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RADIONUCLIDE DIAGNOSTICS OF JOINT INJURY IN PATIENTS WITH DIABETES
V. Orlenko, K. Ivaskiva, G. Zubkova

Ilepexonnusux egpekmugnux cnocodie pannvoi diacHoCMuKU ypasicets cy2nodieé Ha cbo200Hi 6kpati mano. Penm-
2€HONO2IYHT 3MIHU HA PAHHIX CMAdiax X6opoou 8i0CYmHI, iHuL 1ab0pamopui mecmu He cneyughiuni i He 3a82cou
KOpeniooms 3 akmugHICmIO 3anaibHo20 npoyecy.

Memoto pobomu 6yn0 8usueHHsA 3a OONOMO200 PAJIOHYKIIOHO20 Memoody CHAHY apmepiaibHO20 Ma 8eHO3HO20
KPOBOMOKY, HAAGHOCMI 3aNANbHUX NPOYECi6 6 001ACMI KOIIHHUX MA 20MIIKOBOCIYNHEGUX CY2100aX Y X60pUX HA
yykposuti diabem 1 ma 2 muny.

Mamepianu ma memoou. Obcmedxcero 152 xeopux Ha yykpoguil diabem. B 3anedxcrnocmi 8i0 muny yykpogozo 0i-
abemy xeopi 6ynu posnodineni Ha 06i epynu — 58 nayienmie oyau 3 yykposum oiabemom 1 muny (19 wonosikie ma
39 xcinok), 3 yykposum diabemom 2 muny — 94 nayiecumu (19 wonosixie ma 51 scinka). Cepeowniii 8ik x6opux 6 epyni
3 yyKkposum diabemom 1 muny cmanosus 42,3+1,8 poku, mpusanicms yykposozo oiabemy —21,1+1,3 poku. B epyni
3 YyKposum oiabemom 2 muny cepeoHiul 8ixk xeopux cmanosus 61,3+1,0 poxu, mpusanicme yykposoco diabemy —
13,1£0,9 poxis. Ceped obcmedicenux x6opux Ha yykposuii oiabem 1 mumny apmponamis 0yna 0iazHOCMO8aHa y
34 (58,6 %), konmponvHoio 2pynoio cyeyeanu nayienmu oe3 ypadicenis cyenooie — 24 (41,4 %). ¥ xeopux na yykposuii
Oiabem 2 muny apmponamiio eusignenoy 68 (72,3 %) obcmedcenux, namonoeii cyanooie e oyno y 26 (27,7 %) xeopux.
Memoo padionyknioHoi diazHOCMUKY HUNMCHIX KIHYIBOK CKAAOABCA 3 080X MEMOOUK: padioHyKIIOHOI anzioepaii
ma padionyKknionoi cyunmuepagii.

Pezynomamu. Ilpu npogedenti padioHYKIIOHUX OOCHIONCEHb 2eMOOUHAMIKU Y X8OPUX HA YYKposuil Oiabem
1 muny 3 apmponamismu 8 NOPiGHAHHI 3 X60pUMU 6e3 YpadiceHHs Cy2100i6 8i0CYMHI 3MIHU KPOBOMOK) 8 CYOUHAX
8EUKO20 I CepeOHbO20 KANiOpY, a MaKoic apmepionax i KAniiapax HUMCHIX KiHYi60OK Npu HAAGHOCMI 8UPANCEHUX
nopyuenb 6eH03H020 8I0MoKY. [nsa xeopux na yykposuil oiabem 2 muny iz apmponamiamu 6UsA6J1eHO 3HAYHe YNo-
BIIbHEHHSL WUBUOKOCII KPOBOMOKY 8 CYOUHAX 8EIUKO20 | CepeOHbO20 KANIOPY, a MAKOXMC apmepionax i Kaniiapax,
Wo CynpoBoOdHCYEMbC NOPYULEHHAM BEHO3HO20 GIOMOKY.

