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The intervertebral disc (IVD) is a fibrocar-
tilage structure, the main function of which
is to mitigate the load that occurs between
the vertebral bodies, as well as to provide
flexibility. It consists of 3 main structures:
pulpal nucleus (PN), fibrous ring (FR) and
cartilaginous closing plate. IVD differs from
other connective tissues of the body in that
age-related changes (aging) develop in it at an
earlier age. Age-related changes in IVD, indi-
cating the onset of degeneration, are observed
in adolescents aged 11 years, as evidenced by
histological studies [8, 15].

PN is a gel-like structure that is located in
the center of the IVD and provides flexibil-
ity to the spine. It consists of 66-86 % water,
mainly type II collagen. FR is a disc of fi-
brous connective tissue in the form of a ring
that surrounds the PN. It is a 15-25 stacked
sheets with a “radial layer” of collagen, pro-
teoglycans, glycoproteins and elastic fibers.
The total content of proteoglycans in IVD de-
creases with age, which leads to a decrease in
its hydrophilicity, as well as to changes in the
biomechanical properties of the fibers. Type
IT collagen is replaced by type I collagen fi-
bers within FR and PN. Yellow pigmentation
accumulates in PN, which also makes it less
distinct from FR [13].

Disc degeneration begins with dehydration
of the PN, which leads to an increase in pressure
on the FR. The resistance of FR to compression
forces by PN increases its stiffness and reduces
elasticity. Excessive stress reduces [VD homeo-
stasis. Imbalance in anabolic and catabolic pro-
cesses often leads to an inflammatory reaction,
which further contributes to the development of
degenerative phenomena [9].

It is known, there is another reason to waste
human working hours on the back because of the
infection of the upper dickheads. There will be

5 million young people with disabilities through
osteochondrosis.

Back pain is known to be the second leading
cause of lost work time after an upper respira-
tory tract infection. More than 5 million young
people are disabled due to osteochondrosis. The
L5-S1 spine segment is the most common site
of low back pain. Due to the range of move-
ments and forces acting on this segment, de-
generative processes develop and progress in
it more often [4]. Magnetic resonance imaging
(MRI) revealed degenerative changes in girls
less than 20 years of age with lower back pain.
After 10 years, at re-examining the progression
of the degenerative process was found in 31 %
of patients [7].

The results of MRI [11] suggest the follow-
ing sequence of changes in IVD, indicating its
degeneration: (1) decrease and/or change in sig-
nal intensity from PN; (2) loss of the difference
between PN and FR; (3) convexity of the disc;
(4) reduction of the disk height.

Along with MRI, which is the main method
of IVD imaging, ultrasound (US) may be an ap-
propriate alternative, considering its low cost,
availability and well-known recognition of the
possibility to obtain high-quality soft tissue im-
ages [2, 3].

The purpose of the study is to compare
the diagnostic capabilities of ultrasonography
(USG) and MRI in determining the localization
of lumbar IVD protrusion in adolescents.

Material
and investigation methods

A comparative analysis of USG and MRI
results obtained in 74 adolescent patients
with IVD protrusion of the lumbar spine.
Among investigated persons were 25 girls
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and 39 boys aged 17 to 21. All patients com-
plained of lower back pain. During the exam-
ination by a neurologist, some clinical signs
of osteochondrosis were found. Patients with
a history of spinal injuries. with spinal pa-
thologies according to radiological examina-
tion and the presence of low back pain were
not included in the study. USG of the lumbar
spine was performed at levels L1-L2 to L5-
S1 in sagittal and axial projections. In the
sagittal slice, the height of the IVD was mea-
sured, the condition of the apophyseal zones
was assessed, in the axial section — the struc-
tures of the discs and spinal canal, the nature
of disc changes and protrusion location were
determined.

At the level of the lumbar discs USG was
performed with a convex probe (2-5 MHz) on a
Philips HD-11. MRI was performed on a Mag-
netom Aera 1.5T according to standard study
protocols.

Results and discussion

According to the results of MRI in 1
(1.4+1.4 %) case protrusion was localized at
the level of L1-L2, in 5 (6.7+£2.9 %) — at the
level of L2-L3, in 16 (21.6+4.8) — at the level
of L3-L4,in 27 (36.5 £ 5.6%) — at the level of
L4-L5 and in 25 (33.8+£5.5 %) cases — at the
level of L5-S1. Lumbar disc protrusion at the
levels L4-L5 and L5-S1 occurs significantly
more often than at the level L3-L4 (p <0.05)
and L2-L3 (p<0.001) (Table 1).

