3 40CBI4Y POBOTU

UDC 616.379-008.64:617.586]-089:615.842
DOI 10.11603/2414-4533.2020.1.10739

©S. 0. YAKOBCHUK, A. H. IFTODIY, V. K. GRODETSKY], V. D. FUNDIUR, O. Y. KHOMKO

Bukovinian State Medical University

Effect of direct current electric field on the rate of wound epithelization in

patients with diabetic foot syndrome

The aim of the work: to study the development of wound process in dynamics by means of examination of impression smear from
the wounds of patients with diabetic foot syndrome by means of Pokrovska-Makarova method, planimetric examination by means
of L. M. Popova method in case of treatment by traditional methods combined with galvanization of an afflicted lower limb and
application of interstitial Berlithion electrophoresis.

Materials and Methods. 113 patients with complicated forms of diabetic foot syndrome were examined and treated. Group 1 of pa-
tients underwent a traditional course of treatment, whereas a complex of treatment measures was complemented with galvanization
of the affected lower extremity for the patients of group 2 at an early stage of the postoperative period. The patients of group 3 were
additionally treated with local interstitial electrophoresis of Berlithion during an early stage of the postoperative period. A control over
the dynamics of the wound process was carried out by means of estimating wound impression smears.

Results and Discussion. A comparison of the rate of the transition of the cytological picture of impression smears from the inflammatory
type to the regenerative, regenerative-inflammatory and finally to the regenerative types demonstrated that these processes among patients
of 1st group occurred, on an average, during 20 days, among patients of the group 2 during 16 days and group 3 — during 14 days. Reduc-
ing the area of injury in patients of group 1 is # 1 % per day, patients in group 2 — 2 %, followed by — 2.1-2.2 % per day and patients in
group 3 speed up wound area reduction on an average 3 %. Therefore, under effect of direct current of electric field an inflammatory type
of cytogram was found mainly from the 3—4 to 7-8" days compared with the control group, where these phenomena were found from the
3-4 to the 11-12" days. Approximately similar dynamics was found in case of ISEP action with Berlithion. When the wound process is
passed into the second phase which is evidenced by the appearance of inflammatory impression smear, the rate of regeneration appeared

to be the highest in the group of patients who received interstitial electrophoresis with Berlithion.
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Introduction. Purulent-necrotic injuries of the
lower limbs are one of the most frequent surgical
complications of diabetes mellitus (DM). Unfortu-
nately, the results of their treatment cannot be con-
sidered satisfactory [1]. Occurrence of diabetes me-
Ilitus among population in different countries is from
1to 6% [2].

The aim of the work: to study the development
of wound process in dynamics by means of examina-
tion of impression smear from the wounds of patients
with diabetic foot syndrome by means of Pokrovska-
Makarova method, planimetric examination by means
of L. M. Popova method in case of treatment by tradi-
tional methods combined with galvanization of an af-
flicted lower limb and application of interstitial Berli-
thion electrophoresis.

Materials and Methods. 113 patients with com-
plicated forms of diabetic foot syndrome (DFS)
were examined including 64 (56.64 %) men and 49
(43.36 %) women, aged from 17 to 84.

In the majority of patients — 53 (46.9 %) DM lasts
from 11 to 20 years. 10 (8.9 %) patients were from 20
to 37 years of age. 50 (44,.2 %) patients suffered from
diabetes mellitus less than 10 years. Insulin dependent
DM was found in 96 (85 %) patients. Moderate de-
gree of DM was found in 93 (82.3 %) patients, and se-

vere DM —in 20 (17.70 %) individuals. Compensated
DM was found in 14 (12.39 %) patients, subcompen-
sated — in 78 (69.03 %) and decompensated — in 21
(18.58 %) individuals. 33 (29.20 %) patients suffered
from ischemic-gangrenous form of DFS, neuropath-
ic-infected — 20 (17.70 %) and mixed — 60 (53.10 %).
According to F. Wagner (1979) patients were divid-
ed in the following way: IIb degree was diagnosed in
7 (6.19 %) patients, IIT degree — in 50 (44.25 %), and
IV degree — in 56 (49.56 %).

