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This paper suggests approaches to improving metfoodtiagnosis and prediction at surgical correttid the nasal
septum deviation. A method is introduced to astes®ffect of air flow on the nasal cavity wallsnaicro level. The computer
planning method of surgical endonasal plasty igyested, based on the construction of a volumegiodynamic model of the
nasal cavity according to the computer tomograpityrainomanometry data. The issues connected vatindstics and surgical
treatment of respiratory-olfactory disorders arasidered.
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In the conditions of endonasal rhinosurgery, therast in surgical correction of intranasal
structures has significantly grown in recent ygér$, 9]. The most common cause of intranasatsiras
surgical correction is the nasal breathing functisorder, which pathogenesis is closely connesfidd
the nasal septum condition. However, various deftions of the latter are often accompanied by ewar
of structural and functional changes in the nasalitg [4, 8]. Thus, as a result of the observations
performed, the authors highlight one of the cafmesespiratory olfactory dysfunction in the naseptum
deviation in the form of the olfactory fissure lumearrowing and the aerodynamics disorder of the ai
flow passing through this area [8].

But, in this case, correcting the septum deviatiear the olfactory fissure and eliminating the
"obstacles" troubling the nasal breathing do nabgk lead to the restoration of the olfactory fimttFor
that purpose, to evaluate structural changes indbBal cavity, video endoscopic imaging and CT seca@e
used to provide a sufficiently complete picturehaf internal structures of the skull and paransisalses,
paying attention to the ratio of intranasal anat@mhobjects, namely the nasal septum, the middéalna
concha and lateral dorsum of the nose [8].

These studies contain a large amount of informagtimhallow the surgeon to feel clearly confident
in the anatomical and topographic features of tiiending area. However, it is not the very fact of
structural changes that is of interest to the samgbut the restoration of the nasal cavity fundio
capabilities which is one of the most difficulties in rhinology.

Topicality of the subject under study lies in tlidwing. In most cases, assessment of the nose
functionality is based on the air exchange natcihanges in the air flow as related to to the wallithe
nasal cavity, visualization of which provides infa@tion on the nasal cavity macrostructure as ciomdit
features of the nasal lateral dorsum, nasal corcmralateral deformation of the nasal septummettal
infundibulum blockade etc., but at this, the miexal of disorders is not taken into account [8, 2].
Diagnosed by this method, the intranasal structtats disorder only gives a unidirectional view thie
problem of the disturbed aerodynamics in the neaéty, which is estimated by clinicists indepenttien
of one another and does not permit speaking ondhgplete restoration of the organ’s functional\atgti

Taking the above said into account, it is consideeasonable to carry out endonasal interventions
aimed at normalizing the anatomical structuredefrtasal cavity lateral dorsum, restoring secuxeasi
of the airflow, while preserving the nasal cavitgteonectonicsto the greatest possible extent, migtai
the macro, but also at the micro level [1, 3]. Fithis point of view, the most appropriate approacie
those aimed at the simultaneous restoration ofattemjuate nasal architectonics and elimination et th
microlevel of the aerodynamic processes imbalamt¢kd nasal cavity. In this connection, it is noel
preferable to use surgical techniques, with accofitihe nasal breathing characteristics assessignt,
calculating the aerodynamic parameters, as weatadgunctional capabilities features of respiratiom
olfaction [2, 1, 3, 11].

Therefore, thurposeof the present study is to improve the methoalagfnosing and predicting
surgical correction of the nasal septum deviation.

Materials and methods Under our supervision, there were 167 patienth tie nasal septum
deviation, who were subject to the endoscopic shngical intervention. The patients’ average ageda
within the range of 25-60 years. The diagnosis wegle based on complaints, anamnesis, clinical
examination data, nasal cavity endoscopy, comptahetbgraphy and respiratory olfactory function
studies.

Taking into account the age, gender, presenceeafidisal cavity pathology, attention was paid to
the duration of the disease, leading to the olfactisorder. Based on the results of a comprehensiv
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survey, including assessment of patients’ compasmamnestic data, and the physical examinatitay da
all patients were clustered into three groups.firsegroup consisted of 44 patients with the nasgitum
deviation without structural changes in the latel@isum of the nose. The second group comprised 75
patients with the nasal septum deviation and cbrbgpertrophic rhinitis. The third group includef 4
patients with the nasal septum deviation and chamgthe middle nasal concha area - conchabullosa.

