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Abstract. In the article peculiarities of sensory neu-
ropathy in 47 diabetic patients with and without surgical
complications of the lower extremities have been studied.
The simple clinical screening technique for diabetic neu-
ropathy which included four tests: tactile and pain sensa-
tion, vibration perception, presence and level of Achilles
reflex was used. Manifestations of neuropathy included the
most common symptoms such as numbness, prickling,
aching, decreased thermal sensation and burning. Approxi-
mately 75 % of all study subjects had sensory neuropathy

(47,1 % patients without surgical complications and 88,9 %
patients with complications in the lower extremities). The
pathogenesis of critical limb ischemia in general is complex
and includes impaired glycemic control, microcirculation
deterioration and neuropathy. The study established that
sensory neuropathy is one of the main causative factors in
critical limb ischemia and development of diabetic foot
syndrome.
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The prevalence of diabetes mellitus is rising all
over the world. Diabetes has a lot of different com-
plications affecting the heart, kidneys, eyes, nerves
and feet [1, 2]. One of the main causes of diabetic
complications is a decrease of blood supply as a re-
sult of vascular pathology on both levels — macro-
and microcirculation. Complications of feet are the
most frequent problems of diabetes and key con-
tributors to the medical and financial implications —
as nearly half of all hospitalizations due to diabetes
are the feet complications [2, 3]. The diabetic foot
syndrome (DFS) is defined, according to the WHO,
as “ulceration of the foot associated with neuropathy
and different grades of ischemia and infection” [3].
DFS represents serious long-term consequences of
diabetes leading to disability. The complications of
foot ulcers are the major cause of hospitalization and
amputation in diabetic patients and lead to signifi-
cant health care costs as evidenced by the fact that
20-40% of health care resources for diabetes are
spent on DFS [1, 2].

It has been recognized that the leading causes of
feet ulcerations are microcirculation changes and
diabetic neuropathy. Diabetic peripheral neuropathy
(DPN) is an impairment of normal activities of the
nerves throughout the body and which could alter
autonomic, motor and sensory functions [7]. The
lifetime incidence of neuropathy is approximately
45 % for patients with type 2 diabetes. According to
the multicenter study, the most frequent component
in the causal sequence to ulceration in diabetic pa-
tients was sensory neuropathy. In sensory neuropa-
thy the lack of protective sensation makes the foot
vulnerable to unattended minor injuries caused by an
excess of pressure and mechanical or thermal injury.
At present, an underdiagnosis of DPN is a funda-
mental issue and impedes the prevention of neuropa-
thy-related sequels [4]. Studies of nerve conduction
tests performed at the time of diabetes diagnosis
demonstrate that in many cases neuropathy is already
present in patients in subclinical forms. Early diag-
nosis of DPN is necessary in cases of small fiber
neuropathy or subclinical diabetic neuropathy when
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pathology may be reversed or significantly improved
with appropriate intervention. New information
about the pathogenesis of DPN continues to emerge,
which will lead to identifying new drug targets [6,
7]. Recently, there has been a greater emphasis
placed on identifying patients who are at an elevated
risk for developing DPN. But pathogenesis of DFS
depends on many factors and in some cases DPN
could be subclinical or even absent, associated or not
with severe microcirculation disorders or other fac-
tors. This is important because knowledge of role of
different cause’s combinations could help earlier
diagnosis and improve control of diabetes related
complications [3].

Objective: The aim of the current study was to
examine the correlation between neuropathy and
clinical features of DFS in subjects with type 2 dia-
betes.