Table 1.

Distribution of MRI and USG results for the
diagnosis of protrusion considering the level
of lumbar intervertebral discs.

Level of Disc protrusion (n=74)

fumbar MRI USG
disks n =74 n =72
LI-L2 | 1(1,4+14%) | 1(1,4+1,4%)
L2-L3 | 5(6,7+2,9 %) 5 (6,8+2,9 %)

L3-L4 | 15(20,3 4,6 %) | 15 (21,6+4,8 %)
L4-L5 | 27(36,5+5,6 %) | 26 (35,1£5,5 %)
L5-S1 |26 (35,1 £5,5%) |24 (32,4 5,4 %)

Coincidence of MRI and USG results was
noted in 72 (97.3 %) cases. In two patients USG
picture of protrusion L4-L5 and L5-S1 was in-
terpreted as a possible hernia, since the frag-
mentary image of the refined FR was registered
(Table 1).

According to the results of MRI, the central
localization of lumbar disc protrusion was reg-
istered in 31 (41.9+£5.7 %), paramedial — in 29
(39.24+5.7 %) and foraminal — in 14 (18.9+4.5
%) cases. On US, protrusion was assessed as
medial in 30 (40.5+£5.6 %), paramedial — in 28
(37.845.6 %) and foraminal — in 14 (18.9+4.5
%) patients. In one case, medial protrusion at
USG was regarded as paramedial, in another
case, paramedial protrusion — as foraminal. In
one case, paramedial protrusion at the level
of L4-L5 and foraminal at the level of L5-
S1 at USG was assessed as a disc herniation
(Table 2).

Table 2.

Localization of lumbar disc protrusion in-
side the spinal canal according to MRI and
USG.

Localization Disc protrusion (n=74)
of protrusion | MRI (n=74) | USG (n=72)
i 31 (41,9+ 30 (40,5+
Medial 5.79%) 56%)

- 29 (39,2+ 28 (37,8+
Paramedial 5.7 %) 5.6%)
Foraminal 14 (18,9+ 14 (18,9+

4,5 %) 4,5 %)

The most correct comparison of MRI and
USG results is observed on axial slices. For
this purpose, T1 MRI images are better suit-
ed, as strong signals from different structures
of the vertebromotor segment are registered
in light, and weak — in dark tones. Lumbar
discs were visualized with convex probes (2-5
MHz) through the anterior abdominal wall.
At the navel level, the L3-L4 disk was visu-
alized, above the navel — L2-L3 and L1-L2,
and below — L4-L5 and L5-S1, respectively.
At USG and MRI in the center of IVD PN is
visible, behind its perimeter — FR. Both have
a homogeneous structure without additional
signals (Fig. 1-3).
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Fig. 1. Schematic and USG image of the lumbar disc L3-L4. The arrows from top to bottom show:
fibrous ring, pulpal nucleus, spinal cord, spinal nerve (lateral arrow), yellow ligament.

Fig. 2. MRI image of the normal lumbar disc Fig. 3. The same. USG image of a normal
L4-L5. lumbar disc L4-L5.

18 http://www.nbuv.gov.ua



RadiationiDiagnostics;iBadiation sl nerapy; #s;Vol il 282021

Table 3.

Indicators of degenerative disk changes of according to MRI and USG.

Indicators of degenerativedisk changes

MRI (n=74) USG (n=72)

from PN

Enhancement of signals (or increase of echogenicity)

61 (82,4 + 4,4 %) 56 (77,8 + 4,9%)

PN microcalcification

32 (43,2 £ 5.8 %) 35 (48,6 £ 5,7 %)

PN displacement towards FR

43 (59,7+5,6 %)

31 (41,9 £ 5,7 %) 520,03

FR thinning

56 (75,7 £ 5,9 %) 53 (73,6+5,3 %)

Reduction of spinal channel sagittal size

17 (23,044.,9 %) 18 (25,045,1 %)

In the comparative assessment of degenera-
tive changes of the discs by MRI and USG we
took into account: 1) echogenicity of PN; 2)
presence of calcification areas and their size; 3)
shift of hyperechoic PN towards FR; 4) thinning
of FR; 5) narrowing of the spinal canal on the
protrusion side (Table 3).