Bucnosku. 3acmocosanuil memoo padioHyKaiOHOI 0iaeHOCMUKU CMAHY KPOBOMOKY mda HAseHOCcmi Oiabem-
acoyiiioganoi apmponamii KOIHHUX MA 20MIIKOBO-CMYNHEe8UX Cy2n00i8 npu 00HOPA3080M)y 66e0eHHi padio-
Gapmnpenapamy € 00HUM 3 HAUIHGOPMAMUBHIWUX MemOOi8 PAHHLOI 0IaeHOCMUKU 3A3HAYeHOi namonoaii, a
NOPYUIeHHSI 6EHO3HO20 GIOMOKY NpU HE3MIHHOMY apmepianbHOMy KPOGOMOKY Y X60pUX HA YyKposuil oiabem
1-20 muny moowce 6ymu ougepenyitinum Kpumepiem diabem-acoyitiosanoi apmponamii y X60pux Ha YyKpoeull
diabem 1 ma 2 muny

Knrouoei cnosa: yykposuii diabem, diabem-acoyiiiosana apmponamis, padiocyunmuepaqhis, cyOuHHi noOpyuleHHs,
Gaxkmopu pusuxy, eemMoOUHaMiKa
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1. Introduction
Nowadays, the issue of early diagnosis of joint pa-

The arsenal of instrumental methods for diagnos-
ing joint lesions is quite large, but not all of them are

thology in patients with DM remains extremely important:
in most cases, the patient can not specify the time and
cause of symptoms. Quite a long time of the disease, even
in the presence of histopathological changes and radio-
graphic signs has an asymptomatic course. Early diagnosis
and timely effective treatment are considered as compo-
nents of comprehensive rehabilitation of patients, includ-
ing arthropathy in combination with DM [1-3]. The vari-
ability of the onset of most joint diseases, the similarity
of symptoms in the early stages of joint pathology, the
lack of clear diagnostic criteria for various forms of ar-
thropathy in the onset force specialists to look for certain
clinical signs, laboratory or instrumental markers that
allow early stages selection of adequate and timely ther-
apy to provide a more favorable outcome and social
prognosis [4—6].
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equivalent in terms of information. Thus, radiological
methods of research are indicative in the late stages of
the disease, radiological — give an idea of the localization
of areas with increased blood flow, but are not specific.
The introduction into clinical practice of sensitive and
accurate methods of radionuclide diagnosis has expand-
ed the possibilities of detecting preclinical stages of dia-
betic arthropathy [7, §].

Advances in nuclear medicine and technology in
recent years, due to the use of scintillation gamma cam-
eras with computers and osteotropic radiopharmaceuti-
cals (RPH), labelled with short-lived isotopes, allowed to
obtain high-quality images of the skeletal system with
minimal radiation exposure to the patient, and also made
it possible to make diagnostic observations of damage to
the skeletal system of any origin [9]. The most important
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diagnostic information in radionuclide examination of
bones using phosphate or phosphonate complexes labelled
with 99 tons of technetium (99 pTs) can be obtained by
performing two-, three-phase scintigraphy [4, 9, 10]. The
first phase is the stage of blood flow assessment, the sec-
ond is the assessment of soft tissue blood supply, and the
third is the scintigraphic examination of skeletal bones.
Increased accumulation of RPH in bone tissue is observed
in areas with high osteoblastic activity, which includes
inflammation, which is characteristic of joint damage.

Radionuclide research methods have recently been
widely used in clinical practice, but in the literature we
have found only a few publications on their use in joint
diseases in patients with diabetes [4, 5, 10].

The aim of our work was to study with the help of
radionuclide method the state of arterial and venous blood
flow, the presence of inflammatory processes in the knee
and ankle joints in patients with DM 1 and 2 types.

2. Materials and methods

The study was conducted on the basis of SI “V. P. Ko-
misarenko Institute of Endocrinology and Metabolism of
the National Academy of Medical Sciences of Ukraine”
within the research “Develop an algorithm for diagnos-
ing vascular lesions in patients with overweight and
obesity on the background of carbohydrate metabolism
disorders” 2017-2019. The study followed the principles
of bioethics: the main provisions of the Council of Eu-
rope Convention 04.04.1997), GCP (1996), the Helsinki
Declaration of the World Medical Association on the
ethical principles of scientific medical research with hu-
man participation (1964-2000) and the order of the Min-
istry of Health of Ukraine No. 281 of 01.11.2000. All
surveyed persons personally and voluntarily signed an
informed consent to participate in the study. The study
was approved by the Commission on Biomedical Ethics
of “V. P. Komisarenko Institute of Endocrinology and
Metabolism of the National Academy of Medical Scienc-
es of Ukraine” (Minutes No. 8 of April 14, 2016).