Materials and methods. In total 47 patients
aged 43-82 years (mean age — 64,7+1,3 years,
66,0 % men and 34,0 % women) were involved in
the study. The patients were subdivided in 2 groups —
the first group with type 2 diabetes without DFS (19
patients) and the second one- with DFS (28 patients).
Clinical and paraclinical investigations were con-
ducted. Infrared thermometry of low limbs and sub-
lingual biomicroscopy were performed by means of
digital devices. We used simple clinical screening
technique for diabetic neuropathy which included
four tests: tactile and pain sensation, vibration per-
ception, presence and level of Achilles reflex. The
subjects were requested to remove their shoes and
socks and to lie supine on a couch for at least 5 min-
utes before the measurements were made. The foot
was kept warm during the measurement and the
room temperature was about 22°C. Tactile and pain
sensation were assessed by the monofilament smooth
motion on the dorsum of the first toe and needle
pricking just proximal to the nail bed of the toe. Vi-
bration testing was conducted using a 128-Hz tuning
fork applied to the bony prominence at the dorsum of
the first toe. The patient reported perception of both
the start and cessation of the vibration sensation con-
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ducted twice on each toe, and the score (between 0
and 2) was defined as absent, shorter than 10 seconds
and longer than 10 seconds. The score for each test
was defined on three grades: O (absent), 1
(decreased) and 2 (normal). The total score of all
tests was between 0 and 8. Four severity strata were
defined, including no neuropathy (7-8), mild neu-
ropathy (5-6), moderate neuropathy (3-4) and severe
neuropathy (0-2) according to the total score. The
patients were treated with either oral hypoglycemic
agents or insulin. Data statistical analysis was con-
ducted by using the software Statistica (version 5.11,
StatSoft Inc.). The data were expressed as mean =+
standard error for quantitative variables and as num-
bers and percentages for categorical variables. Statis-
tical analysis was performed using the Student’s t-test
for numerical variables. All p-values were two-tailed
and p<0.05 was considered statistically significant.
Results of the research and their discussion.
Approximately 75 % of all experimental subjects had
sensory neuropathy. The majority of such patients
noted mild to moderate discomfort associated with
the neuropathy. Manifestations of neuropathy in-
cluded the most common presentation of diabetic
neuropathy such symptoms as numbness, prickling,
aching, burning and decreased of thermal sensation.
Subjectively patients initially experience sensory
decrease in the toes and feet. There could be weak-
ness of the toe flexor and extensor muscles but sig-
nificant weakness was not a common finding in early
diabetic neuropathy. The pain could be provoked by
activity but was often worst at night. Some patients
reported deep aching pain, vasomotor changes
(pallor alternating with rubor or cyanosis). The pres-
ence of cardiac autonomic neuropathy was in 3 cases
with symptoms of resting tachycardia, palpitations
and orthostatic hypotension. Muscle strength and
reflexes in these cases were often normal. According
to opinion of J.W. Russell just small fiber neuropa-
thy is characterized by superficial burning pain in the
feet caused by preferential involvement of the small
unmyelinated nerve fibers that mediate pain, tem-
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perature sensation and autonomic functions [4].
Small fiber neuropathies may not have any abnor-
malities on nerve conduction studies and could be
further evaluated only with skin biopsy.

In our patients we assessed clinical screening
tests for diabetic neuropathy: tactile and pain sensa-
tion, vibration perception and level of Achilles re-
flex. We found out some asymmetry in test results —
right legs had dipper changes of sensation (fig. 1).
Small myelinated and unmyelinated fibers convey
sensations of light touch, pain, and temperature,
while large fibers are responsible for vibratory sensa-
tion and joint position sense. The lowest level of
sensation was just in vibration perception which
shows on large fibers problems.

In our investigation dominated mild neuropathy,
severe and moderate forms of neuropathy were in
one third of cases (fig. 2).

It was typically a slow progressive sensory pre-
dominant neuropathy. Diabetic subjects with neu-
ropathy were older and had longer duration of diabe-
tes. The degree of neuropathy in our study correlated
with age (1=0,44, p<0,05), duration of disease
(r=0,45, p<0,05), level of diastolic blood pressure
(r=-0,28, p<0,05) and local skin temperature (r=-
0,35, p<0,05).