Indication for the study was the presence of theahaeptum deviation in patients planned to
undergo functional endonasal surgery. All patiemse subject to the cone-beam computed tomography
(CT) of the nasal cavity and paranasal sinuses @bthining two-dimensional cuts (axial and coropary
followed by pre-treatment and segmentation and Wiéhphoto and video recording of the image at the
direct and lateral angular fields [7]. All patienisderwent rhinomanometry with computer olfactometr
recording the respiration energy characteristicdeurthe action of the appropriate odorivectors. For
instance, an olfactory set of valerian solutiorthie concentration of 0.5% was used to study olfacti
sensitivity.

Trigeminal sensitivity was determined with accooifithe 0.2% solution of acetic acid. Parameters
of the breathing power and energy were determineéiuthe action of odorivectors in the dynamic®kef
and after the surgical intervention. The chandaese indicators was recorded as a percentage wfitial
ones. Then, based on the results of CT, a spatidehof the upper respiratory tract was built amehta
complex aerodynamic model of the nasal cavity waséd based on integration of anatomical CT data
and rhinomanometry indices [8].

The main measured parameters were areas and pasnaéithe nasal cavity cross sections, as
well as the pressure drop and the air flow ratesedby it. Based on these data the Reynolds nuwidser
determined: the airflow turbulence value charastieri and the width of the laminar air boundaryelay
near the nasal cavity dorsum and characterizingdgeamic processes at the micro level, namely the
location of the microscopic irregularities of theper nasal mucosa layer with resped parietal air flow
width [8].

Planning of surgical intervention was carried oasdx on the virtual modeling of morphing 3D
model of the nasal cavity, which resulted in predicof nasal respiration functional parameterseteiing
on the type and the degree of endonasal struatoresction.

Results of the study and their discussianThe nasal septum pathology was detected in 167
(100%) patients admitted for inpatient treatmentttie ORL-clinic. In 44 (26.3 %%) of them, the
respiratory function disorder was only associatétl the septum deviation; in 48 (28.7%) patientsaha
breathing disorders were accompanied by the naptis deviation and changes in the area of thelmidd
nasal conchabullosa; in 72 (43.1%) nasal breatliifiiculty with the nasal septum deviation was
accompanied by chronic hypertrophic rhinitis; 1.88patients had a unilateral nasal septum defoonati

It was revealed that olfactory dysfunction was obse in all patients with reduction of the both
olfactory and trigeminal sensitivity (accordingttee computer olfactometry data, increased power and
respiratory energy were recorded at the averagb¥yrelative to the norm). As a result of the perfed
intranasal structures analysis, namely, the nagdlm, the middle nasal concha and the lateralidocs
the nose, the nasal cavity obstruction was deteatetie level of the middle nasal meatus caused by
conchabullosa and the contra-lateral nasal sepeformation in the form of a ridge. In group I, 2%
cases, the anterior end of the inferior nasal cameas not enlarged, while the middle and the piaster
sections were significantly enlarged.

Blockade of the olfactory fissure according to Giidy was diagnosed in 20 cases, in the third
group of observations. In 3 patients, the aggeroelts process was diagnosed, the total involvenment
the ethmoidal labyrinth process was detected iatéepts.

Functional studies of the nasal breathing wereiezhrout by means of the posterior active
rhinomanometry and testing patients at differegpiration modes [11]. According .to the rhinomantigne
data, the pronounced depression of the total hasathing characteristics was observed, whicHitstbd a
pronounced negative effect of the nasal septunatiermion the respiratory function of the nose adale.

As a result of the study, it was found that after hasal mucosa anemisation in patients with nasal
breathing disorder, the nasal resistance paramg¢ergased 2 times as compared to the initial ands
reached the values that significantly correlatbé ¢orrelation coefficient was equal to k = 0.8&hwhe
resulting assessment of the nasal respiratory iimdh these patients in the postoperative period.
Improvement of the olfactory function (on average?b%) was recorded in 80% of patients in the pkrio
of 2 months after the surgery by the criterion oédbhing strength and energy under the action of
odorivectors.

When studying the aerodynamics of the nasal caintynost cases, when the nasal concha is
overhanging the semilunar hiatus and when the @mahjoins the nasal septum, the air exchange is
disrupted, the airflow changes, which leads to dleeelopment of various pathological conditions.
Examples of computer models for virtual simulata$rsurgical intervention are shown in fig. 1.
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Figure 1. - lllustration of the spatial model okthasal cavity from CT data (a); schematic illugtraof the concept of the laminar
boundary layer widtl in the channel with the diameter d and length.I (b

The importance of determining the
width & of the air boundary layer is
illustrated in Figure 3, where figures 1, 2,
3 and 4 show different areas of the
boundary layer's influence on the
microroughness of the nasal cavity
mucous membrane: in 1, 4 -
microroughness are within the laminar
sublayer, in 2 — at the boundary and in 3 -
are subjected to drying by the turbulent
airflow core.