Amplification of signals (or increase in
echogenicity) from PN was detected on MRI
in 61 (82.4+4.4 %), on USG — in 56 (77.8+4.9
%) cases; calcification of PN —in 32 (43.2+5.8
%) and 35 (48.6 £ 5.7%); displacement of

hyperechoic PN — in 31 (41.9+£5.7 %) and 43
(59.7£5.6 %) (p<0.05); thinning of FR — in 56
(75.7£5.9 %) and 53 (73.6+£5.3 %); reduction
of the sagittal size of the spinal canal — in 17
(23.0+4.9 %) and 18 (25.0+£5.1 %) cases, re-
spectively. On MRI and USG, protrusion of
the disc toward the spinal canal or spinal nerve
root canal more than 2 mm without violation
of the integrity of the FR image from the con-
ditional demarcation line between the posterior
disc contour and spinal canal was the main sign
of disc protrusion (Fig. 4-8).

Fig. 4. USG-visualization of L5-Sprotrusion. Displacement of the hyperechoic pulpal nucleus
posteriorly (upper arrow), thinning and left paramedial-foraminal protrusion of the fibrous ring
together with the disc (on the left). The unaltered disk L3-1L4 is visualized on the right.
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Fig. 5. MRI visualization of the L4-L5 left-
side paramedial-foraminal protrusion (arrow).

Fig. 6. The same. USG-visualization of the
L4-L5 left-side paramedial-foraminal protru-
sion (arrow).

Fig. 7. Axial MRI image. Left-side foraminal
protrusion of the disc L5-S1 (arrows).

As the most common method of radiologi-
cal diagnosis, X-ray allows to assess mainly
bone structures, but does not visualize IVD,
spinal cord, spinal nerves and ligaments. Cur-
rently, MRI is the main diagnostic method
of degenerative changes in IVD. It should

Fig. 8. The same. Axial USG image. Left-side
foraminal protrusion of the disc L5-S1 (arrows).

be noted that high-frequency microconvex
probes provide a high-quality image of the
motor segment of the spine.

Studies [1, 14] conducted with MRI in
the athletes who participated in the Sum-
mer Olympic Games demonstrated a high in-
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cidence of degenerative changes in lumbar
IVD. The clinical significance of these stud-
ies suggests that Olympic athletes have more
severe lumbar spine osteochondrosis than
non-athletes, who may have long-term signs
of early degenerative changes in the discs,
namely pain, vertebral instability, neurologi-
cal disorders [1, 14]. Previously published
scientific studies indicate a high frequency
of degenerative changes L4-5 and L5-S1 in
athletes. This is due to the high intensity of
training, the presence of a large axial load on
these parts of the spine [12].

Literature analysis on the ultrasound ap-
plication for the diagnosis of spinal patholo-
gies demonstrates that so far there are very
few publications on this topic in peer-reviewed
journals [6]. Most of the publications are de-
voted to the ultrasound imaging of the spine in
newborns, the use of ultrasound for navigation
and administration of drugs at chronic back
pain [10].

Our investigations demonstrated that
discs L3-L4, L4-L5, L5-S1 most often un-
dergo degenerative changes. At the L3-L4,
L4-LS5 level, the image quality of the discs
with high-frequency microconvex probe was
better than with MRI. In obese patients, the
image of the discs was slightly worse than in
thin patients.

Conclusion

USG is a cheap, non-invasive and informa-
tive method of primary screening in young
patients with back pain, and this study can be
applied to diagnose degenerative lumbar disc
disease along with MRI, especially when it is
not available.

The research was conducted in accordance
with the principles of bioethics set out in the
WMA Declaration of Helsinki — “Ethical prin-
ciples for medical research involving human
subjects” and “Universal Declaration on Bio-
ethics and Human Rights” (UNESCO).

Conflict of interest information. The au-
thors declare no conflicts of interest related to
the publication of this article.
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ULTRASONOGRAPHIC
DIAGNOSTIC OF LUMBAR DISC
PROTRUSION IN ADOLESCENTS:
COMPARISON
WITH MRI RESULTS

R. Abdullaiev, I. Mamedov

Degenerative changes in the discs begin al-
ready in childhood, as evidenced by histologi-
cal studies.

Purpose — to compare the diagnostic capa-
bilities of US and MRI in identifying and de-
termining the localization of protrusion of the
lumbar intervertebral discs in adolescents.

Materials and methods. The study involved
74 patients with protrusion of the lumbar inter-
vertebral discs aged 17-21 years: 25 (33.8 %)
girls and 39 (66.2 %) boys. All patients com-
plained of pain in the lower back, and when
examined by a neuropathologist, some clinical
signs of osteochondrosis were revealed. USG
of the lumbar spine was performed with a con-
vex transducer with a frequency of 2-5 MHz
at levels from L1-L2 to L5-S1 in sagittal and
axial projections. MRI was performed on a
Magnetom Aera 1.5T apparatus with standard
research protocols.