The comparison between groups show presence
of neuropathies in 47,1 % patients of the first group
and 88,9 % in patients with DFS (p<0,05). The total
score of neuropathy severity in the first group was
5,540,57 (mild neuropathy) in comparison with
3,840,45 (moderate) in the second (p<0,05). The
patients with DFS had higher level of blood glucose
(11,3+0,82 and 9,9+0,78) (p<0,05) and systolic
blood pressure — 138,6+£3,02 mm Hg in comparison
with 128,242,1 mm Hg (p<0,05). In patients with
neuropathy in sublingual microcirculation pictures
presence of capillaries with irregular morphology
and avascular areas were more frequently seen.

It is important, that some patients with diabetic
neuropathy are unaware of their sensory loss and
could experience painless injuries and they are at
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Fig. 1. Results of clinical screening methodic for diabetic neuropathy
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Fig. 2. Incidence of sensory neuropathy forms in diabetic

patients

higher risk of falls because of sensory loss and im-
paired proprioception. It also indicated that the pres-
ence of cardiac autonomic neuropathy is associated
with a two to five times increased risk of all-cause
mortality. Symptoms of resting tachycardia, palpita-
tions, exercise intolerance, or orthostatic hypotension
may indicate cardiac autonomic neuropathy [4].

Thus, the pathogenesis of DFS in general is
complex and includes impaired glycemic control,
microcirculation deterioration and sensory neuropa-
thy. It is clear that any increase in glucose above
normal is associated with higher risk of different
organs injury, including neuropathy. Strict glucose
control could delay the onset or slow the progression
of diabetic neuropathy.

Conclusions
1. The diabetic sensory neuropathy is one of
causative factors in critical limb ischemia and develop-
ment of DFS. The pathogenesis of DFS in general is
complex and includes impaired glycemic control,
microcirculation deterioration and sensory neuropathy.
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2. The simple clinical screening technique
which included four tests: tactile and pain sensation,
vibration perception, presence and level of Achilles
reflex is effective to diagnose diabetic sensory neu-
ropathy.

3. Diabetic patients with insensate feet are espe-
cially prone to developing foot ulcerations. Early
diagnostic of sensory neuropathy and sanitary educa-
tion regarding proper foot care is especially impor-
tant for such patients.

Prospects for further research. To establish
an influence of other factors such as microcirculation
changes in following clinical examination. The pos-
sible pathogenic role of elevated systemic arterial
pressure could be also studied.
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MECTO CEHCOPHOM HEHPOIIATHUU B TATOIT'EHE3E KPUTHUYECKOMN UINIEMUM
HUKHUX KOHEYHOCTEM Y BOJIbHBIX CAXAPHBIM IMABETOM

E.IO. Heuumaiino, B.H. Konoguykx

Pe3ome. B cratbe paccMOTpEHBI OCOOCHHOCTH CEHCOPHOW HeHpomnaTnd y 47 MallMeHTOB C CaxapHBIM AnabeToM C
HaJIMYUEM XHPYPIHIECKHX OCJIOKHEHHUH CO CTOPOHBI HI)KHUX KOHEUHOCTeH 1 Oe3 HuX. Mcrmonp3oBana mpocTasi KIIMHUYeC-
Kasi CKpHHHHTOBasi METOJMKA JUIS BBUBIICHUS AuabeTHUecKoi HeHponaThy, KOTopas BKJIIOYAJIa YETHIpe TecTa: ompejierne-
HYE TaKTWIBHOW 1 0OJICBOH YyBCTBHTEIILHOCTH, BOCIIPHSTHE BUOpanny, HaJIMIKMEe U ypoBeHb AXMiutoBa peduiekca. [Iposs-
JICHUs] HEBPOIIATHH BKJIIOYAIN HAanOoJee pacipoCTpaHeHHbIe CUMIITOMBI: OHEMEHNE, TIOKaJIbIBaHKe, HOIOIIME OOJIH, CHIKe-
HHE TEIUIOBOH 4yBCTBUTEIBHOCTH, OLIyLIeHHe x#oxkeHus. Okono 75 % Bcex o0CIeI0BaHHBIX MMENIM CEHCOPHYIO Heifporna-
THiO (47,1 % nanueHToB 63 XUPYPrUYECKHX OCIOXHEHMI 1 88,9 % manueHTOB ¢ OCIOKHEHUSIMH CO CTOPOHBI HM)KHHX
koHeuHocTeil). [laTorenes KpUTHIECKOH WIIEMHH HIDKHUX KOHEYHOCTEH B LIEJIOM SIBIISETCS CIIOXKHBIM M BKIIIOYACT HapyIIe-
HUS TIIMKEMHUYECKOTO KOHTPOJSL, yXyALIEHHE MHUKPOLMPKYISIUE KPOBM M HEeHpomaTuio. B mccrmeqoBaHuM yCTaHOBIIEHO,
YTO CEHCOpHAsi HeHPOIaTUs SBIISICTCSI OAHUM M3 IIABHBIX IPHYMHHBIX (hAKTOPOB B PA3BUTUH KPUTUUCCKOH MIIEMHUHU HIXK-
HUX KOHEYHOCTEH U CHHIpPOMAa ANaOeTHIECKOH CTOMEI.