152 patients with DM were examined. Depending on
the type of DM, patients were divided into two groups —
58 patients were with type 1 DM (19 men and 39 women),
with type 2 DM — 94 patients (19 men and 51 women).
The average age of patients in the DM 1 type group was
42.3+1.8 years, the duration of DM — 21.1+1.3 years. In
the DM 2 type group, the average age of patients was
61.3+1.0 years, the duration of DM was 13.1+0.9 years.

The mean age of patients with type 1 DM is ex-
pected to be lower than in the group of patients with type
2 DM (p<0.001). The duration of DM is lower in the
group of patients with DM 2 type (p<0,001). No differ-
ences in gender were found.

Among the examined patients with DM 1 type ar-
thropathy was diagnosed in 34 (58.6 %), the control group
were patients without joint damage — 24 (41.4 %). In patients
with DM 2 type arthropathy was found in 68 (72.3 %)
subjects, joint pathology was not in 26 (27.7 %) patients.

The method of radionuclide diagnosis of the lower
extremities consisted of two methods: radionuclide angi-
ography and radionuclide scintigraphy.

The studies were performed on a scintillation
gamma camera G G C 301 T S K T B “Horizon” with a
low-energy general purpose collimator. Data were re-
corded using the Antics program to collect information,
which was then processed using the Spect Works software
package. The condition of the vascular and skeletal system
of the joints was studied using methylenediphosphonate
manufactured by Polatom (Poland). The examination was
performed in the supine position, the gamma camera de-
tector was centered so that the knee or ankle joints came
into view. In the elbow vein of the patient when applied to
the forearm cuff sphygmomanometer, the pressure in
which is brought to 200 mm Hg, was injected radiophar-
maceutical (RPH) 99m sodium T-pertechnetate with an
activity of 500-600 MBq in a volume of 0.8—-1 ml and
performed recording an angiogram of the knee or ankle
joints. The program provides registration of 60 frames
for 1 min with the subsequent computer processing ac-
cording to standard programs and allocation of zones of
interest (knee or ankle joints) and reception of curves
“activity — time” in the form of schedules. Qualitative
criteria for assessing the hemodynamics of the joints
were: time of complete blood flow (CBF), s; time of rapid
blood flow (TRBF), which characterizes the blood flow
in the vessels of large and medium caliber of the lower
extremities, in the knee or ankle joints, s; time of slow
blood flow (TSBF), which characterizes the blood flow
in the arterioles and capillaries of the lower extremities
in the knee or ankle joints, s, and venous outflow effi-
ciency (VOE), which is calculated as the ratio of the dif-
ference between maximum and minimum amplitude
amplitude (in imp./s) [6]. Radionuclide osteoscintigraphy
was performed 2.3-3 h after administration of 99mTc-
methylenediphosphonate. The gamma camera detector
was centered on the joints. Scintigram recording was
completed automatically after the accumulation of
200,000 pulses. The processing of the results on the com-
puter consisted of contrasting, smoothing, selection of
areas of interest with subsequent determination of the
area, average and total activity of the lesion and symmet-
rical unaffected area, as well as the percentage of asym-
metry between them. Criteria for evaluating the data of
osteoscintigraphy of the knee joints were: average and
total activity (imp./s), as well as the percentage of asym-
metry of the total activity between the affected and unaf-
fected knee [4].

Statistical processing of the obtained data was
performed using the methods of variation statistics of the
standard package for statistical calculations Statistica 5.0
Microsoft OffiseExel 2003. The paper presents statistical
indicators of mean values (denoted as M), as well as the
standard deviation (SD), the standard error of the mean
value (m). Student’s t-test was used to compare the mean
absolute values in different study groups. The difference
in the obtained results was considered statistically signif-
icant at the value of p<0.05.

