self-concept dissonant with a new identity (I as a senior
executive). Studies have shown that in terms of confidence,
“Iin the present” becomes weaker than “lin the past”, the person
feels the lack of competencies required for a new position,
engages in negative coping strategies, etc. [15, 16]. Introducing
the psychology of management into the curriculum taught to
healthcare workers who study organization of healthcare and
public health could help to overcome this barrier. Lectures and
workshops on the psychology of management help students
to develop standard competences that a senior executive is
expected to demonstrate in their new position [17]. The essays
and reports prepared by the graduates of the Department of Public
Health and Healthcare (the Faculty of Continuous Professional
Education, Kuban State Medical University) reveal a positive shift
from frustration to realizing the points of integration between two
professional identities: | as a physician and | as a senior executive.

CONCLUSIONS

Professional identity is the core of a person’s self-image. This core
not a monoalith. It is subject to various interventions arising from
changes, challenges and demands from both within and without.
In order to succeed in medical profession and to overcome
the barriers occurring in all stages of their professional career
and throughout life, one has to understanding the meaning of
those barriers. The significance of the problem discussed at the
symposium necessitates research into the mechanisms, factors
involved and patterns of professional identity formation in medical
doctors living in contemporary society.
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