KoroueBrble ciioBa: caxapHbIil [uadeT, CEHCOpHAsi HEHPOIaTHsl, AaHTMOTIATHSI, CHHIPOM INa0eTHYECKON CTOMBI.
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MICHE CEHCOPHOI HEMPOIIATII Y MATOT'EHE3I KPUTUYHOI IIIEMIL
HUXXHIX KIHI[IBOK Y XBOPUX HA IIYKPOBUM JIABET

O.10. Heuumaiino, B.M. Konoguyk

Pe3ome.V cTarTi po3mIIIHYTO 0COOIMBOCTI CEHCOPHOT HelpomaTii y 47 MaIi€HTiB i3 MyKPOBUM Aia0eTOM 3 HAasIBHICTIO
XIpypriyHuX ycKiIaaHeHb 3 00Ky HIDKHIX KIHIIBOK Ta 0e3 HHX. Bukopucrana mpocra KIIiHIYHA CKPHHIHTOBA METOAMKA JUIS
BUSIBJICHHS JliabeTHYHOI Helpomnarii, sika BKIII0Yata YOTUPH TECTH: BU3HAYEHHS TAKTHIIBHOI i O0JILOBOI Uy TJIIMBOCTI, CIIPHH-
HATTS BiOpauii, HasiBHICTB 1 piBeHb AXiytoBoro peduekcy. [IposiBu HeBponaTii BKIIoYany HaifGUIBII TOMHUPEH] CUMIITOMU:
OHIMIHHSI, TIOKOJIFOBaHHS, HAIOYi 00, 3HIKCHHS TEIUIOBOI Yy TIMBOCTI, BIMUyTTs MeUiHHsA. biusbko 75 % Bcix 00CTeKEHUX
MaJlu CeHCOpHy Helponariio (47,1 % nauienTiB 0e3 XipypriuHux yckiaaaHeHs i 88,9 % nauieHTiB 3 ycKiIagHEHHAMU 3 GOKY
HIDKHIX KiHIiBOK). [TaToreHes KpuTH4HOI ieMii HIKHIX KIHIIBOK, y LIJIOMY, € CKJIaJHHM 1 BKIIIOYa€ MOPYILCHHS [IIiKeMid-
HOTO KOHTPOJIIO, TIOTipIICHHS MIKPOIMPKYJIALIi KPOBi Ta HEHpomarTio. Y AOCHiIKeHHI BCTAHOBIICHO, III0 CEHCOPHA HEHPO-
TaTist — OAMH 13 TOJIOBHUX MPUYUHHUX (PAKTOPIB y PO3BUTKY KPUTHUYHOI iMIeMil HIKHIX KiHIIBOK Ta CHHAPOMY I1a0eTHIHOL
CTOIIN.

Koiouosi c1oBa: mykpoBuii giabeT, ceHCOpHA HEHPOMATis, aHTioNAaTisl, CHHAPOM AiabeTHYHOI CTONH.
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