3. Results
Studies show that in patients with DM 1 type with
DA with localization in the knee joints compared with

35




Scientific Journal «ScienceRise: Medical Science»

Ne 4(37)2020

patients with DM 1 type without joint damage there are
no changes in blood flow in vessels of large and medium
caliber (average levels of CBF and TRBF probably did
not differ, p>0.05), as well as in the arterioles and capil-
laries of the lower extremities (no significant difference
TSBF was detected, p>0.05) in the presence of severe
venous outflow disorders (a probable difference in mean
VOE values, p<0.001) (Table 1) .

In the analysis of radionuclide studies of hemody-
namics of the lower extremities under the conditions of
localization of DA in the ankle joints in patients with DM
1 type it was found that in patients with DM1 type with
DA in comparison with patients with DM 1 type without
joint damage also no changes in blood flow both in ves-
sels of large and medium calibre (average levels of CBF
and TRBF probably did not differ; p>0.05), and in arteri-
oles and capillaries of the lower extremities (no probable
difference TSBF was detected; p>0.05) in the presence of

severe venous disorders outflow (a probable difference in
the average values of VOE; p<0.001) (Table 2).

In patients with DM 2 type with localization of DA
in the knee joints, a probable increase in blood flow time
was found in vessels of large and medium calibre
(CBF, p<0.01; TRBF, p<0.01), in arterioles and capil-
laries (TSBF, p<0.01). Against the background of im-
paired blood flow in the arteries also revealed a violation
of venous outflow (VOE, p<0.01) (Table 3).

Patients with DM 2 type with localization of DA
in the ankle joints revealed similar vascular disorders as
in patients with DM 2 type with localization of DA in the
knee joints — a probable increase in blood flow time in
vessels of large and medium calibre (CBF, p<0.01; TRBF,
p<0.01), in arterioles and capillaries (TSBF, p<0.01).
Against the background of impaired blood flow in the
arteries also revealed a violation of venous outflow
(VOE, p<0.01) (Table 4).

Table 1
Radionuclide indicators of hemodynamics of knee joints in patients with DM 1 type (M+m)
. CBFE, s TRBFE, s TSBE, s VOE, %
Groups of patients
RL LL RL LL RL LL RL LL
Without arthropathy, n=12 | 8.7+1.1 10.5¢1.2 4.7+£0.3 5.1+0.6 4.6+0.9 5.4+1.1 62.0£3.5% | 53.543.1*
With arthropathies, n=17 8.2+1.2 9.3+0.9 4.9+0.4 3.9+0.7 4.5+0.6 3.9+0.8 342432 | 35.943.6

Notes: RL —right limb, LL — left limb; * — the difference is considered significant when comparing the rate between patients without

arthropathy and with its presence, p<0.001

Table 2
Radionuclide indicators of hemodynamics of ankle joints in patients with DM 1 type (M+m)
. CBE, s TRBEF, s TSBFE, s VOE, %
Groups of patients
RL LL RL LL RL LL RL LL
Without arthropathy, n=12 | 11.2+1.1 10.3+1.1 9.7+0.8 8.6+0.6 4.9+0.8 5.8+1.1 43.0£2.5% | 43.543.6*
With arthropathies, n=17 | 13.2+1.4 9.3+0.9 8.9+0.4 9.6+0.9 4.5+0.6 6.7+0.8 29.143.2 | 30.5£2.4

Notes: RL —right limb, LL — left limb; * — the difference is considered significant when comparing the rate between patients without

arthropathy and with its presence, p<0.001

Table 3
Radionuclide indicators of hemodynamics of knee joints in patients with DM 2 type (M+m)
. CBF, s TRBE, s TSBE, s VOE, %
Groups of patients
RL LL RL LL RL LL RL LL
Without arthropathy, n=12 | 14.1£1.5" | 13.3+1.10 | 7.24+0.8" 6.1+0.6" 6.9+1.3 7.1+1.1~ | 75.0£2.9*% | 73.8+£3.1%
With arthropathies, n=17 | 21.842.1 19.3£1.8 10.9+1.1 11.7+1.9 12.8+1.9 10.8+1.4 | 372434 | 38.543.6

