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Abstract

Background. Diabetic foot ulcers are a common complication of diabetes that can lead to limb amputation. Effective
treatment of this condition requires in-depth knowledge of risk factors, regular medical monitoring, and careful prevention.

Aim: to analyze current understanding of the pathogenesis, diagnosis, and prevention of diabetic foot.

Search strategy. We conducted a literature search and included articles published between 2014 and 2024. Search
queries were regularly performed in academic databases (PubMed, MEDLINE, CINAHL, Embase). No gender filters were
used in the search, only patients over 18 years of age were included by age, observational, experimental, and secondary
studies were included by study type. In addition to the main search, references of relevant publications were analyzed,
international and national guidelines were analyzed to include current approaches to the diagnosis, treatment, and
prevention of diabetic foot.

Results. The analysis showed that the pathogenesis of diabetic foot involves complex processes associated with
impaired microcirculation, neuropathy, and infection. Teaching patients proper foot hygiene, nail care, and choosing the right
footwear plays a key role in reducing the risk of injury. Diagnostic approaches continue to improve, allowing for early
detection of pathology and increased treatment effectiveness. Following a systematic approach to diagnosis and
classification improves communication between physicians and specialists, simplifying the treatment of complications. Such
a coordinated approach may ultimately lead to a reduction in the number of diabetes-related lower limb amputations.

Conclusions. Foot changes in patients with diabetes have become one of the most common complications and the main
reason for hospitalization. Treatment should be comprehensive, including hyperglycemia control, wound care, and infection
therapy. Effective care should be multidisciplinary and personalized according to the patient's condition and needs. It is
important to provide prevention education, emotional support, and encourage the patient to follow recommendations,
including regular foot care and blood glucose monitoring.
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"HAO «MeauumHckuit yHuBepcuteT AcTaHa, r. AcTaHa, Pecny6nuka KasaxcraH.

AkTyanbHocTb. [lnabetnyeckue s3Bbl Ha CTOME — YacToe OCMOXHEHWe Npu AuabeTe, KOTOPOe MOXET MPUBECTU K
amnyTauMm KoHeyHocTU. ddeKTUBHOE IEYeHWe 3TOro COCTOsHMS TpebyeT rnmyOoKMX 3HaHWid O chakTopax pucka,
PEryNSIPHOro MeAULIMHCKOrO HabMAEHNS 1 TLLATENBHONA NPOUNAKTUKN.

Llenb: npoaHanuaupoBaTb COBPEMEHHbIE MPEACTaBNEHUS O NaToreHese, AWarHoCTUKe M MpodunakTuke CUHApoMa
AnabeTnyeckom CTonbl.

Crparterusi nmoucka. Hamu Obin npoBefeH MOMCK NMTEpaTypbl M B ONMCATENbHbIA 0030p BKMIOYEHBI CTaThM,
onybnukoBaHHble B nepuog ¢ 2014 no 2024 rog. MonckoBble 3anpockl PErynsipHO BbINOMHSANNCH B akagemuyeckux 6asax
paHHbIX (PubMed, MEDLINE, CINAHL, Embase). lNpu ocyuiectBneHun noucka unbTpbl N0 NOMY He NPUMEHANUCH, MO
BO3paCTy BKMIOYANMUCb TOMbKO MauueHTbl cTapwe 18 net, mo Twmy wWCCregoBaHMiA BKMKYanMch 0OCEpBaLMOHHbIE,
9KCMEPUMEHTANbHbIE MCCMEAOBaHUS, a Takke BTOPUYHble WCCRedoBaHWs. B pgomonHeHne k OCHOBHOMY mowcky 6bin
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NPOBEAEH aHanmM3 CCbINOK peneBaHTHbIX NyBnKaLWin 1 aHanu3 MeXAYHapOAHBIX M HALMOHabHBIX PEKOMEHZALMIA C LiENblo
BKIIOYEHMSI aKTyanbHbIX MOAXOLOB K ANarHOCTUKE, NEYEHNIO U NPOdMNaKTUKe AMabeT4ecKoi CTombI.

PesynbTatbl. B pesynbtate npoBegEéHHOrO aHanu3a YCTaHOBMEHO, YTO maToreHe3 AvabeTWyeckom CTOMbl BKIOYAET
CMOXHble MPOLecChl, CBA3AHHbIE C HAPYLUEHWEM MUKPOLMPKYISLMMA, pa3BUTUEM HEMpONaTMM U MHCEKLMOHHOMO npoLecca.
O6yyeHne naLMeHTOB NPaBUILHOM MMIMeHe CTOM, yXody 3a HOTTAMM U BbIBOpY NMpaBuUibHON 06YBM UrPaET KITOYEBYHO POrb B
CHWXEHUN puCKa MOMyYeHWs TpaBM, KOTOpble MOTYT Bbi3BaTb MOSIBIEHME $3B. [uarHocTnyeckne nogxodbl NpOZOMmKatoT
COBEpLUEHCTBOBATHCS, YTO NO3BONSET BbISBNATL NATOMOMMK0 HAa PaHHUX CTagusx U NoBbiwaTh 3EKTUBHOCTL Tepanuu.
CnepoBaHue cUCTEMATMYECKOMY MOAXOMY K AMarHOCTUKe M Knaccudukaumy cnocobCTBYET YnyulleHUIo B3auMogencTaus
Mexay Bpayamu u cneuuanucTamu, YTo ynpoLLaeT NeveHne 0CnoxHeHui. Takon cornacoBaHHbI NOAXOA B KOHEYHOM UTOre
MOXET MPUBECTY K COKPALLEHWIO YnCra amnyTaLmid HIKHUX KOHEYHOCTEN, CBA3aHHbIX C AnabeTom.

