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OLFACTOMETRY DIAGNOSTIC AT THE MODERN STAGE
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ABFTRACT In thiy eriicle we corsider the most popudar methods fer evaliating the degree of elffactory diserders. The purpese of
cur paper &5 an amalviioe review of elfactamelry of methods and Iosds fo determine thelr poferiial and the dicgrasiic value of the
delection of resuraton-olfaciory disordery thinctieg of odoraely getting fafo areas of e roral mecass, confeiieg offacion:
receptars), Prrpasid study of elfactary fanchion atlews o determine the criteria for the divgrostc of doced aecfnnction af varimis
pards of the aealpze, Farions metiody and devices Solfmciometers) are wsed do dirgmose offactony aralyzer, ek ieey @lf hove @
rumher of dravibacky: ire fong diveafior af She study, the aome of slyechive evidence of the sbvecis, the wse of elfactory swhyfances
ther affect de end af ive threefold peve, defrermination of slifactary dysfunciion ar only guentitativedy ar amdy gealitativedy. Wost of
the medhods for evadueiing of alfoctony divardery v o wide rarge of wrver for fhe diagnests of varioay divearey ar well, inoluding
mrental drorders, brain domage, ard gervoues spstem. However, within sar protfem, effacton: desfimciion is Recessary fo consider Iz
conraciian with e problen of the air passage in fthe foan offocteny asfem Therofare, @ 5 pecestany fo odevelop o Bighly
specialtized mmedfod of ersessimy alfactary — respinefory disarders, winioh wardd dove @ gl degree aof algectivily fior wse i clindcal
prociice of atoferiegologists. Thes, in the peespective of farther research i seems accevsary o develog o metbad of assessmens of
edfactary Juaction me the basiv of respivefary parameters devived from riramraranairy reseaercl B will improve he ofyecrivity of
craducted researches.
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Initroduction

Method belding fate af stadies.
[.F. Faviow

Olaction plays @ majoer role i our interaction with
the environment. The elfactory system not only acis for
the detection ab potemtial dangers in the environment,
such asx smoke, pas or dusts, but also it influences our
nulribion, secial behavior, and well-being [ ]. For human
brings, it also has been crucial function for better guality
of life. There has been a recent increase o diseases
associaled  with olfactory  dysfunction ax shown  in
figure 1 [I]. Moreower, because many  patients  with
pltactory dysfunchon have often complained of ther
olfactory functions as well as reported of chronic pan,

olfactory dysfunction must oot be neglected anymaore. In
wildition, the olfactory functiosn has been conzidered 1o be
one of the hislogical markers associnfed with varioues
diseases, such as Aleheimer’s disecase, Parkinson disease.
multiple sclerosis, and brain tumor. Thuas, the evaluation
of olfactory function will shed some light to umberstanad
the function of the buman elfactery system as well as
assess the elfaction value in day-to-day Litfe [2].

of the
anatomical  anad

The siructure olfactery  analy=er 15 a

complex physielogical  struciure.
Violation of olfactory function may be due o bath.
menfal disorders and  diseases  affecting  the nervoos

svstem, and atorhina laryngologioal diseases.
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Violatsons of olfactory funclien in the hroadesi
sense can be divided into three categaories:

- dysfunction of brain regions  associated with
elfactory information processing;

= disreption of conduction paths (central pervous
system), i.e. blocking the sigmals in the way of the
oltactory receptors o the appropriate areas of the brain;

«  respiratorv=alfactiory  disonders, blocking of
pdoranls  getting  imto areas  of the nasal mucoesa,
containing olfactory receplars.

It may be necessary a consultation for the patient
with various specialists during examinatien of alfaction -
nearilagists, endacrinelgisis,
psychiatnists and others. In particular, i1 occwurs in the
situations when the patient with clear violation at smell s

nearasurgcons,

no coanclusive clinical signs of diseases of the nose and
puranasal sinuses j4].

Actuality of the paper.