Notes: RL —right limb, LL — left limb; " — the difference is considered significant when comparing the rate between patients without

arthropathy and with its presence, p<0.05; * — the difference is considered significant when comparing the rate between patients

without arthropathy and with its presence, p<0.001

Table 4
Radionuclide indicators of hemodynamics of ankle joints in patients with DM 2 type (M+m)
. CBE, s TRBEF, s TSBE, s VOE, %
Groups of patients
RL LL RL LL RL LL RL LL
Without arthropathy n=12 | 16.2+1.3~ | 15.9+1.1* | 9.9£0.7* | 10.6£0.7" | 6.8£079" | 6.9+1.1~ | 58.4+2.1* | 61.3+3.1*
With arthropathies n=17 25.6+1.3 | 28.3+£1.4 | 13.8+0.8 15.6+0.9 9.5+0.6 10.7£0.8 | 33.1+2.2 | 32.0+2.6

Notes: RL — right limb, LL — left limb; ~— the difference is considered significant when comparing the rate between patients without

arthropathy and with its presence, p<0.05; * — the difference is considered significant when comparing the rate between patients

without arthropathy and with its presence, p<0.001
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Therefore, in patients with DM 1 type with ar-
thropathy in comparison with patients without joint dam-
age there are no changes in blood flow in vessels of large
and medium calibre, as well as arterioles and capillaries
of the lower extremities in the presence of severe venous
outflow disorders.

For patients with type 2 DM with arthropathy, a
significant slowing of blood flow in large and medi-
um-sized vessels, as well as arterioles and capillaries, as
evidenced by a probable increase in CBF, TRBF and
TSBEF in the vessels of the feet, accompanied by venous
outflow disorders.

Osteoscintigraphy data show that in patients
with DM 1 type with the presence of DA in the knee
joints there is an increase in both average, p<0.01, and
total activity, p<0.01 (Table 5). A pronounced increase
in the percentage of the asymmetry coefficient
of the total activity of both knee joints, p<0.01, con-

firms the presence of an inflammatory process in the
knee joints.

Osteoscintigraphy data in patients with DM 2 type
with the presence of DA in the knee joints are similar to
those obtained in patients with DM 1 type. We found an
increase in both mean, p<0.01 and total activity, p<0.01. A
pronounced increase in the percentage of the asymmetry
coefficient of the total activity of both knee joints, p<0.01,
confirms the presence of an inflammatory process in the
knee joints of patients with DM 2 type (Table 6).

In the analysis of radionuclide indicators of os-
teoscintigraphy of the ankle joints in patients with DM 1
type, we found an increase in both mean, p<0.01, and
total activity, p<0.01 (Table 7). A pronounced increase in
the percentage of the asymmetry coefficient of the total
activity of both knee joints, p<0.01, confirms the pres-
ence of an inflammatory process in the ankle joints of
patients with DM 2 type (Table 8).

Table 5
Radionuclide indicators of osteoscintigraphy of knee joints in patients with type 1 DM (M+m)
Average activity, imp/s Total activity, imp/s Coefficient of asymmetry, %
Groups of patients
RL LL RL LL RL LL
Without arthropathy, n=12 41.6+£2.3" 42.0£2.3" 16487.0£320.1" | 16640.7+338.4" 106.6£3.3 107.6£2.6"
With arthropathies, n=17 57.744.3 57.8+£3.7 26751.9£2706.9 | 27494.2+2596.1 169.84+22.5 168.9£20.0

Notes: RL — right limb, LL — left limb; ™ — the difference is considered significant when comparing the rate between patients without

arthropathy and with its presence, p<0.05

Table 6

Radionuclide indicators of osteoscintigraphy of knee joints in patients with type 2 DM (M+m)

Average activity, imp/s

Total activity, imp/s Coefficient of asymmetry, %

Groups of patients

RL LL RL LL RL LL
Without arthropathy, n=13 45.1+3.77 43.543.1" 19059.52592.9" | 19203.52413.9" 108.278.6" 107.3+4.4"
With arthropathies, n=32 100.3£5.3 94.2+4.1 28873.2+1475.7 | 26378.3+1506.8 152.5+8.6 155.649.1