BbiBoabl. V3MeHeHWs cTOm y nauuMeHToB C caxapHbiM guabeToM 2 Twuna cTanu OgHWUM W3 Haubonee 4acrto
BCTPEYAIOLLMXCS OCMOXHEHMI, SIBMSOTCA [MABHOW MPUYMHOM rocnutanu3aumn. JleyeHme OOMKHO ObiTb KOMMIEKCHBIM,
BKMIOYAs KOHTPOMb runepriamkemuy, o6bpaboTky paH, Tepanuio UHeKUMn. IEeKTUBHBIN yXoh [OMKEH ObiTh
MyNbTUAMCUMNAMHAPHBIM U MEPCOHANWU3MPOBAHHBIM B COOTBETCTBUM C COCTOSIHUEM W NOTPeBHOCTAMM nmauueHTa. BaxHo
npoBoanTb 0OyyeHWe no npodunakTuke, obecneumBaTb SMOLMOHANBLHYK NOLOEPXKY W CTUMYNMPOBaTh MauueHTa
CcnefoBaTb PEKOMEHZaLMsM, BKIToYast perynspHbIiA yX04 3a HOraMmi 1 KOHTPOSTb YPOBHS TTHOKO3bI B KPOBM.

Knroyeenie cnoesa: caxapHbiil duabem 2 muna, cuHOpom Ouabemuyeckoli cmonkl, nepeuyHass MeduKko-caHumapHas
nomouw, MynemuducyuniuHapHas kKomanda, MeduyuHcKas cecmpa.

Ana yumuposanus: bamapbekosa LU., KyHycosa /1., Hepbucanuna I., bekbepeeHosa XK. Cunapom auabetuyeckoit
CTOMbI: MyNbTUAMCLUMNIMHAPHbIE acnekTbl U ponb MeauumHekux cectep // Hayka n 3gpaBooxpaHenue. 2025. Vol.27 (4), C.
211-221. doi 10.34689/SH.2025.27.4.026
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uAcTaHa MmeauumHa yHuBepcuTeTi" KeAK, AcTtaHa K., KazakctaH Pecny6nukachl

©3exriniri. [rabeTTik asKTblH xapacbl KaHT avabeTiHiH Xui ke3aeceTiH acKpiHybl 60Mbin Tabbinadbl XaHe amnyTaunsFa
aKkenyi MymKiH. Byn xargaigel TMiMai emgey Kayin cbaktopnapelH TepeH Ginyai, TypakTbl MeguumHanblK 6akpinayabl xaHe
MYKUSIT anfbiH anyabl Tanan eTegi.

Makcatbl: grabetTik TabaH CMHAPOMBIHBIH, MAaTOreHesi, AMarHoCTUKaChl XoHe angbiH any Typansl 3amMaHayw uoesnapabl
Tangay.

Ispey ctparerusicel. bis apebuetTeppi ianectipgik xaHe 20142024 xbingap apanbiFbiHoa XapusinaxFaH Makananapgbl
BHriMe LwornyblHa KOCTLIK. 130ey xyieni Typae akageMusnblk Aepektep kopnapbiHaa xyprisingi (PubMed, MEDLINE, CINAHL,
Embase). I3necTipy kesiHge XblHbICh! BOibIHLLA CY3rinep naiaanaHbinMaraH, xac 6oibiHLwa Tek 18 xacTaH ackaH emaenyLuinep,
an 3eptTey Typi BoibiHWa Gakbinay, IKCMIEPUMEHTTIK XoHe KalTanama 3epTTeynep eHrisinreH. Herisri i3gecTipyneH 6acka,
AvabeTTik TabaH OnarHoCTUKackIHa, EMAEYTe XoHe angblH anyFa Kasipri keskapactapabl KamTy YLUH TUICTi 6acbinbiMaapabiH
cinTemenepiHe LLIOMY XoHe XarbIKapasblk XoHe YNTTbIK YCbIHbICTapab! Tanday Xyprisingi.

Hoatmxkenep. Tangay HoTwxeciHae AnabeTTik TabaHHbIH, NaToreHesi MUKPOLMPKYNALMSHBIH, Gy3blnybIMeH, HeMponaTusHbIH,
[aMybIMEH XoHe MH(EKUMANbIK npoLecneH 6annaHbICTbl Kypaeni npoLecTepai KamMTUTbIHBI aHbIKTanabl. Haykactapab! askTbiH
BYPbIC TMrMeHackl, ThipHaK KYTiMi XoHe OypbiC asK KuiM Typanbl YIPETy OibIK Xapa Tyablpybl MYMKIH Xapakattap KaymiH
asaiTygbiH, kinTi 6onbin Tabbinagb!. AuarHocTukanblk TaCnaep XeTingipinyae, 6yn natonorvsiHbl epTe Ke3eH/e aHbIKTayFa XaHe
TepanusHbIH, TMIMAINITH apTTbIpyFa MyMKHAKK 6epepi. [uarHocTika MeH Xikreyre xyieni ke3kapacTbl YCTaHy aapirepnep MeH
MaMaHZap apacbiHAaFbl BalinaHbICThbl XaKcapTambl, ackbiHynapasl 6ackapyabl xeHingeteai. Byn yinectipinred Tacin, caiibin
KenreHae, KaHT anabeTiMeH BaiinaHbICTbl TOMeHT asKTapablH aMNyTaUNsIChIH a3alTyFa SKenyi MyMKiH.