Violatson of olfaction plays an imporfant role in
the diagnesis of diseases of the nese and nasal cavity, and
it 1% an indicater of the guality of reatment and post-
iervention aml rchabilitabon of patients with various
nose injuries as well. Blocking airflow with odorants in
the nasal cavity due 1o various disorders s a very complex
prablem of modern otorhinolaryngelogical diagnosis.
Today there are ne objective methidls o assess this
prablem. Therefore, it 15 necessary o pay atbention o
more delailed conswleration of objective methmsls of
diagnosis af alfactory dystuncivon with a doctor’s point of
wiew [otolarymgologist).

Furpese of werk

The
olfactometry of methids and wals e determane their
potential and the diagnostie value of the detection of
oliactory disorders.

purpase  is  an  amalybieal  review of
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Statemeni of the muin material

For the overall clinical assessment of the state of
thie nose the informatien of stale of elfaction, is certanly
reguired. The adequate stimulus for the organ of smell 15 a
variaty of molecules of odorous substamces [adarants)
Smell receptors are presented mo the olfactoery region,
which includes the sarface of the mucous membrane of
the nasal cavity abowe the upper nosal torbinates and the
apposing part of the nasal septem.

Im 1991, Axel and Buck discoversd a fomily of
approximately 1,000 genes that encede for an equivalent
namber of eliuctory receplors, comespenrding 10 the
larpest famaly of genes in the mammalian  genome.
highlighting their imporiant mole in physiologyv. In the
majority of mammals moest of dhese genes are funchonal,
but in primates the nomber of functional gemes decreases
and is only about 350 an humans, Axel ard Buck Fowmd
that esach olfactory receplor neuron possesses only one
type of adormnt receplor and each receplor 18 specinlized
for o small number of adors. Heooe, a given odorant will
bamd a typical pattern of plfactory receptors [1].

Recent fundamental stedics of the physiological
mechamsms of alfaction showed that the process of
olfactory reception occurs as follows:

1y elfactory reaction occurs as o resull  the
disselution adoran! malecules i an agueous-fal medium
of membrane, covering the olfactory receptors;

2% ench subsiance in accordonce with the theory af
matrices, simulates nerve endings mainly those 1o which
it is closest in meaning their physical and chemical
properiics. i-g. odor molecule as it is imprnted i ils iype
of plfactory receptor matris;

3h actavator of the formation of the smell 3 masal
I RIS

4} charactenstic of smell depends on its adsorption
praperiies;

5h alfactory sensation m a gqualitative sense 15 the
resuli of summation of the olfactory and tngeminal nerves
reaction receptor stimulation. which receptors of which
wre becaled thronghoot the surface of nasal mocosa,

The muecous membrane of the respiratory area s
lined with  cilisted  epitheliom, cilia movement s
"hanished”™ from the nasal cavity mucus and immersed
it dust particles entenng from the inhaled air. scillatien
mirvements of cilia are not directed toward the nostrils.
and in the masopharynx, where shrooded with mucus dust
particles or get inbe the esophagus, or jusi clear your
throat | Z].

Parposefol swdy of olfactory funchon allows o
determine  the crterma Fer  the disgnosis of
destruction of warious paris of the analyzer.

lacal

¥iscussion of the resulix

According to researchers Woeo Seop Kim, Doang
Fyo Jang, In Young Kim the methods for assessing the
olfactory larpely  divaded
psychephysical

funcion are FTHEH

clectrophysiolegical  amd methods.
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Electrophysiological  tests evalaale olfactory  function
based on objective measurement soch as hiosignals and
medical imaging [3]. For example. the total number of
physialogical parameters such as galvanic skin response,
electrocardiogram  cata,  preumogram owe  evaluaie
plfactory dyvsfuncton [%). On the bazis of physialogical
purameters there 15 a method of evaluation af smell,
which mcludes the registration of the backprownd bevel of
pupillary reaction paramelers in response o the light
signal  (pupillograpbhy) and in  companson with
pupillogramm  made after olfactory  stimulation by
pdoranis. [10]. The methed of estimating the human
pltactory activity includes the determinatioen of olfactory
function on the results af the subjective asseszsment of
solwian. [t §s

oviorons  substances in superthreshold

necessary b provide the regisiration of background
potentials of the brain comdect i a relaxed state at half
reclining position af a body examinee with closed eyes in
40 5 abter the beginning of registration of the background
potentials of the hrain.