Notes: RL —right limb, LL — left limb, " — the difference is considered significant when comparing the rate between patients without

arthropathy and with its presence, p<0.05

Table 7

Radionuclide indicators of osteoscintigraphy of ankle joints in patients with DM type 1 (M+m)

) Average activity, imp/s Total activity, imp/s Coefficient of asymmetry, %
Groups of patients
RL LL RL LL RL LL
Without arthropathy, n=12 58.8+3.8" 55.6+£3.9" | 16470.9£1367.5"| 17012.3£1959.4"|  119.4+5.6" 107.3£4.4"
With arthropathies, n=36 102.6+5.5 115.0+6.6 28808.1+2246.1 | 37140.9£3092.1 173.1+4.9 164.3+10.2

Notes: RL — right limb, LL — left limb; "~ — the difference is considered significant when comparing the rate between patients without

arthropathy and with its presence, p<0.05

Table 8

Radionuclide indicators of osteoscintigraphy of ankle joints in patients with DM type 2 (M+m)

Average activity, imp/s Total activity, imp/s Coefficient of asymmetry, %
Groups of patients
RL LL RL LL RL LL
Without arthropathy, n=13 43.1+3.6" 59.4+6.6" | 21547.342273.5"| 20544.1+3221.1~| 131.0£12.0~ | 105.1£10.1"
With arthropathies, n=56 96.33+4.4 90.8+5.75 | 29749.4+1737.5 | 31036.3£3251.1 173.7+6.7 171.5+4.6

Notes: RL —right limb, LL — left limb, "~ — the difference is considered significant when comparing the rate between patients without

arthropathy and with its presence, p<0.05

37




Scientific Journal «ScienceRise: Medical Science»

Ne 4(37)2020

In the analysis of radionuclide indicators of os-
teoscintigraphy of the ankle joints in patients with DM 2
type, we obtained similar indicators with patients with
DM 1 type with lesions of the joints increase in both av-
erage and total activity, p<0.01. A marked increase in the
percentage of the asymmetry coefficient of the total ac-
tivity of both knee joints, p<0.01, confirms the presence
of an inflammatory process in the ankle joints of patients
with DM 2 type.

4. Discussion

The development of osteoarthropathy in patients
with both types of DM develops against the background
of a long course of DM. It is known that prolonged met-
abolic changes in DM lead to impaired remodeling of
the joint system [2, 5, 11]. Chronic hyperglycemia, due
to an increase in the concentration of glucose in the
synovial fluid, ligaments and capsule of the joint, caus-
es the manifestations of osteoarthritis due to the activa-
tion of the polyol pathway of glucose metabolism and
non-enzymatic glycosylation of proteins. The neurotox-
icity of hyperglycemia leads to neuromuscular insuffi-
ciency, which also aggravates joint damage, leading to
destabilization of the joint and worsening of degenera-
tive-dystrophic changes in it [5, 11]. Despite its high
prevalence in the population, DA remains a disease
with poorly understood pathogenesis and unclear etiol-
ogy. Although the main attention in recent years has
been paid to articular cartilage, as well as the adjacent
subchondral bone, interest in the possible role of vascu-
lar disorders, including venous, in the development of
OA has not faded in recent decades [12, 13]. Subchon-
dral bone is a multivascularized tissue and microvascu-
lar, mostly venous, lesions in this area have long been
known [6]. In the analysis of radionuclide studies in
patients with DM 2 type, we found violations of hemo-
dynamics in the arteries of the lower extremities of
various calibers. This can be explained by the fact that
DA develops on the background of diabetic angiopathy.
It is important to note that to date, many researchers
have found a link between impaired bone metabolism
and mediacalcinosis of the arteries, which occurs in
patients with DM much more often than in the general
population [14, 15].