KopbITbIHgbINap. 2 TMNTi KaHT AuabeTi 6ap HaykacTapaa asKTbiH, ©3repyi Xui ke3neceTiH acKbiHynapabiH, OipiHe aitHanb
X8He aypyxaHaFa aTkbi3yablH, Heriari cebebi Oonbin Tabbinagel. Emaey mneprnmkemusHbl Bakbinayap!, xapanapgel emaeyai
XOHE MHeKuMAnapabl eMaeyai KaMTUTbIH KelweHgi Oomnybl kepek. TuiMgi KyTiM HayKacTblH, XaFganibl MEH KaKeTTinikTepiHe
CoOliKeC MynbTUANCLUMNIIMHAPTLI XaHe AepbecTeHmipinreH 6onybl kepek. MpodmnakTukanbik Biniv Gepy, aMoLMoHangbl Konpay
KOPCETY XOHe HayKacTbl YCbIHbICTapAbl OpblHAAYFa bIHTANAHAbIPY, COHbIH illiHAe TypaKTbl asK KyTiMi XoHe KaHaaFbl [MKo3a
LEHreiiiH 6akbinay MaHpi3abl.

Tyiin ce3dep: 2 munmi KaHm Ouabemi, Ouabemmik mabaH CUHOPOMbI, anFalikbl MeOUUUHaMbIK KeMeK, Kencananb!
Kkomanda, meliipeep.

folexces ywiH: bamapbekosa LL., KyHycosa /1., epbucanuna I'., bekbepeeHoga XK. [abeTTik TabaH CMHAPOMBI:
MyNbTUOMCLMNAMHAPIBIK acnekTinep xaHe mewniprepnepaid, peni // Foinbim xaHe [eHcaynbik cakray. 2025. Vol.27 (4), b.
211-221. doi 10.34689/SH.2025.27.4.026
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Introduction

Diabetes, a disease of the endocrine system, is defined
by abnormally high levels of glucose in the blood and is one
of the most common and rapidly developing diseases in the
world [79]. The tenth edition of the International Diabetes
Federation Atlas notes that type 2 diabetes accounts for
more than 90% of all diabetes cases worldwide. Diabetes
remains a major public health problem and compared to
2019, the overall incidence of diabetes worldwide has
increased by 73.6 million, the number of undiagnosed
cases by 7.8 million, and the number of diabetes-related
deaths by 2.5 million. The Republic of Kazakhstan ranks
116th out of 214 in terms of diabetes incidence [34]. It is
projected to affect 693 million adults worldwide by 2045,
more than 50% more than the number of cases in 2017,
and by 2050, more than 1.31 billion people are expected to
suffer from diabetes [21,28].

The increase in the number of patients with type 2
diabetes directly leads to an increase in the number of
patients with diabetic complications. Diabetes affects the
heart, kidneys, eyes and nerves, leading to complications
such as heart attack, stroke, blindness, renal failure, and
amputation of the lower limbs. An unhealthy lifestyle and
metabolic dysfunction syndrome lead to an increase in the
concentration of triglycerides and non-esterified fatty acids.
Excess lipids accumulate in non-adipose tissue, blocking
insulin signaling pathways and causing insulin resistance.
This leads to an increase in glucose formation in the liver
and a decrease in its ability to absorb glucose, which
contributes to an increase in blood glucose levels and an
increase in basal insulin concentrations [59]. Increased
insulin levels promote lipid accumulation, worsening insulin
resistance and creating a vicious circle. Elevated glucose
and lipid levels cause hyperglycolipotoxicity of islet p-cells,
which damages their secretory function and quantitative
composition, further increasing glucose levels [44, 26].
Diabetic foot is a chronic destruction of deep tissues caused
by neurological dysfunctions, vascular diseases, and
bacterial infections. [24, 73]. Patients suffering from diabetic
foot syndrome, at the initial stage of development, often
experience intense manifestations of sensitivity in the feet,
such as a sensation of burning or stabbing pain, tingling,
and in the later stages - numbness, paresthesia, impaired
walking and the presence of long-term non-healing wound
defects.

The objective of the review is to analyze modern
concepts of pathogenesis, diagnosis and prevention of
diabetic foot syndrome.

Search strategy and data sources

We conducted a literature review including articles
published between 2014 and 2024. Academic databases
such as PubMed, MEDLINE, CINAHL, and Embase were
searched routinely. The main keywords used in the search
included "diabetic foot syndrome", "diabetic foot ulcers",

"multidisciplinary approach”, "nursing role", "nursing
education”, "nursing care", "nursing interventions,"
"classification of diabetic foot", "economic impact’,

"pathogenesis of diabetic foot", n "prevention of diabetic
foot". To cover different aspects of the topic, these terms
were combined with "clinical guidelines", "management",
"interprofessional collaboration". No gender filters were

used in the search, and the age criterion was limited to

patients over 18 years. Observational, experimental, and
secondary studies were included in the study. Studies
focusing on the pathogenesis, classification, and prevention
of diabetic foot, publications on the role of nurses and
multidisciplinary teams, and clinical guidelines on a
multidisciplinary approach were considered. Materials
without mentioning the role of health care professionals,
reports with an insufficient evidence base, articles that were
not peer-reviewed, publications in languages other than
English, and studies with little statistical information or
highly specialized clinical cases were excluded. Guidelines
from leading professional associations such as the
International Diabetic Foot Working Group, the International
Diabetes Federation, and the World Health Organization
were analyzed, which provided up-to-date information on
the diagnosis, treatment, and prevention of diabetic foot, as
well as recommendations on the role of health care
professionals in caring for such patients. A search for
systematic reviews and meta-analyses on the topic of
diabetic foot provided structured and summarized evidence
to facilitate the assessment of the outcomes and
effectiveness of different treatments, including the role of
the multidisciplinary team and nurses.