Using the inhaler Maholda we represent the
plfactory stimulus lavender essential oil in a concentration
of 1: 100 for 3 seconds and T seconds later, the power
speciral density is recorded theta and alpha rhythms in the
frantal and temporal areas of the cerebral corex and
changes allactory activity is defined by the formula:

Ha = Ta+Fy
T+ Fy

where Mo — the olfactary activily:
Tﬁ. = thie averapge value of the theta rhvthm of the
power spectrul density in the temporal region, meV 41Hz;
Fy = the average value af the power spectral

density aof ihe
mc¥ i Hz:

theta rhythm o the frondal  region,

T, = the average value of the alpha rhvthm of the

power spectral density in the temporal region, me¥ */Hz;
F, - the average value of the alpha rhythm of the

power speciral density  in Frontal  region, meV 1z,
wherein at the magnitude of the olfactory activity of .7
cu and more alfactory functien 15 normal, and if the value
of 0.4 and less shows the violation of the olfactory
function, namely, hypazmaa [14].

The psvchophysical inspections  are methads
mastly based oo guestiennaires or simple apparaios.
Mormally, the evaluator presents a fragronce and then
cvaluates  sabjectively  the  subject’s  awarcness  of
smelling [1].

Om the basis of subjective feelings and recognize
pdors the method of the threshoeld olfactometry has been
butlt. The essence of this method s we wuse the three
olfactory substamces, valerian tinciure, acetic acwl and
ammarnia. The selution s prepared with intervals aof

cancentrations of olfactory substance by I-2.5 times {see
table 1}

Table | — The general scheme of quantitative aml
gqualitative study of elfaclory sensitivity

Olfaciory The The Time
subslance amownt cdirmcen trafirns mspeciion,
and [y of elfactary SELC
consistency salatEm substances.
of their usze
. 0, 005; 04 ;
TLTI:__'T_E:F 8 0,025; 0,05; 10-20
i 0; 025,051
0,005 041;
Acetic acil ] 0,025 045, 10=20
0 0;0,25;05;1
0,0005; 04 ;
s 0,002 5, 04HkS;
chloride 11 0,00 ; 0.025; 10=20
05 4, 015 10,25;
o5 1

Each of the prepared soluticns is placed in o glass
bottle of glass tubes with volume abaut WP ml with
cross=seclional area of the neck 064 cm® olfaction
research is carried ouf 91 room temperaiure of solutions
18:22°C and in the following order: tinclure of valenan.
wocetsc acul, ammoniam chberade [11].

The next and ane of the most popular around the
world methisl for assessing of violations of the olfaciory
function 1% Sniffing Sncks test. In the first stage L
the wolfactory threshold m-butanel of 16
solutions 1% used {orange, leather, cimnamaoen, peppermint.

determine

banana, lemun, licornce, turpestine, garlic, ceffee, apple.
clave, pineapple, rase, anise, fish). In assessing the ability
te  discriminate  aebors adorants  iples are wsed o
superthreshold  dilution, while the pabent is asked to
chaase which smell is different From the bwoe other
(hig.2) 5]

In determining the subject™ ahbilsty 1o wlentify the
smell — the patent s propessd in the superthreshold
concentration «of the wdorant and four pessible answers.
At each stage of the study the patient can gain a
maximum af & points, that s, for the time of the stady -
a maximum of 48 points. This imlex 1z defined as
threshald discnmination wlentsfication score (T 1E T
patient scorex 15 or Less, thal he iz believed o have a
functional aresmia. When TDH from [T 10 30 poinls we
conclude the preseoce of the patient hyposmia, TR 30
points and above is considered normal [5, 13=14].