Conservative treatment included vasoactive
drugs, antiaggregants, spasmolytics, biological sti-
mulators, nicotinic acid drugs, anabolic steroids, cal-
cium ions antagonists, vitamins A, C, E, and group B,
means for correction of lipid metabolism and those
improving the nervous system function, antibacteri-
al broad-spectrum agents considering sensitivity of
microorganisms to them. Intra-arterial introduction of
medical agents was applied.

Surgical treatment included necrectomy, amputa-
tion and exarticulation of toes, transmetatarsal ampu-
tations with surgical treatment of phlegmons on the
soles, and surgical treatment of phlegmons on the feet.

To assess the characteristics of wound process
the method of impression smears taken from wounds
elaborated by M. P. Pokrovska and M. S. Makarov
(1942) was used. To study the objective criterion of
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a wound process development — rate of wound heal-
ing — a simple and demonstrative tests suggested by
L. N. Popova (1942) was used.

During postoperative period all the patients were
divided into three groups. Group 1 included 45 indi-
viduals receiving traditional treatment. Group 2 in-
cluded 51 patients who were subjected to galvaniza-
tion of the afflicted lower limbs by means of the appa-
ratus “Potok-1” during the early postoperative period
(since the first day). Group 3 included 17 patients who
in addition to traditional treatment during the ear-
ly postoperative period received interstitial Berlithi-
on electrophoresis locally on the afflicted lower limb.
The circulatory-longitudinal variant of electrode loca-
tion was used applying anode on the foot and cathode —
on the femur. Current density was 0.025-0.05 mA/cm?.
Duration of the procedure was 60 minutes. Interstitial
electrophoresis was combined with intravenous drop-
by-drop introduction of Berlithion and direct current
electric field effect. The course of treatment in both
cases lasted no less than 10 sessions.

Results and Discussion. During postoperative
period many pathogenic factors influence on the body
of patients with complicated forms of DFS. Mean-
while endocrine metabolic disorders associated with
the major pathology, effect of purulent-necrotic fac-
tor and operation trauma and narcosis should be iso-
lated first of all among them. Hemorheology system
is one of the weakest link in which compensation can
be lost under the action of the above pathogenic fac-
tors. Taking into account the above mentioned it was
considered that application of direct current electric
field (DCEF) and interstitial electrophoresis (ISEP)
with Berlithion recognizing anti-inflammatory ac-
tion of the indicated methods, activation of blood and
lymph circulation, a positive effect on fibrinolytic ac-
tivity and creation of conditions for much higher con-
centration of drugs in the purulent focus, can be ef-
fective for the correction of hemorheology chain that
can be appropriately reflected in the development of
wound process.

On admission to hospital cytological picture of
impression smears was studied in all the patients. The
specimens were indicated to contain practically solid

detritus, remains of destructed neutrophils with extra-
cellular location of massive microflora corresponding
to a necrotic type of cytogram.

In patients who were admitted at the stage of DM
decompensation and signs of multiple organ dysfunc-
tion requiring partial surgical treatment to be per-
formed, great amount of neutrophils in the state of
degeneration and destruction in the shape of karyo-
pyknosis and cytolysis were found in the impression
smear. The signs of phagocytic activity of certain
neutrophils were determined. Intracellular location
of microorganisms was stated, though phagocytosis
character was not completed and sometimes even dis-
torted. Therefore, degenerative-inflammatory cyto-
gram type was determined.

After radical surgical treatment the amount of pre-
served neutrophils was 80-90 %, and 5-15 % of them
constituted a part of lymphocytes and monocytes.
Microflora was determined in a moderate amount
mainly at the state of completed phagocytosis. Further
favourable course of the wound process promoted in-
flammatory-regenerator,  regenerator-inflammatory
and regenerator types of cytograms, when the amount
of neutrophils was reduced to 40-50 %. Non-differen-
tiated fibroblasts, polyblasts and lymphocytes appear,
followed by appearance of young cells of the granula-
tion tissue. With regenerator type epithelium appears
in the specimens in the form of characteristic aggre-
gations of light cells with a wide cytoplasm. Micro-
flora disappears gradually in such impression smears.