Mechanisms of diabetic foot formation

There are four main aspects of diabetic foot formation:
peripheral arterial disease, peripheral neuropathy, bacterial
infection and cellular dysfunction. Hyperglycemia that
occurs in diabetes mellitus stimulates non-enzymatic
glycation of collagen with amino acids of proteins, mainly
with lysine and arginine, which leads to the formation of
advanced glycation end products [10]. Hyperglycemia,
insulin resistance, excess free fatty acids, and advanced
glycation products inhibit the production of nitric oxide
synthase and reactive oxygen species, thereby reducing
oxidative stress. These products reduce the solubility of the
extracellular matrix, which leads to an increase in the
number of pro-inflammatory factors. In conditions of intense
inflammation, leukocytes adhere to the inner lining of
arteries, migrate to the site of inflammation, absorb fatty
deposits and turn into foam cells, which contributes to the
development of atherosclerosis [22]. Atherosclerosis plays
a key role in the pathological processes associated with
peripheral vascular disease. Atherosclerotic plaque rupture
can trigger thrombus formation in the peripheral arteries,
which directly leads to arterial occlusion and ischemia of the
lower extremities. The lower knee arteries (posterior tibial
artery and anterior tibial artery) are most often affected,
while the femoral and lower leg arteries (superficial femoral
artery and popliteal artery) are affected less frequently [11].
There is a poor arterial blood supply, making peripheral
ischemia one of the main causes of ulceration in 35% of
cases. Restriction of blood flow in peripheral vessels leads
to poor wound healing. Reduced arterial perfusion leads to
weakening of the peripheral pulse, increasing the risk of
ulcers, infections and delayed healing, leading to chronic
conditions with gangrene and possible amputation [55].

Different types of diabetic neuropathy can be classified

according to various criteria: anatomical distribution
(proximal, distal, symmetrical, asymmetrical, focal,
multifocal, diffuse), clinical course (acute, subacute,

chronic), characteristic features (painful, painless, sensory,
motor, autonomic) or pathophysiology [2]. Sensory
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neuropathy is characterized by decreased or lost
proprioception, superficial sensation, pain and temperature
sensation. Burning feet syndrome is considered particularly
severe, usually occurring at night and accompanied by
intense pain. The pain subsequently decreases due to
chronic sensory neuropathy. Due to the lack of pain, serious
lesions or minor injuries may remain unnoticed, people with
diabetes may not feel a sharp object in their shoes, which
increases the risk of re-injury and often goes unnoticed for
several weeks. Peripheral autonomic neuropathy can lead
to vasomotor paresis, promotes the formation of
arteriovenous shunts in the subcutaneous vascular network.
Neuropathy can cause decreased function of sweat glands,
leading to dry and fragile skin prone to cracking, decreased
ability to vasoconstriction controlled by the sympathetic
nervous system, and impaired regulation of skin
microvessels, which contributes to local edema. Motor
neuropathy contributes to accelerated depletion of the
extensor muscles, manifested in atrophy of the small
muscles of the foot. Imbalance between flexors and
extensors leads to incorrect positioning of the toes, foot
deformities, and an unstable gait. Incorrect distribution of
weight on the foot, long periods of stress on the foot when
walking, or minor injuries can cause the formation of a
callus, which progresses to an ulcer [76, 47, 75, 77, 61].
Foot ulcers caused by inadequate blood sugar levels
lead to diabetic foot infections. Infections occur when there
are open wounds and begin with a breakdown of the
protective layer of skin at the site of injury or ulcer. In
diabetics, signs and symptoms of inflammation may be
hidden by the presence of peripheral neuropathy, peripheral
arterial disease, or immune dysfunction. Because wounds
are colonized by microorganisms, infection cannot be
determined based on wound culture alone [43, 16]. The
infection may manifest as a localized superficial skin lesion
or as deeper structural lesions that extend beyond the initial
site. Such infections can involve joints, bones, and the
circulatory system [57]. In the meta-analysis by Macdonald
KE. et al, the most common microorganism was
Staphylococcus aureus, of which 18.0% (95% CI 13.8—
22.6%; 12 = 93.8% [93.0-94.5%)]) were methicillin-resistant
Staphylococcus aureus. Common microorganisms included
Pseudomonas spp., Escherichia coli, and Enterococcus spp
[45]. Diabetics were found to be 4.75% more likely to be
colonized with methicillin-resistant Staphylococcus aureus
(p<0.0001). The data showed that the prevalence of
methicillin-resistant Staphylococcus aureus was 16.78%
(95% CI, 13.21-20.68%). Among 2147 cases of skin and
soft tissue infections not associated with foot infections, the
proportion of methicillin-resistant Staphylococcus aureus
was 18.03% (95% Cl, 6.64-33.41) [71]. It has been proven
that methicillin-resistant staphylococcus aureus infection
does not increase mortality, is associated with an increased
frequency of hospitalizations and an increased risk of limb
amputation [63]. In polymicrobial infections, identifying the
specific microorganism causing the infection can be difficult
because of the presence of multiple pathogens. Synergistic
interactions between different microbial species can
enhance their virulence or antibiotic resistance, making it
difficult to isolate and identify the infectious agent. The
composition of microbes in polymicrobial infections can vary
from patient to patient and over time within the same

patient, making it difficult to identify the main pathogen
responsible for the infection. Many microorganisms can
form biofilms that protect them from antibiotics and the
body's immune responses. Biofilms may include multiple
microbial species, making it difficult to identify the dominant
pathogen [7].