According to the aerodynamic
models presented in fig. 2, the coefficient
A of aerodynamic nasal resistance is
calculated for both halves of the nose, as
illustrated in Fig. 2. It can be seen that the
stylosteophyte (thorn) of the nasal septum
(see fig. 2, b) almost 2.5 times increases
the resistance to air flow on the deformed
side of the nose (A = 9.8 » 10-9 Pa&?9 s
m®) compared to with an intact half (A =
4.2 » 10-9 Pa ¢ mP), which is shown in
fig. 2, c. This is also confirmed by
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% / 26 independent results of the posterior active
o I "o rhinomanometry with alternate testing of
55 7 25 the nasal halves.
“g; / S4 o Whereas it is necessary to evaluate
Ry / R, Ve the aerodynamics, it is advisable to study
/’ A the air flow effect at the micro level in the
2 7 2 /’ area immediately adjacent to the nasal
" LA cavity boundaries - the parietal airflow,
and particularly in the places of ultimate
%75 10 15 20 25 30 35 %73 10 15 20 25 30 35 narrowing of the nasal passages. To

B c determine the characteristics of the
Figure 2. — lllustration of determining the coeiffict of nasal aerodynamic pa”etal ﬂOW, StU(_'jIeS on the theory_ of the
resistance A when the nasal septum is deviatdustaght: a - the initial axial CT- boundary layer in the nasal cavity are
section, b - the slice by slice accumulation of¢befficient A in the right half of applicable Studies on the degree of the
the nose, c- the same in the left half. | .
boundary layer’s influence on the nasal
cavity mucosa are performed using the CT datador@ance with the mucosal microroughness size and
with the laminar parietal flow’s width. Calculati®are carried out according to the formula [3]
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where d is the hydraulic diameter of the nasal cavitycokited as for complex shape channels; Re is the
Reynolds number, which characterizes the airflagime (the larger the value is, the greater isendéncy

to turbulize the flow). From the above formulasitobvious that with the increase of Reynolds nuraber

the decrease of the hydraulic diameter, the widtthe boundary layer reduces sharply. This puts the
characteristic requirements to the surgical apgrogcthe problem areas it is necessary to condéigbe
widest sections as possible.

Dependence of the width on the Reynolds number shbat under different respiration regimes,
the parietal flow can have different effects on mmecous membrane of the nasal cavity, which must be
taken into account with patients of young age gsoamd those engaged in physical exertion. The wvafith
the laminar boundary layer near the walls of theahaavity is normal at calm breathing of aboutrhra
and asymptotically reduces with increasing flonwoegly and, accordingly, turbulence. The illustratio
determining the ratio of mucosal irregularitiesha nasal cavity when compared to the width ofdhenar
boundary layer at different respiration regimegiven in fig. 3. Obviously, the width of the boumgdéayer
depends significantly on the breathing intensityeduces significantly with increasing air disader

09 Thus, the analysis of
0.8 Rz study results in 3 groups of
l.f 074 observation showed that in the
g ' projection areas of ridges and
b 0,64 stylosteophytes and the areas
| £ 0,5 of deviated nasal septum bony
' E I structures, critical reducing of
! i 047 Re  the laminar boundary layer’s
A 0,34 width is observed, wherein the
’; 021 increased airflow turbulence
§ transition is determined.
8| | I I I RI At the same time, optical
0,04 Y endoscopic control can

A L 1520 2% 30 B significantly  reduce  the
1 mim probability of injury to the
Figure 3. dllustration to the definition of the laminar boumgéayer at the nasal cavity A-B  MuUcoSsa In these areas during

area: A - initial axial CT slice, b - value of tleguivalent nasal cavity mucous membrang’s surgery. An important aspect
roughness with designations,iRc and R - minimum, medium and maximum values, respectively of intranasal structures surgical

correction performed for nasal breathing disordethe prediction of the operation results, pelingtthe
rhino-surgeon to better comprehend possible outsoafethe intervention in terms of its functional
efficiency. The method for computer planning ofgscal intervention, based on virtual modeling and
predicting the anatomical and functional resulthef surgery, lies in determining the best configaraof

the nasal cavity as determined by reducing the nesietance value. An illustration of the changéhim
virtual nasal cavity model by the 3D-warping mettramtording to the sequence of reference points is
presented in fig. 4.