The LUPSIT comprises forty differeot
released by scrafching a panel of microencapsulated
odorants using a pencel lead. For each of the forty smells,

smells

participants must choose an answer from four possible
optiens; anly one is correcl. Booklels condaining  the
smells, foor, each with len smells, are in sealed envelopes
angl o pencil provided (Hhg. 3).




Fig. 2 - Ermiffin " Snicks medkedy ir progress (5]

Data callected on the USA papulation showed that
purticipants” score out of forly was dependent on gender,
uge and smoking stats. A dingnostic ladder was drawn
up and six colepores devised for olfsctery diagnosis
depending on score [6]. This test 1 occasionally judped 1o
have an American cullural bias. There have Bntsh,
Chinese, Fremch, German, [alan, Koerzan aml Spanish
UPEIT versiens made. There are called the Bret (Cross.
Cultaraly Emell ldentificatnon Test. 1t evaluates alfactory
functions wses 12 odor capsules that are familiar with
people from other cultures [2]. The advaniapes of the tesi

are: reliability, low cost, eage ol ase, the possikility of

testing i all conditions, even the self-lest o heme or i
the field.

Feg. - Umiversioy of Pernsylvania Smell fdentification

Test (UPSIT) [6]

The TET wlfactometer (Daichi-Yakuhin, Takyo,
Japan) consists of five test odorants. Each adorant was
diloted into egight leg-step concentration series with either
propyiene glycol or liguid paraffin (grade 5 1o -2}, The
detection threshold is the weakest concentration al which
the stimulus s Hirstly noticed. The concentradion a1 which
a qualitative sensation ix first recognized 1% reconded as
the recegnition threshold [H].

Also researches developed an oltactory display
showmn in figure 4. This display uses the technigque used m
ink-jet printer in order b produce a8 jet which s broken
mia droplets from the small hele in the ink fank. The
display can sefl up an gjection head. This head can store
three small tanks and one large fank, thes this display can
confain 4 kinds of scents maximsm.
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Frg. = (Mfaciory dispiay {7}

Thus, pulse gjection for scent presenfation is able
te minimize eder climination. Measurement algerithm
uses  binary  search. Therefore, might measure the
detectiom threshald at 192 levels in total by changing the
number of stimul taneous egjections and gjection time. For
measurement  resull, might be able 1o quanhify the
detectien threshold. Furthermare, only 5 min s necded
measure the detection thresholds [ 7].

In this article we ane consideced the most popualar
methods for evaluating the degree of olfoctory diserders.
There are some other methadds as well, bul in maost cases
they differ only by odarants, their concentration and the

number of repetibions of fest sludies.
Conclusions

Varoos methods amd devices {(ollactomeier) are
used 1o disgnase slfactory analyxer, but they all have a
numhber of drawbacks: the long duration of the shudy, the
use of objective evidence al the sabjects, the uwse of
olfactory substances that affect the end of the threefokd
nervie, determination of alfactory dysfunction or only
guanistatively or gualitatively only. There are, most of the
methods 1o evaluate elfactory disonders hove a wide range
as well of uses for the diagnosis of vanous disecases,
including mental disorders, brain damage. and nervous
system. Hoewever, within of our preblem, aolfactory
dyvsfunction is necessary lo consider with the problem
connection af the air passage in the heman altactary
system. Therefore, it s expedient b develop a highly
specialized method of assessing olfactary - respiratory
diserders, which would have a high degree of objectiviey
far wse 1n clinical practice of ololaryngologisis. Thus, m
the perspective aof further research it scems necessary be
develop a methed of assessment of olfaciory function an
the hasis of respiratery  parameters  derived  from
rinomanamelry research that will improve the sbjectivity

of conducted rescarches
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