The question of the participation of venous vas-
cular pathology in the formation and course of the joint
syndrome in OA remains unresolved. Impaired venous
circulation of the lower extremities in patients with OA
is determined by increased venous pressure and the
phenomena of stagnation in peripheral veins. Decreased
regional blood flow, venous tone disorders and venous
outflow are recognized as one of the main causes of
impaired blood supply to the joint and are associated
with local inflammatory activity, periarticular changes
in the knee joints, the intensity of pain. In addition,
there is a link between disorders in the microcirculation
system and venous pressure with the progression of os-
teoarthritis [16]. Thus, the influence of pathology of
peripheral venous blood flow on the development of
arthropathy is shown, and this can be due to structural
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changes in the joints themselves, and arise due to pri-
mary circulatory disorders in the extremities (chronic
lymphohemostasis, thrombophlebitis, varicose veins).
Thus, the combination of DA with peripheral venous
disease leads to an aggravation of the clinical picture of
the joint syndrome. Accordingly, when correcting the
pain syndrome in such patients, it is necessary to take
into account both the actual damage to the joint tissues
and peripheral vessels. Other researchers have shown
disorders of hemocirculation and lymphatic outflow of
varying severity in patients with gonarthrosis at an ear-
ly stage of the disease, so, there were significant viola-
tions related to reduced basal blood flow in the knee
joint [17].

The analysis of radionuclide indicators of os-
teoscintigraphy of the knee and ankle joints in patients
with DM 1 and 2 type revealed unidirectional changes,
namely a probable increase in both average and total ac-
tivity in the bone structures of the knee and ankle joints,
and a marked increase in the percentage of asymmetry of
the total activity of both knee and ankle joints, which
confirms the presence of an inflammatory process in the
structures of the above joints.

In the development of the pathological process
in the joints, changes in hemocirculation and lymphat-
ic outflow are important, as they lead to disorders of
transudation and synthesis of synovial fluid, and
therefore to disorders of the metabolism of articular
cartilage. Changes in microcirculation in the knee
joint can be considered as indicators of severity and
prediction of gonarthrosis. The rate of progression of
osteoarthritis of the knee joints depends on the viola-
tion of regional blood flow and blood rheology. It is
established that more pronounced changes in articular
cartilage and bone structures in osteoarthritis are not
accompanied by an increase (as in inflammation
should be expected), but a decrease in blood flow
through the terminal arteries due to vascular tone of
the microcirculatory system [3, 17].

According to modern publications [9, 10], radio-
nuclide study of the musculoskeletal system in combi-
nation with general clinical and radiological data allows
to develop additional objective criteria for the diagnosis
and differentiation of various lesions of the musculo-
skeletal system, including joints in clinically similar
variants of them overflow and reduce the number of
erroneous conclusions.

Thus, the applied method of radionuclide diagno-
sis to assess the state of blood flow and the presence of
DA of the knee and ankle joints with a single injection of
RPH is one of the most informative methods of early di-
agnosis of this pathology, and venous outflow disorders
with unchanged arterial blood flow in patients with type
1 DM may be a differential criterion of DA in patients
with type 1 and type 2 DM.

Study limitations. A small cohort of patients
(94 patients with DM 2 type and 58 patients with DM
1 type) were included in the study to perform radionu-
clide diagnostics to assess blood flow status and the
presence of diabetes-associated arthropathy, so further
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studies on a larger cohort of patients and analysis the
influence of concomitant pathology on the detected
changes, especially in patients with type 2 DM.

Prospects for further research. The development
of algorithms for early diagnosis of diabetes-associated
arthropathy is important for the development of methods
for timely prevention and pathogenetic treatment of this
complication DM in order to improve the quality of life
of patients and prevent their early disability.

5. Conclusions

1. When conducting radionuclide studies of hemo-
dynamics in patients with DM 1 type with arthropathy in
comparison with patients without joint damage there are
no changes in blood flow in vessels of large and medium
calibre, as well as arterioles and capillaries of the lower
extremities in the presence of severe venous outflow
disorders. For patients with type 2 DM with arthropathy,
a significant slowing of blood flow in large and medi-
um-sized vessels, as well as arterioles and capillaries,
accompanied by venous outflow disorders.

2. The analysis of radionuclide indicators of os-
teoscintigraphy of the knee and ankle joints in patients
with DM 1 and 2 type revealed unidirectional changes,
namely a probable increase in both average and total ac-
tivity in the bone structures of the knee and ankle joints,
and a marked increase in the percentage of asymmetry of
the total activity of both knee and ankle joints, which
confirms the presence of an inflammatory process in the
structures of these joints.