M. 1. Kuzin and B. M. Kostiuchenok (1990) sta-
ted that in case of uncomplicated course of the wound
process development the surface of the wound 4 % de-
creased daily. Examination of such subjective criterion
of the wound process development as the rate of wound
healing we obtained the results evidencing that a ge-
neral rate of wound regeneration after surgical treat-
ment in patients with DFS is lower than that of the ana-
logical index mentioned above. It is about % 1 % per
day among the patients from the group 1, among the
patients from the group 2 who were subjected to DCEF
effect it was 2 % during the first 6 days followed by
2.1-2.2 % per day. Among the patients from the group
3 who received ISEP with Berlithion the rate of wound
surface decrease was on an average 3 % (Table).

Table. Dynamics of the rate of the wound surface decrease in patients with complicated forms of diabetic

foot syndrome

6" day 12 day 18" day
Group 1 (n=14) 6 % 11 % 17 %
Group 2 (n=15) 12 % 25 % 38 %
Group 3 (n=9) 18 % 32 % 48 %
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The obtained results present preliminary sugges-
tions concerning a positive action of physical methods
of effect. It can be associated with a positive effect of
DCEF and ISEP with Berlithion on an increased in-
tensity of enzymatic fibrinolysis, certain growth of
fibrinogen concentration, a low level of which inhi-
bits wound healing considerably (Knighton D. Et al.,
1982). Moreover, decreased intensity of intravascular
fibrinogenesis promotes inhibition of proteolytic des-
truction of high molecular proteins and normalization
of lysis of low molecular proteins and collagen.

Conclusions. Therefore, under effect of DCEF
an inflammatory type of cytogram was found main-
ly from the 3—4 to 7-8" days compared with the con-
trol group, where these phenomena were found from
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lithion. When the wound process is passed into the
second phase which is evidenced by the appearance
of inflammatory-regenerator impression smear, the
rate of regeneration appeared to be the highest in the
group of patients who received ISEP with Berlithion.
This fact can be associated with achieving of higher
concentration of a-lipoic acid in the wound that pro-
motes membrane stabilization and stimulation of re-
generation processes.
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field effect on the rates of wound regeneration both
during the first phase of the wound process (inflam-
mation) and the second one (regeneration).
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BAH3 YkpaiHu “ByKOBUHCHKWI AepXaBHWUI MeauyHniA yHiBepcuTeT”

BILIVB EJEKTPUYHOTIO IOJIS IOCTIMHOIO CTPYMY HA HIBUJIKICTD EHITEII3ALIT PAH Y
XBOPUX HA CUH/IPOM JJIABETUUHOI CTOIN

Merta poGoTH: BUBUMTH JAWHAMIiUHWII PO3BUTOK PaHOBOTO TIPOLieCY 3a JIOTIOMOTOI0 JJOC/Ii/PKeHHs BibNTKa-Ma3Ka 3 paH XBOPHX Ha
niabetnuHuii cuHApOM cToru MetozoM [TokpoBceKoi—Makaposa, riaHiMeTpuuHoro obcrexxeHHs1 Metogom JI. M. ITorogoi y pasi -
KyBaHH$ TpaJMLiiHUMU MeTOo/laMU Yy TIO€/IHaHHI 3 rasbBaHi3alli€lo ypakeHol HM)KHbOI KiHI[iBKM Ta 3aCTOCYBaHHS iHTE€PCTUL{ia/IbHOrO
GepmiTioHOBOTO esekTpodope3sy.

Marepiasu i Metogu. O6cTexxeHo i npostikoBaHO 113 XBOpUX Ha CHH/POM fiabeTHuHOI CTOMHM. 1-11a rpyra XBOPUX OTPUMYyBaja Tpa-
JAuuiiiHe yiKyBaHHS, y 2-U rpyni naijieHTiB KOMIUIEKC JiKyBa/JIbHUX 3aX0/iB Y paHHbOMY Mic/sionepaliiiHoMy repiogi J0M0oBHIOBaIN
rajbBaHi3ali€l0 ypakeHOi HW)KHBOI KiHLIIBKM | XBOpUM 3-1 TPynu B paHHbOMY Mic/sionepaniiiHoMy Iepiofii MpUejHyBany J0KaabHO
BHYTPILIHbOTKAaHUHHUH enekTpodopes i3 6epsitioHoM. KoHTpo/b 3a JUHAMIKOIO PaHOBOrO MpOLiECY 3/iMCHIOBA/NH LIISIXOM OLIHKH
Ma3KiB-BiZIOMTKIB i3 paH Ta MaHiMeTPHUUHUM [0 CJTiKEHHSIM.