The wound healing process is a complex process and
involves a sequence of interrelated stages, starting with the
hemostatic phase, the inflammatory phase, the proliferation
phase and the remodeling phase, which results in the
formation of a scar [12]. Macrophages play a key role in the
wound healing process. In the early stages, they promote
inflammation, eliminate pathogens, and remove apoptotic
cells. In the later stages of the healing process, they reduce
inflammation and produce factors that control the
proliferation, differentiation, and migration of keratinocytes,
fibroblasts, and endothelial cells, which promotes
neovascularization and wound healing. Macrophages in
diabetics exhibit changes that affect their ability to engulf
pathogens and remove apoptotic cells. This leads to a
weakening of the body's ability to fight infections, since the
process of efferocytosis is important for the transition of
macrophages to the reparative M2 phenotype at the site of
injury. Insufficient numbers of M2 macrophages lead to
delayed wound healing and, in many cases, to further tissue
damage. Another complication is a decrease in the body's
ability to fight infection, which increases the likelihood of
amputation [1, 80, 60].

Classification is a key factor in determining
treatment strategy

To ensure widespread use of a classification system, it is
necessary that it be easy to use and not require specialized
equipment. For convenience, it is important that the system
contains the necessary information for effective categorization
of patients and is sufficiently reliable [53]. Classification is
usually used for description, while scoring is a numerical
indicator that reflects severity. It is difficult to imagine how one
classification system can simultaneously serve both functions.
The choice between descriptive and numerical classification
depends on the clinical situation [27].

The Meggitt-Wagner classification, originally introduced
by Meggitt and later expanded by Wagner, is a linear, six-
tiered classification system for diabetes. The first three tiers
of the system focus on the depth of foot involvement.
Despite its limitations, the classification is popular due to its
intuitive simplicity and ease of use [27, 78, 50]. Although the
validation of the Wagner classification was insufficient and
unable to clearly differentiate between different types of
ulcers, it became the first widely used classification and
continues to classify patients according to the Meggitt-
Wagner scale and even provides compelling arguments that
such systems can be successfully applied by practitioners
regardless of their experience in wound care [18]. A study
by Shah P. et al. evaluated various diabetic foot lesions
according to the Wagner classification. The most common
lesion among 50 patients was Wagner grade 2 foot ulcer,
which was observed in 42% of cases, grade 3 lesions were
found in 34% of patients, and grade 4 lesions in 12% of
patients. The study found a strong positive correlation
between Wagner grade and age [68].

The University of Texas system is designed to assess
the depth of a wound, classify it according to the presence
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of infection and ischemia. The system does not consider
neuropathy or ulcer areas; it offers grades from 0 to 3 and
stages from A to D. lts complexity lies in various degrees
and stages, which can make it difficult to memorize and
apply in everyday practice [29]. The aim of the study was
Santema T.B. et al. It consisted of assessing the agreement
between observers on two classifications: Meggitt-Wagner
and the University of Texas. The consistency of the Meggitt-
Wagner classification between the observers was
moderate, amounting to 0.415 (95% Cl 0.413-0.418).
Nurses demonstrated slightly but statistically significantly
(p=0.006) a higher level of agreement between observers
(0.423; 95% CI 0.420-0.426) compared with doctors (0.404;
95% Cl 0.392-0.417). The agreement between the
observers according to the University of Texas classification
was also moderate, amounting to 0.462 (95% CI: 0.445-
0.479) among doctors and 0.451 (95% Cl 0.447-0.456)
among nurses, with no significant differences between the
observer groups (p=0.238). It follows from the results that
both classifications cannot be used as a single tool for
selecting treatment methods or comparing them with
research data. It is recommended to use them together with
additional clinical information [64].

The Society for Vascular Surgery of the Lower
Extremities Guidelines Committee has introduced WiFi
(Wound, Ischemia, and Foot Infection System). The system
addresses three key risk factors that can lead to the need
for lower extremity amputation [78]. Wounds are classified
into four grades, from zero to three, based on size, depth,
severity, and prognosis for healing. Zero grade means the
patient has no wound. Grade | wounds are characterized by
minor tissue loss that can be repaired with simple
techniques such as digital amputation or skin grafting.
Grade Il wounds are more severe but can be treated with
multiple digital amputations or a standard transmetatarsal
amputation. If there is extensive tissue loss requiring
amputation closer to the level of a standard transmetatarsal
amputation or the need to use a free flap, or if there is a
deep heel ulcer that extends through the entire thickness of
the foot, this is considered a grade Il wound. Advanced
gangrene that does not allow the functional foot to be saved
is excluded from the classification [49]. An additional
harmonized notation for re-evaluation of WiFi during
treatment of a compromised limb is proposed. To correctly
assess the increase or decrease in WIfl, the time frame of
events and associated interventions must be considered to
reflect the actual status of the limb. This division includes
four stages: initial presentation, during therapy, recovery,
and relapse. When assessing an index ulcer, the clinician
should begin with an assessment of the initial presentation
that is associated with the risk of severe lower limb
ischemia and/or the possibility of revascularization, which
will be the preliminary WIfl or "pWIfl" score. During and after
treatment, regardless of the type and number of procedures
and the follow-up time, the score can be re-evaluated as
many times as necessary using the post-treatment WIfl or
"tWIfl" score. Re-evaluation remains important since the
ischemic component may persist. Therefore, the user
should designate the status with "hWIfl" [14].