The initial, predicted
and resultant values of the
aerodynamic nasal resistance
coefficient for the studied
pathologies are presented in
Table 1, from which it can be
seen that the predicted values
differ from the initial ones by
approximately 2 times (1.95,
2.1 and 1.98, respectively),
but the actually obtained
values after surgical
treatment differ by an average
of 1.7 times (1.69, 1.79 and
1.66, respectively).

i

Figure 4. lllustration of the computer planning gess by the method of two-dimensional
warping by reference points on the coronary CTesti@ - input image; b - resulting image
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Table 1
Initial, predicted and resultant values of the aerdynamic nasal resistance coefficient
for the studied pathologies
Pathology Aerodynamic nasal resistance coefficient, Fmfs
Initial value Predicted value Resultant valye
Nasal septum deviation 7.8£2.3 4.0+1.1 4.6+1.3
Nasal.septum dewqﬂon m.comblnatlon with 95428 44415 5342 1
chronic hypertrophic rhinitis
Nasal septum deviation in combination with 83426 49413 50+1.8
conchobullosis

D000 %o _

When planning functional rinological interventiomisis advisable to carry out virtual modeling
and predicting the results of nasal breathing rastm. The current intelligent technologies, oa Hasis
of computer simulation with a probability of at $e80%, permit to perform a correct prognosis for
restoring the respiratory-olfactory function. Theognosis accuracy depends on the severity of the
pathology and the ability to implement the plansedgical measures. Thus, in a number of cases, in
individuals of the 2nd and 3rd group with pronouhbgpertrophic changes in the nasal cavity combined
with the nasal septum deformation, the necessisgsito expand the surgical intervention volumghe
form of one-step septoplasty and submucous reduofinasal concha.

In most cases, the scope of corrective intervestinrall the observed cases should be limited to
the most sparing treatment of the nasal mucosaytimal choice of the site and the shape of theaus
membrane incision, the minimum area of the nasatousi membrane detachment and complete
comparison of the mucosa leaves followed by sugutie edges of the incision. This explains the tgrea
deviation of actual and predicted results, compaoetthe group, where the amount of intervention was
actually limited by septoplasty only.

Therefore, improving the diagnostic methods andpteliction of the nasal septum deviation
surgical correction takes studying the respiratoagal breathing disorders to a new level, takirig in
account the structural and functional feature$iefrtasal cavity, determined on the basis of thetahgair
flow theory. The study demonstrates that the peemtiturbulent flow has a drying effect on the mucou
membrane’s areas of the nasal cavity, causingtataland functional disorders of the nasal mucbsa.
this case, the width of the viscous layered lampaaietal flow in the nasal cavity will be reduceith
increasing flow velocity and, accordingly, turbuteni.e., with the increased respiration intensityhould
be taken into account when treating patients ofigaage groups and prone to frequent physical exexti

Thus, predicting the results of intranasal striegufunctional surgery permits planning and
implementing adequate volumes of surgical operatiofhe suggested diagnostic technique is
physiological in real clinical conditions, and thesults obtained are characterized by a high degjree
correlation with a subjective assessment of nasalthing.
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ONTUMIBAIIA METOAIB JIATHOCTUKHN
1 IIPOTHO3YBAHHS XIPYPITYHOI
KOPEKIIIi BUKPUBJIEHHSI HOCOBOI
NEPEI'OPOJKHN
Mymasnina H.O.

Y poboTi NpOMOHYIOTbCS MIAXOAM JO ONTHUMI3aLli
METO/IB JIIarHOCTHKHU 1 MPOTHO3YBaHHS XipypridHOi KOpeKmil
BHKPHBJICHHS1 HOCOBOI IIEPEropoIku. BBOIMTBCS METO OLIIHKI
BIUIMBY HOBITPSHOTO OTOKY Ha CTIHKM HOCOBOT HOPO>KHUHU Ha
MIKpOpIBHI. [Ipononyerbes METOoJ KOMIT'IOTEpHOTO
[UIAHYBAaHHS  XIpYpriuHoi  €HJOHA3aJbHOH  IUIACTHKH,
3aCHOBaHHMU Ha MOOYHOBI 00'€eMHOI aepoaiHaMidHOI Mozesi
HOCOBO{ IMOPOXHHHHM 32 JTaHUMH KOMIT'IOTepHOI ToMorpadii Ta
pinomaHoMerpii. Po3rismatoreess mUTaHHSA, MOB'S3aHI 3
IIarHOCTHKOI0 Ta XipypridyHUM JIKyBaHHSM pecCIipaTopHO-
HIOXOBHX ITOPYIICHb.