Pe3ysibTaTH JoCTiKeHb Ta iX 00roBopeHHs. I10piBHSHHS TeMITy I1epexoy [UTOJIOTiYHOI KapTUHH Ma3Ka-Bi/OWMTKa Bif 3amaabHOTO
[0 3arasbHOpereHepaTopHOro, pereHepaTopHO-3aa/IbHOrO i, HapelITi, pereHepaTOpHOro TUITYy MPOAEMOHCTPYBAIO, 110 Lii MpoLecH
y xBopux 1-i rpynu BifOyBaauch, y cepesnbomy, npotsirom 20 aHiB, y 2-if rpyrmi npoTsrom 16 guiB i y 3-it rpymni npotsrom 14 gHiB.
3MeHIIIeHHSI TIIOLi paHK y XBopuXx 1-1 rpymu ckiagae & 1 % na 100y, y xBopux 2-i rpymu — 2 %, y noganbiiomy — 2,1-2,2 % na 100y. Y
nauieHTiB 3-i rpynu TeMI 3MeHIIIeHHs 10Nl PaHU B cepejHbOMY CK/aB 3 %. Tomy mif Ai€ro MpsIMOro MOCTiMHOro CTpyMy LiUTOrpama
Oys1a npe/icTaB/IeHa 3arajabHUM THIIOM IepeBaXkKHO 3 3—4 110 7—8 [ieHb MOPiBHSHO 3 KOHTPOJILHOO TPYIIO0, Jle Lii siBMILa Oy/11 BUsIB/IeHi
3 3—4 mo 11-12 pens. ITpubnusHO cxoka AuHaMiKa Oyna BUsBNeHa y BUMAafKy Jil iHTepcTeliliHoro enekrpodopesy 3 6epriTioHOM.
Koy paHoBuii nporjec nepexofuTsb y Apyry ¢asy, Ipo 10 CBiAYUTSH M0sIBA 3arlalbHOPereHepaTOPHOro MasKa, IIBU/KICTh pereHepariii
BUSIBI/IACST HAMOI/IBLION0 Y TPYTIi TAL{i€HTIB, sIKi OTPUMYBa/H iHTepCTeLiiiHui elekTpodope3s i3 6epiTioHOM.

KurouoBi csioBa: 1yKpoBuii fiabet; CHAPOM /1iabeTHUHOI CTOIH; THIHHO-HeKPOTUYHHUIA TIPOIIeC; PaHa; rajabBaHi3arfis.

C. A. AKOBUYK, A. . UGTOANN, B. K. FPOAELKUN, B. . ®YH/IOP, O. V. XOMKO

BIry3 YkpauHbl “ByKOBUHCKWI rOCYA@pCTBEHHbIV MeAULMHCKNIA yHUBEepcuTeT”

BANAHUE SJERTPTYECROTI'O ITOJIA IIOCTOAHHOI'O TORA HA CROPOCTD SINTEJIN3AIINN
PAH Y BOJIbHBIX C CUH/IPOMOM JIMABETUUECKOI CTOIIBI

Iens padoThl: U3yunuTh AMHAMUYHOE Pa3BUTHE PAHEBOTO MpOLiecca C MOMOLIBI0 UCCIeJ0BaHMs OTIeuaTka-Ma3Ka 13 paH G0JIbHBIX C
CHHZPOMOM finabeTHuecKoi cTorsl MeTozioM ITokpoBcKkoli—MakapoBa, MiaHUMeTpruuecKoro oociesioBanust MetozoM JI. M. IToroBoi
TIpY JIeUeHUH TPAAULMOHHBIMU MeTOZlaM{ B COUeTaHWH C Ta/lbBaHU3al{iell Opa)kKeHHOH HIDKHel KOHeUHOCTU U NPHMeHeHUs] UHTep-
CTULIMAIBHOTO OepIMTHOHOBOTO 3/1eKTpodopesa.