The S(AD) SAD - Size, (Area, Depth), infection
(Sepsis), ischaemia (Arteriopathy) and neuropathy
(Denervation) system consists of five main components,

each of which is rated on a scale from 0 to 3. Criticisms that
the system attracted concerned the lack of detail in key
clinical categories and the inclusion of Charcot neuropathy
as a degree of neuropathy severity. It was because of these
concerns that the system was improved and transformed
into the SINBAD system [27].

The SINBAD (Site, Ischemia, Neuropathy, Bacterial
infection, Depth) scoring system includes six criteria, each
of which is scored as present or absent (0 or 1) during the
examination of the ulcer and foot [30]. The classification is
easy to use, yet reliable, and provides the required
information without the need for specialized equipment,
except for routine clinical examinations. The system uses
complex parameters with clear criteria, which facilitate rapid
and accurate clinical decision-making to prevent lower limb
amputation [15].

The PEDIS system (Perfusion (ischemia), Extent (area),
Depth, Infection, Sensation (neuropathy)) developed by the
International Diabetic Foot Working Group includes five
domains. Unlike SINBAD, PEDIS does not take location into
account. It differs from the University of Texas system and
S(AD) SAD in that it is specifically designed for the
selection of participants in prospective studies. PEDIS uses
clear definitions for different degrees of peripheral arterial
disease and infection, which gives it the character of
complexity [27, 19].

Fife C.E. et al. created the Wound Healing Index (WHI)
to predict the likelihood of wound healing in patients with
diabetic foot disease based on individual characteristics of
both the patient and their wound. The WHI is composed of
10 variables: wound area, patient mobility (ability to walk
without assistance, with a cane, on crutches, with a walker,
in a wheelchair, or confined to bed), hospitalization status
(whether the patient was hospitalized on the day of care),
wound count (the total number of ulcers or wounds the
patient has), infection status (evidence of bacterial
contamination in the wound), renal status (whether the
patient is on dialysis or has had a transplant), and ulcer
grade according to the Wagner scale [25].

The Diabetic Foot Ulcer Assessment Scale (DFUAS)
developed by Arisandi D. et al. is designed to monitor the
progression of diabetic ulcers over time and to assess the
effectiveness of interventions. It includes 11 items, with a
minimum and maximum score of 0 and 98, with a higher
score indicating severe wound disease [8].

The Diabetic Foot Risk Assessment (DIAFORA) tool
includes eight variables. The tool is divided into two parts:
the first four variables are designed to predict the likelihood
of ulcer development, the full version, considering all eight
variables, is used to assess the risk of amputation in people
with an existing diabetic foot. The scoring system includes
points: 4 points for the presence of neuropathy, 1 point for
foot deformity, 7 points for peripheral arterial disease, 3
points for a history of diabetic foot ulcer or lower limb
amputation, 4 points for multiple ulcers, 4 points for
infection, 10 points for gangrene and 7 points for bone
damage in diabetic foot. The scale used is less than 15
points - low risk, from 15 to 25 points - average risk, more
than 25 points - high risk [51].

Chetpet A. et al. developed a scale to assess the risk of
amputation in patients with diabetic foot ulcers. It includes
13 parameters: sensory neuropathy (according to the
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Semmes-Weissman test), motor neuropathy (deep tendon
reflexes and muscle strength level), ulcer grade according
to the Rutherford classification, diabetes duration, age,
glycated hemoglobin level, foot deformities, history of
previous amputations, ankle-brachial index, ulcer depth,
assessment according to the criteria of the Infectious
Diseases Society of America, habit of walking barefoot
outdoors and the presence of comorbidities. The score
ranges from 3 to 41 points, where higher values indicate a
worse prognosis [20].

Jun D. et al. developed the DIRECT (Debridement of
necrosis, Infection control, Revascularization, Exudate
control, Chronicity, and Top surface) coding system as a
simple, systematic, and standardized tool for evaluating all
types of wounds. The system includes six scoring
components, each based on pathophysiological aspects
that influence the healing process: debridement of necrosis,
infection control, revascularization, exudate control,
chronicity, and top surface analysis [40].

The new SHID model (Suriadi, Haryanto, Imran, and
Defa) was developed based on the authors' clinical
observations of patients with diabetic ulcers in Indonesia. It
not only covers the levels from skin tissue to bone, but also
includes elements aimed at preventing complications. The
first classification describes the superficial layer covering
the epidermis and/or dermis, the second considers the
occurrence of one or more signs or symptoms of infection
and/or inflammation, ischemia, or osteomyelitis. The third
class covers injuries involving the lower layers of the dermis
(subcutaneous) that extend to tendon but do not reach
bone; the fourth class covers injuries to subcutaneous,
muscular, fascial, and tendinous tissues with one or more
signs of inflammation, infection, ischemia, or osteomyelitis;
the fifth class describes injuries to all skin tissue that reach
bone, including areas with localized and extensive
gangrene; the sixth class is similar to the fifth class but is
supplemented by one or more of the following signs:
inflammation, infection, ischemia, or osteomyelitis [72, 36].

The authors Monteiro-Soares M. et al. [52], Oe M. et al.
[56] presented a scale for assessing the condition of the
diabetic foot, including seven parameters: depth,
maceration, inflammation/infection, size, type of tissue in
the  wound, type of wound edge and
tunneling/subcutaneous emphysema. The total score can
range from 0 to 34

Despite the existence of classification and grading
systems, existing systems suffer from insufficient validation
in specific populations, inadequate consideration of regional
differences, and incomplete assessment of risk factors and
outcomes [4, 6].