Results. According to the results of MRI at
the L4-L5 level, protrusion was localized in 27
(36.5 £ 5.6%) cases, at the level of L5-S1 — in
26 (35.1 £ 5.5 %) cases — significantly (P <0,
05) more often than at the level of L3-L4, L2-
L3 i LI-L2 (P <0.001), respectively. The co-
incidence of the results of MRI and USG took
place in 72 (97.3 %) cases. In two cases of
USG, the picture of L4-L5 and L5-S1 protru-
sion was interpreted as a hernia.

According to the results of MRI, medial lo-
calization of disc protrusion was recorded in
31 (41.9 £ 5.7 %) cases, paramedial — in 29
(39.2 + 5.7 %), and foraminal — in 14 (18.9 +
4.5 %) cases, and with USG — in 30 (40.5 +
5.6%), 28 (37.8+ 5.6 %) and 14 (18.9 £ 4.5 %)
cases, respectively.

Strengthening of signals (or increased
echogenicity) of the nucleus pulposus (NP)
was detected on MRI in 61 (82.4 + 4.4 %)
cases, on USG in 56 (77.8 = 4.9 %) cases;
calcification of the NP in 32 (43.2 + 5.8 %)
and 35 (48.6 £ 5.7%); mixing of hyperecho-
genic NP - in 31 (41.9 £ 5.7 %) and 43 (59.7
+ 5.6%) cases (P <0.05); FR thinning — in 56
(75.7 £ 5.9 %) and 53 (73.6 £ 5.3 %) cases;
decrease in the sagittal size of the spinal canal
—in 17 (23.0 £4.9 %) and 18 (25.0 = 5.1 %)
cases, respectively.

Conclusion. USG is a cheap, non-invasive
and informative method for the initial exami-
nation of adolescent patients with back pain,
and it can also be used to diagnose degenera-
tive disc disease of the lumbar spine along with
MRI, especially in cases where the use of the
latter is not available.
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USG can be an alternative method for diag-
nosing lumbar disc protrusion.

Keywords: Spine, Sonography, MRI, lumbar
Disc Degeneration, protrusion.

YJIBTPACOHOI'PA®IYHA
JIATHOCTHUKA MMPOTPY3II
HOIMEPEKOBOI'O INUCKA
Y HIJIITKIB: 3ICTABJIEHHSA
3 PE3YJIBTATAMMUW MPT

P A. A6oynnaes, 1.I" Mameoos

JlerenepaTuBHI 3MiHU B MDXKXPEOIIEBUX JTUC-
kax (IVD) mounHaroThcs BXXKe y QIUTAUYOMY Billi,
Ipo IO CBiAYaTh PE3YJIbTAaTH TiCTOJOTIYHUX
OCIIKEHb.

MeTa aocaixeHHs1 — MOPIBHATH JTiarHOC-
THYHI MOXIHUBOCTI ynbTpacoHorpadii (YCI)
Ta MarHiTHO-pe3oHaHCcHOI Tomorpadii (MPT)
y BH3HAUCHHI JOKaxi3aii mpoTpy3ii momepe-
KOBHX MIKXpeOIeBHX IUCKIB B 0Ci0O IOHAIlb-
KOTO BiKY.

Martepiaau i merogm. OOcrtexeno 74
oci6 3 mpotpy3siero nomnepekoBux VD Bikom
Bix 17 no 21 poky: 25 (33,8 %) aiBuat Ta 39
(66,2 %) xmonuiB. Yci Nai€eHTH CKapKUITUCS
Ha Oi7b y HMOXKHIA YaCTHUHI CIIUHU, MiJ Yac
OTJISIY HEBPOIMATOJOTOM Yy HHUX OYyJO BUSB-
JeHO NEesAK1 KIiHIYHI 03HAKH OCTEOXOHAPO3Y.
YCI' nonepekoBoro Biaainy xpeOra mpose-
JIEHO KOHBEKCHUM JaTYMKOM 3 4aCTOTOIO 2-5
MTI'n Ha piBHsax Big L1-L2 mo L5-S1 y cari-
TanbHINA Ta akcianpHid mpoekmisx. MPT Bu-
KOHyBaJiacs Ha anapari Magnetom Aera 1,5T
BIAMOBIJTHO JO CTaHJAApPTHUX MPOTOKOJIB J10-
CII1I)KEeHHS.