Marepuassl 4 MeToAbl. O6cmeoBaHO U TposieyeHo 113 6OTBHBIX C CHHAPOMOM JHabeTH4YeCKOH CTOMEL. 1-s rpyma 60IbHBIX MOTy-
yaja TPaJjULjIOHHOE JieueHHe, 2-i TpyIIe MaljeHTOB KOMILIEKC JiedeOHbIX MepONpUATHII B paHHEM I0C/Ie0NepaljiOHHOM JIeYeHnH
JIOTIOJIHSUIM Ta/bBaHM3aL{ell MOpaKEHHON HWKHEeW KOHEYHOCTH M OObHBIM 3-H TPYMIbl B paHHEM IMOC/IeONepaliioHHOM Mepuoje
TIPHCOe/IVHS/IN JIOKaNbHO BHYTPUTKAHEBBIN 3/eKTpodopes ¢ GepmuTrioHOM. KOHTPO/b 3a /JMHaMKKOW paHeBOTo IpoLiecca OCyIecT-
BJIS/IU Ty TEM OL|eHKH Ma3KOB-OTIIeUaTKOB C PaH U [IaHUMeTPUUeCKUM HccaefoBaHreM. CpaBHeHMe TeMIIa epexoza LIUToI0rude CKOM
KapTHHBI Ma3Ka-oTIeyaTKa OT BOCIaIUTeIbHOrO /J0 BOCHA/IUTe/IbHOpereHepaTopHOro, pereHepaTopPHO-BOCHANUTeIbHOTO 1, HaKOHeLl,
pereHepaTopHOTrO THIIA NTPOAEMOHCTPUPOBAJIO, UTO ITH MPOL|eCChl Y OOIBHBIX 1-if IPYIIIBI MPOUCXOAWIH, B CPe/IHEM, Ha TIPOTSHKEHUH
20 aHel, y 6OJIbHBIX 2-f TPYMIIBI Ha NIPOTsDKeHUU 16 fHeit u y 3-i — Ha npoTshkeHUN 14 fHel. YMeHblileHHe TUIOAAN PaHbl Y 60/ib-
HbIX 1-U rpynmel coctaBisieT ~ 1 % B CyTKH, y 60/bHBIX 2-U rpynmsl — 2 %, B nociaeayoumem — 2,1-2,2 % B CyTKU U y MALUEHTOB
3-Ii TpynIbl CKOPOCTh YMeHbIIeHUs TUIOLIa1 paHbl B cpefiHeM cocTaBua 3 %. [TosToMy nog, fieficTBreM MpsIMOro MOCTOSIHHOTO TOKa
LUTorpamMma Oblja IpefiCTaB/IeHa BOCTIaTUTe/IbHBIM TUIIOM IIPEUMYIL{eCTBEHHO € 3—4 110 7—8 [ieHb 110 CPaBHEHHIO C KOHTPOJIbHOM IpyTI-
TI0H, T/ie 9TU siBJieHHst Obiin 0OHapy»KeHbI ¢ 3—4 1o 11-12 neHb. [IpriMepHO MOX0xKast JUHAMUKA Oblia 0OHapy)KeHa B C/iydae AeHdCTBUs
MHTepCTelaabHOTO 37eKTpodopesa ¢ GepmtrioHoM. Korzia paHeBoii mporiecc mepexo/iuT BO BTOPYHO a3y, O UeM CBHUJETe/lTbCTBYeT
TI0sIB/IeHHEe BOCIIa/IUTe/IbHO-PereHepaTOPHOTO Ma3Ka, CKOPOCTh pereHepaliiy OKa3asack O0sbliieli B rpyrire MaldeHToB, MOTy4aBIInX
MHTepCTeLa/bHbIN 31eKTpodopes ¢ 6epIUTHOHOM.

KroueBbie (j10Ba: CaxapHblii ArabeT; CMHAPOM AHA0eTHUeCKO# CTOTbI; THOMHO-HEKPOTHUE CKHIA MTPOLeCC; PaHa; TajbBaHU3aIHsL.
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