Interdisciplinary approach and the role of nurses

Since the disease itself, type 2 diabetes, and
consequently its complication, diabetic foot, cannot be
completely cured, correct and timely education of patients
at the stage of primary care is of paramount importance
[70]. Effective and timely treatment of foot lesions require a
comprehensive approach, including accurate diagnosis and
classification, systematic assessment of risk factors, and
appropriate selection of treatment tactics. A diabetic foot
care team that takes a comprehensive approach, viewing
foot changes as an indicator of a systemic disease, and
integrates various related medical fields plays a leading role

in care planning, patient management, and delivery of care
[67]. According to a systematic review by Musuuza et al.,
the composition of healthcare teams for diabetic foot care
varies widely across the world. A review of studies found
that major limb amputations due to diabetic foot care were
reduced by 94% when patients in this category were cared
for by a multidisciplinary team. Teams should include
representatives from medical and surgical specialties, have
a clear structure with core and additional members, follow
care algorithms to ensure timely and comprehensive care,
and address four key tasks: blood glucose control, wound
and vascular care, and infection control [54]. According to
practical recommendations for the prevention and treatment
of diabetic foot diseases, in all countries of the world for
optimal work there should be at least three levels of care
organization with the participation of interdisciplinary
specialists. The first level should include: a general
practitioner, an orthopedist and a nurse, the second level -
a diabetologist, a surgeon, a vascular specialist, an
infectious disease specialist or a clinical microbiologist, an
orthopedist or prosthetist and a nurse. The third is a
specialized reference center focused on the treatment of
foot diseases associated with diabetes, in which several
experts from related disciplines work [66]. Wound care
specialists play an important role in a multidisciplinary team
committed to achieving positive outcomes. Their in-depth
knowledge of chronic wound care is based on certification
and years of training, giving them the knowledge, skills, and
abilities to develop an effective, evidence-based patient
care plan [31]. Most often, the multidisciplinary team
includes: an endocrinologist, a vascular surgeon, a
podiatrist, and nurses, who have a special key role in the
team. Due to the long-term care and treatment, nurses
interact with the patient longer, determine his primary
needs, make a nursing diagnosis using their clinical thinking
and combining clinical, social, behavioral and other data,
and create long-term and short-term care plans [46]. Nurses
provide standard patient education on foot care, proper
shoe selection, daily examination, wound care, dressing,
and reduction of factors that contribute to decreased quality
of life, which can delay the progression of foot ulcers, which
is a key primary prevention strategy to reduce the overall
disease burden and overall morbidity [69]. Thus, a
prospective study analyzed changes in the feet of patients
with type 2 diabetes mellitus who attended a nursing
appointment lasting from 30 minutes to an hour. During the
appointment, during the foot examination, patients were
advised to carefully monitor any changes, and were given
recommendations on foot care, including the rules for
washing and drying feet, cutting nails, and choosing
suitable socks and shoes. At the end of each appointment,
patients were given written recommendations on
prevention, as well as a folder containing data on glucose
levels, lipid profile, blood pressure, and weight. After
multivariate analysis, it was found that the only factor that
reduced the risk of death was the time spent under the
supervision of nurses (95% CI 0.66 (0.61-0.71)). Each year
of patient supervision by nurses reduced the risk of death
by 34% across all classifications of diabetic foot. The study
found that patients who had their feet checked regularly by
nurses and who attended appointments over many years
lived longer due to a reduced risk of complications [65]. The
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study by Mekonen E.G. et al. showed the following results:
patients who had not previously received information about
foot care rules had an 838% higher risk of poor foot care
than those who had been informed [AOR = 0.12, 95% ClI
(0.06, 0.24)]. Patients who received good support from
family had a 57% lower likelihood of poor foot care than
those who faced insufficient support [AOR = 0.57, 95% ClI
(0.34, 0.94)] [48].

Comprehensive nursing intervention is an integrated
and multidisciplinary approach to care that includes health
education, nutritional advice, physical activity, medication
therapy and other aspects of nursing care. This approach
helps improve patients’ awareness of diabetic foot disease
and their self-management skills, which allows them to
manage the disease more effectively, reducing the
incidence of diabetic foot disease and amputation rates
[81]. A study by Ren M. et al. included 185 patients with
diabetes at high risk for foot disease. They underwent
intensive nurse education, which included individual
counseling on diabetes and foot disease, as well as
education on foot care. According to the results, toe ulcers
were found in 24 cases, which accounted for 48.0% of the
total number of ulcers, of which 70.8% were located on the
big toe. The incidence of foot ulcers decreased from 41.2%
to 11.1% after nurse education, but the location of the
ulcers did not change: half of them were still on the toes.
[62].

There are a widespread belief that systematic,
organized and regular education plays a key role in
preventing diabetes-related foot changes, so effective
patient education on foot care includes specific, clear and
understandable information about their condition to enable
patients to be active participants in their own care [3].
Education should be culturally sensitive, gender sensitive,
appropriate to health literacy, and personal circumstances.
It is important to assess how clear the recommendations
are to the patient, family members, or caregivers, how
motivated they are to follow the recommendations, and
whether the patient has sufficient self-care skills. Traditional
didactic education, a classic approach that focuses on
imparting knowledge and convincing patients to follow
certain rules, often has little impact on their self-care habits.
In contrast, modern strategies such as open-ended
communication, interview style, and collaborative approach
have been shown to be more effective in changing
behavior. These new approaches better engage patients in
the treatment process and promote intrinsic motivation to
change health-related behavior. The study by Heng M.L. et
al. analyzed modern communication approaches and their
impact on improving patient education outcomes.
Participants were randomly assigned to either collaborative
patient education or ftraditional didactic education.
Participants in the experimental group showed greater
improvement in knowledge retention and self-care
behaviors compared to the control group. There was a
significant increase in scores at post-study compared to
baseline (p<0.001) [33]. Education about proper diabetic
foot care and practicing self-care are key to preventing
diabetic foot disease [58]. In a study by Alrashed F.A. et al.,
it was found that among patients with good knowledge of
proper foot care, 44% inspected their feet daily, while only
13% did not. Among patients with diabetes who inspected