KrouoBi cjioBa: BiIXuieHHsS HOCOBOI IEPEropojky,
XipypriuHa eHIoHa3ajJbHa IJIACTUKA, aePOJMHAMIUHA MOJIENb
HOCOBOI MIOPOXKHUHH, KOMII'IOTepHa ToMorpadis,
PpUHOMaHOMETpis.

Crarrs Hapgiiinoma: 4.05.18p.

ONTUMM3ALNONA METOAOB JUAT'HOCTHUKH
M ITIPOTHO3UPOBAHMS XAPYPITUMYECKOM
KOPPEKIIMU UCKPUBJIEHUS HOCOBOM
HNEPETOPOJKH
IMymasnuna H.O.

B pabore npeanararorcsi MOAX0bl K ONTHMH3ALHU METOJIOB
JIMarHOCTUKU M IIPOTHO3UPOBAHUS XUPYPrHYECKOH KOPPEKLHU
WCKPHBJIEHUsT HOCOBH I€peropoiku. BBomuTcs MeTon OLEHKU
BIIMSIHUSI BO3YILIHOTO TOTOKA HAa CTEHKH HOCOBH IOJOCTH Ha
MHKpPOYPOBHE. IIpemnaraercs METOA, KOMIIBIOTEPHOTO
[UIAHUPOBAHUA ~ XUPYPTUUECKOM  SHIOHA3AIBHOM  IUIACTHKH,
OCHOBaHHBII Ha MOCTPOEHUH 00BbEMHOH aepOoIMHAMIYECKOH MOZIEIIH
HOCOBH TIOJIOCTH IO JaHHBIM KOMIIBIOTEPHOI TOMOrpaduu u
pUHOMaHOMETpHH. PaccMaTpuBaroTCsi BONPOCHI, CBS3aHHBIE C
JMarHOCTUKOM ¥ XUPYPTUYECKUM JIEYeHHEM PECIUPATOPHO-
OOOHSTEBHBIX HAPYIICHHUIL.

KnroueBble cj10Ba: OTKIOHEHHE HOCOBOM IE€PErOpoAKH,
XHUpypruueckasl 3HIOHa3allbHasl IUIACTHKA, a’pOAMHAMHYECKAs
MOZENb HOCOBOM IIOJIOCTH, KOMIIBIOTEpHAsi ToMorpadus,
PHHOMAaHOMETPHSI.
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EFFICIENCY OF DIFFERENTIATED LONG TERM MAINTENANCE TREATMENT
IN DENTAL IMPLANT SURGERY PATIENTS

E-mail: silenko@gmail.com

Purpose of this study was to evaluate the effecdge of the proposed differential maintenancertreat in patients

who underwent dental implantation, based on thalte®sf the clinical dynamic observation and théadaf laboratory tests
(microbiological, immunological and rheologicalpmkending on the initial level of the Green-Verroiflis HI after the implant

prosthetics stage, according to the clinical anlibtagic control in the long-term (1 year).
Key words: dental implantation, oral hygiene, differentigatment.

The present study is a fragment of the researcleprdRestoration of dental health in patients wittajor dental
diseases and their rehabilitation” (state regisimat No. 0116U004191).

In present day, dental implantology as a scieaa®veloping rapidly. [1-2]. Despite undoubted
achievements, an important problem of dental intpkion is the risk of complications in the implants
functional period [3-4]. With the active functiogirof the created biotechnical system, problems and
complications can occur with both the biologicaldathe technical component. The most common
complication affecting the tissue surrounding thelant is peri-implantitis [5]. The leading caudeeri-
implantitis of actively functioning implants is @mpromised barrier function of the implant’'s girgiv
cuff, as a result of unsatisfactory oral hygiemetHis period, an important component of the hygien
measures is the regular professional hygiene ofothe cavity, whose task is to carefully remove the
biofilm, plaque, supra- and subgingival calculusiirall surfaces of the crown and root parts ofttioth,
including furcations. Therefore, with careful indiual and professional hygiene, one can count en th
continued successful functioning of prostheticatites with the support of implants [6]. Howeversgite
a number of existing recommendations on the tirirgygienic examinations, up to the present tinezeh
are no scientifically substantiated approaches tppart treatment with concrete practical
recommendations for any of the stages of dentalaintgtion, taking into account the condition of
periodontal tissues and the level of the oral hygi€Considering the above, we think it is advisadlgosit
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