Pesyabratn. 3a pesynsraramu MPT Ha
piBHl L4-L5 mpotpy3sis nokanizyBanacsa y 27
(36,5£5,6 %) Bunankax, Ha piBHi L5-S1 —y 26
(35,1+5,5 %), npuaomy poctoBipHo (p<0,05)
yacrime, Hik Ha piBHI L3-L4 (y 15 ( 20,3+£4,6
% ) mamientiB), L2-L3 1 L1-L2 (p<0,001) Bin-
noBigHo. 36ir pesynprariB MPT ta YCI Big-
3HauaBcsa y 72 (97,3%) Bumagkax. Y DBOX BH-
naakax YCI' kapruna nportpy3ii L4-L5 1 L5-S1
TpakTyBajacs siK TpUxkKa.

3a pesyapraramu MPT wmepgianbHa JoKa-
Ji3aiisa npotpysii Aucka peectpyBanacs y 31

(41,9 £ 5,7 %) Bunaaky, napameaiaibHa —y 29
(39,2 +£5,7 %) ta popaminanpaa —y 14 (18,9 +
4,5 %) , anpu YCI' —y 30 (40,5+5,6 %), y 28
(37,8+£5,6 %) Tay 14 (18,9+£4,5 %) namieHTiB
BIJIITOBIIHO.

[Tocunennss cur"amiB (abo MiABUIICHHS
€XOreHHOCT1) Big mynbno3Horo sapa (PN) Bu-
saBiaeHo Ha MPT-300paxenni y 61 (82,4+4,4
%), na YCI' — y 56 (77,844,9 %) Bunaukax;
kanprudikamis PN —y 32 (43,2+£5,8 %) ta y
35 (48,6£5,7 %); 3MilEHHS TIMEPEXOTEHHOTO
PN —y 31 (41,945,7 %) T1a 43 (59,7+5,6 %)
(p<0,05); croHueHHs (iOPO3HOr0 KUIbLS — Y
56 (75,7£5,9 %) Ta 53 (73,6£5,3 %); 3meH-
IIEHHS CariTajJbHOrO pO3Mipy XpeOeTHOTo Ka-
Hany —y 17 (23,0+4,9 %) ray 18 (25,0+5,1 %)
BIJITOBIIHO.

BucnoBku. YCI € nemeBuM, HE1HBa3HBHUM
Ta 1HQOpPMAaTUBHUM METOAOM NEPBHUHHOIO 00-
CTE)XCHHsI TAaIli€HTIB IOHALBKOTO BIKY 3 OoJiemMm
y CHHHI, TaKOX 1€ JOCIIIKEHHS MOXE OyTH
BUKOPUCTAHE [JI J1arHOCTUKHU JereHepaTuB-
HOi XBOPOOM JUCKIB IMONEPEKOBOTO BiIIiTy
xpebta nopsin 3 MPT, ocobnuBo y BUMaakax,
KOJIM 3aCTOCYBAaHHS OCTaHHBOTO HEJOCTYIHE.

Knrouoesi cnosa: xpeber, ynbrpaconorpadis,
MarHiTHO-pe30HaHCHa ToMmoTrpadis, IereHepa-
i TUCKA MOMEPEKOBOTO BiiNTy, TPOTPY3isl.

YIABTPACOHOT PAONYECKAS
JAUATHOCTHUKA ITPOTPY3UHU
HOACHUYHOI'O JUCKA
Y IIOAPOCTKOB: COITIOCTABJIEHHUE
C PE3VYJIbTATAMU MPT

P A. A6oynnaes, U.I. Mameoos

JlerenepaTuBHbIE U3MEHEHUS B JAUCKax Ha-
YUHAIOTCA yKE B IETCKOM BO3pacTe, O YEM CBU-
JETENbCTBYIOT PE3YJIbTAaThl T'MCTOJOTMYECKUX
HWCCIIEIOBAaHUM.

Hesap Hccae0BAHUA — CPAaBHUTH IHArHO-
CTHYECKHE BO3MOXXHOCTH YIbTpacoHOTpaduun
(YCT') u MarHUTHO-PE30HAHCHOUN TOMOTrpaduu
(MPT) B ompeneneHuu JIOKaIU3aUuud IPOTPY-
3UM TOSICHUYHBIX MEXIO3BOHKOBBIX JIHUCKOB
(MII[I) y nu1l roHOIIIECKOTO BO3pacTa.