their shoes before using them (always - 44% and
sometimes - 31.6%), 75.6% had good knowledge of proper
foot care [5]. In this context, the knowledge and skills of the
professionals themselves will be a decisive factor. The
medical staff who provide such instructions should undergo
regular training to improve their skills in caring for patients
[67]. For greater efficiency, it is recommended that medical
workers themselves take part in organizing and conducting
theoretical and practical training programs without
interruption from work, considering the needs for training.
As is known, the correct balance between theory and
practice not only contributes to an increase in the level of
knowledge but also improves skills that will contribute to
improving the behavior of patients in caring for themselves
and improving their quality of life [41]. A qualitative analysis
of participants' perceptions identified four key themes
influencing foot care: personal knowledge of people with
similar problems had a positive impact on care, while the
emotional impact of diabetes and physical, social and
everyday limitations made it difficult [39].

Economic Impact

There is a global effort to develop and implement
effective treatments that can heal ulcers and prevent
serious sequelae. There are many treatments for diabetic
foot disease, and access to these treatments remains a
challenge, particularly in low- and middle-income countries.
Information on ulcer management in health care settings
and outcomes related to amputation prevention are widely
available. However, information on interventions to prevent
diabetic foot disease is rare. With new factors such as the
global epidemic of infectious diseases, diabetes outcomes
may be even more important and should be considered in
planning future public health interventions [23]. It is
therefore important to conduct well-designed clinical trials to
confirm the effectiveness of new treatments, management,
diagnosis and prevention [37]. There is currently significant
investment in clinical practice, clinical research and public
health interventions, but there is no sign of a slowdown in
the growth of chronic diseases [42]. The high frequency and
difficulty of treating foot lesions require significant financial
resources and increased medical care costs. It is natural
that under such conditions there will be a significant
financial burden on the country's health care system, which
includes direct and indirect costs such as lost wages,
disability, and the burden on the few medical personnel
[74]. Costs include direct costs such as hospitalization,
medical supplies, medications, and surgeries, as well as
indirect costs associated with the social and psychological
consequences of diabetic foot complications. In a study on
the productivity and work capacity of patients with diabetic
foot, patients were divided into three groups. The results
showed that patients with diabetic foot experienced more
difficulties in time management, planning, and performing
tasks requiring physical strength, mobility, endurance,
coordination, and flexibility. This group also reported
limitations in performing cognitive tasks and interacting with
colleagues, and a reduced ability to complete work within
the established deadlines and to the required volume and
quality. Regarding absenteeism, patients reported the
greatest number of workdays missed due to health
problems [17]. The burden associated with diabetic foot
care is difficult to quantify accurately, and cost estimates
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vary widely across sources. For example, researchers in
New Zealand found that the economic burden was
significantly higher than they had expected [38]. In a study
by Barshes N.R. et al., the authors found that the costs of
treating diabetic foot disease were three times greater than
the costs of treating colorectal cancer [13]. The average
cost of the United Kingdom National Health Service for
wound treatment over 12 months was 7,800 pounds for a
diabetic foot ulcer, with 13% of this amount accounted for
amputations. Treatment of a non-healing diabetic foot was
four times more expensive than that of a healed one (2,140
pounds for a healed one and 8,800 pounds for an unhealed
one). The cost of treatment for an amputated limb was
16,900 pounds, not including rehabilitation after amputation
[32]. According to the study by Armstrong et al., the overall
economic impact of diabetic foot disease is comparable to
cancer in all respects, and yet assistive technologies that
can predict and prevent the disease could lead to potential
savings in health care costs, but only in the short term. An
emphasis on early preventive treatment and long-term
maintenance therapy for diabetic foot lesions during
remission would lead to increased life expectancy and
improved health outcomes. And the financial savings from
shifting focus from treatment to prevention could be used as
investments to find and address the causes of diabetes
complications, thereby reducing future suffering [9]. In a
study by Jais S. et al., wound care specialists in private
hospitals in Indonesia demonstrated greater cost-
effectiveness in treating diabetic foot ulcers. Their cost was
IDR 2,804,423.3, significantly lower than IDR 6,483,493.4
for nurses in public hospitals. The incremental cost-
effectiveness ratio was -165,723.9 [35].

Conclusions

The review analyzes key aspects of diabetic foot
syndrome development, its mechanisms, and major risk
factors. The results of the analysis indicate that the
pathogenesis of diabetic foot includes complex processes
associated with impaired microcirculation, development of
neuropathy, and infectious diseases. Timely identification of
risk factors and implementation of educational programs for
patients and their families on self-care and foot care play an
important role in prevention, helping to reduce the incidence
of complications. Effective care should be individualized
according to the patient's conditon and needs. It is
important to conduct prevention education, provide
emotional support, and motivate the patient to follow
recommendations, including regular foot care and blood
glucose monitoring. Treatment should be comprehensive
and include hyperglycemia control, wound care, infection
therapy, and arteriopathy correction, since developing
tissue necrosis can lead to a reduction in life expectancy
due to the need for amputation, deterioration in quality of
life, and increased health care costs.
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