3. The applied method of radionuclide diagnos-
tics to assess the state of blood flow and the presence of
DA of the knee and ankle joints with a single injection
of RPH is an approach to the early diagnosis of this
pathology, and impaired venous outflow with constant
arterial blood flow in patients with DM 1 type may be
a differential criterion of DA in patients with DM 1
and 2 type.
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MICROHARDNESS OF FIBERGLASS — REINFORCED PHOTOCOMPOSITE MATERIAL
UNDER DIFFERENT CONDITIONS OF LIGHT POLIMERIZATION

A. Udod, O. Roman

Mema: y nabopamopHux ymMogax GUEYUMU MIKPOMEEpOiCmb 3MIYHEHO20 CKIOBOJOKHOM (OMOKOMNO3UmMa 3d
PIBHUX pedicumie ceimnogol Oii'y pi3Hi mepmiHu.

Mamepianu ma memodu. Mikpomeepodicmo 3smiyHeno2o ckio8010KkHOM homoxomnosuma everX Posterior, GC,
Odocaidacysanu na 60 3paskax 3a donomozoro mikpomeepoomempa IIMT-3 y mepmin 1 coduna, 1 ma 7 0i6 nicis
nonimepuzayii. 3pasku yuninopuunoi opmu eucomoro 3 mm 1 epynu onpominoeanu c8imaoeum nomokom @o-
MONnoniMepu3amopa 3a «M AKUM CIMApmomy, 3pasku 2 epynu noaimMepu3yeanu c8imiom nomokom 3 NOCMIUHOIO
sucokoio inmencugnicmio 1400 mBm/cm?.

Pesynomamu oocnioxncennsn. Yepes 1 200uny mikpomeepdicmo Ha HAUOIUNCUIT 00 CEIMT0800A NOGEPXHI OOPIG-
niosana y s3paskax 1 epynu 87,34+1,21 kec/mm?, 2 epynu — 102,0+0,94 kec/mm’ (p<0,05), na natieiooanenii —
70,98+1,23 xec/mm’ (natinusicuuti noxaznuk) ma 90,65+1,12 kec/mm? (p<0,05). Uepesz 1 006y na natibnudicyitl
nosepxui mikpomeepoicmo s3pocia y spaskax 1 epynu 0o 97,03+1,25 xec/mm?, 2 epynu — 0o 114,61+1, 13 xec/mm’
(p<0,05), na naubinew siodareniic — 0o 75,95+1,11 xec/mm’> ma 99,83+1,24 xec/mm’ (p<0,05), 8ionosiono.
V' 7 0i6 noxasnuxu na nepwtiti 3 nosepxons y 1 epyni cknanu 104,64+1,23 kec/mm?, y 2 epyni— 123,35+1, 15 kec/mm?
(p<0,05), na inwit nosepxmi — 80,25+1,48 xec/mm’ ma 107,53+0,92 xec/mm? (p<0,05). 3pocmanns mixpomeep-
docmi Ha Yyux NOBEPXHAX 3a y8ecb mepMin ckaano y 3paskax 1 epynu 16,5 % ma 11,6 %, 2 epynu — 17,3 %
ma 15,7 %.

Bucnosku. Ceimnoguii nomixk nocmitihoi eucoxoi inmencusnocmi 3abesneuye cmamucmuuno snawywe (p<0,05)
OibW BUCOKI NOKABHUKU MIKPOMEEPOOCi 3MIYHEHO20 CKA0BOJOKHOM (DOMOKOMNO3UMA HA YCIX NOBEPXHAX
3pA3KIB, HIJIC CBIMIOBULL BNAUG 3a «M SAKUM cmapmomy. 110 uac npsimozo i0Ho61eHHs 3Y0i6 HeOOXIOHO 3MEeHULY-
samu MoGUWUHY Wapy GOMOKOMNOZUMA Y pa3i NOAIMepUu3ayii 3a «M aKum CImapmom»

Kniouosi cnosa: smiyneHull CKI080JOKHOM QOMOKOMNO3UM, MIKPOMEEPOICMb, NOLIMEPU3aYis, CEIML06UL no-
miK, IHMEHCUBHICMb, «M SIKULL CIapm»

Copyright © 2020, A. Udod, O. Roman.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0).

40