Marepuaasl u Metoabl. OOcinenoBansl 74
NalUeHTa ¢ NpoTpy3ued noscHudHbiXx MIIJ]
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B Bo3pacte oT 17mo0 21 ronma: 25 (33,8 %) ne-
Bymek u 39 (66,2 %) napueii. Bce mamueHTsl
’KaJoBaluch Ha 00Jb B HUIKHEH YacTH CIUHBI,
IpU OCMOTPE HEBPONATOJOrOM Y HHUX OBLUIH
BBISIBJIEHBl HEKOTOpPbIE KIWHUYECKHE INpHU3HA-
KU ocTeoxoHapo3a. YCI' mosicHU4HOTO OTaeNa
MO3BOHOYHHMKA MTPOBEICHA KOHBEKCHBIM JTaTYH-
KOM ¢ yactoror 2-5 MI'm Ha ypoBHsx ot L1-
L2 nmo L5-S1 B carutrTtajgbHON M akcHaJIbHOU
npoekuusax. MPT BeimonHsiace Ha anmapare
Magnetom Aera 1,5T B COOTBETCTBHUM CO CTaH-
JNapTHBIMU MPOTOKOJIAMHU UCCIIEIOBaHHUS.

PesyabTraTrsl ucciaenoBanus. [lo pesynb-
tataM MPT Ha ypoBHe L4-L5 nporpy3us no-
kanuzoBanach B 27 (36,5£5,6 %) cinydasx, Ha
ypoBHe L5-S1 — B 26 (35,1+£5,5 %) nocto-
BepHO (p<0,05) vame, yem Ha ypoBHe L3-1L4,
L2-L3 u L1-L2 (p<0,001) coOTBETCTBEHHO.
Cosnagenue pesyabratoB MPT u YCI' orme-
gaioch B 72 (97,3 %) cnyuasx. B aByx ciyda-
ax YCI' kapruna nporpy3uun L4-L5 u L5-S1
TpaKkTOBaldach Kak I'PhIXKa.

[To pesynsratam MPT menuanbHas nokanu-
3alMsl TIPOTPY3UHU JUCKA pEerucTpupoBaiach B
31 (41,9 £5,7%) cnyuyae, napameuanbHas — B
29 (39,2 + 5,7 %) u dbopamunanpHas — B 14
(18,9+4,5%),anpu YCI' —y 30 (40,5£5,6 %),

28 (37,8+5,6 %) u 14 (18,9+4,5 %) nanueHTOB
COOTBETCTBEHHO.

VYcunenue cUrHajioB (MM MOBBIIMIEHUE 3XO-
FeHHOCTHU) nyibno3Horo sapa (PN) BbeisiBiIeHO
Ha MPT B 61 (82,4+4,4 %), na YCI' — B 56
(77,8€4,9 %) cnyuasx; xampiudpuramus PN —
B 32 (43,2+5,8 %) u B 35 (48,6+5,7 %); cMme-
mieHne runepexorennoro PN — B 31 (41,9+5,7
%) u B 43 (59,74£5,6 %) (p<0,05); ucronuenue
¢ubposnoro konbmna — B 56 (75,7£5,9 %) u B
53 (73,6+5,3 %); yMeHBbIIIEHHE CaruTTalb-
HOTO pa3Mepa MO3BOHOYHOrO KaHajia — B 17
(23,0+4,9 %) u B 18 (25,0£5,1 %) coorBer-
CTBEHHO.

BriBoabl. YCI' saBisieTcst genieBbIM, HEHH-
Ba3UBHBIM U MH(POPMATUBHBIM METOIOM IIiep-
BUYHOTO OOCJeIOBaHUS MAalMEHTOB IOHOIIE-
CKOT0 BO3pacTa ¢ OOJISIMH B CIIMHE, TAKXE ITO
HCCJICIOBAHUE MOXKET OBITh MCITOJIB30BAHO IS
JTUATHOCTHKHU JeTeHEpaTUBHON OOJE3HU JHC-
KOB IOSICHUYHOTO OTJIejIa IT0O3BOHOYHUKA HaAPS-
ny ¢ MPT, oco6eHHO B citydasx, KOT/la HCITOJIb-
30BaHUE MOCJICTHETO HEOCTYITHO.

Kniwouesvie cnosa: 1mo3BOHOYHUK, YIbTpa-
coHorpadusi, MarHUTHO-pPE30HAHCHAs TOMO-
rpadus, gereHepainusi MOSICHUYHOTO JIMCKA,
NpOTPYy3HUsl.

24

http://www.nbuv.gov.ua



