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1. Introduction 

 
   
The main problem in the development of diabetic foot ulcer (DFU) 
is microangiopathy. DFU and lower extremity amputation (LEA) are 
independent risk factors associated with early death1. The 5-year 
survival rate in patients with diabetes who develop lower extremity 
complications is worse than in patients with many common types of  
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cancer2. Duration of diabetes, glycemic control, and epigenetic fea-
tures are the most effective factors in the development of complica-
tions3. The development of micro and macrovascular complications 
in diabetes is an independent risk factor in the development of DFU. 
Today, despite the advances made in elucidating the potential mech-
anisms underlying DFU (physiologic, pathologic, cellular, molecular 
signaling pathway, and epigenetics), the same parallelism has not 
been achieved in its treatment. The fact that the wound is associated 
with complex pathogenic factors makes the treatment difficult. Es-
pecially in a wound complicated by infection and combined with 
vascular insufficiency, the failure rate in treatment will increase if 
both infection and microvascular insufficiency cannot be managed 
simultaneously. 

 

Aim: To review the effects of diabetes-related diseases on the healing process and amputation decision in diabetic 

foot ulcers (DFU), negative pressure wound therapy (NPWT) results, and current treatment approaches. 

Methods: The study was planned as retrospective and cross-sectional. Data of patients who were admitted to our 

clinic due to DFU and were treated were examined. A total of 38 patients were included in the study. The results 

of patients (n=19) who underwent periodic debridement and classic dressing were compared with the results of 

patients (n=19) who underwent NPWT. Healing in patients was achieved by amputation (n=8), repair with partial 

thickness grafts or flaps (n=10), and secondary epithelialization development (n=10). The effect of diabetes-re-

lated peripheral arterial disease (PAD), cardiovascular disease (CVD), chronic kidney disease (CKD), diabetic reti-

nopathy (DRP), and previous amputation history (AH) on recovery time was examined. The predictive importance 

of diabetes-related diseases for amputation was investigated. 

Results: It was determined that diabetes-related diseases caused a delay in wound healing. [PAD (p<0.044), CVD 

(p<0.016), CKD (p<0.001), DRP (p<0.001)], The delay in wound healing was evident in the presence of CKD and 

DRP. Wound healing time was not affected in patients with AH (p>0.05). The incidence of PAD was higher in 

patients who underwent amputation. There was no significant difference between NPWT (mean 67 days) and the 

classic dressing group (mean 73 days) in terms of healing time (p>0.05). 

Conclusions: In the presence of diabetes-related diseases, wound healing time was prolonged. This effect was 

more evident in the presence of DRP and CKD. This may be explained by microvascular disease, but larger series 

studies are needed. Wound healing was not affected in patients with AH. The incidence of PAD was found to be 

higher in patients who underwent amputation. Improving the care conditions of patients with diabetes and ac-

cessing treatment facilities will reduce DFU and amputation rates. No difference was found between NPWT and 

classic dressing in terms of healing time. However, it was observed that NBWT increased the development of 

granulation in the wound, reduction of edema, wound contraction, and the chance of success of the graft or flap 

surgery. Innovative studies are needed to develop optimum wound surfactant molecules in this regard. 
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Studies show that major amputations are not the solution. There-
fore, wound care, which is the step before amputation, is very im-
portant for patients with diabetic foot. Developed as an alternative 
to traditional wound treatment, NPWT has made this process more 
transparent by understanding many mechanisms in wound healing. 
Studies have shown that NPWT increases granulation tissue, accel-
erates wound healing by increasing local blood flow, and removes 
exudate and proinflammatory cytokines from the environment. In 
wound healing, NPWT acts by causing contraction in the wound 
with negative pressure applied to the surface, protecting the wound 
from external micro-organisms, keeping the wound warm and 
moist, drawing exudate in the soft tissue, reducing edema in the 
wound, and increasing cellular proliferation4. 
The study aimed to investigate the effect of diabetes-related dis-
eases (PAD, CVD, CKD, DRP), previous amputation history, and 
NPWT on the healing process and amputation decision. 
 

2. Materials and methods 
 
The study was planned as retrospective and cross-sectional. Infor-
mation about patients who applied to our clinic due to diabetic foot 
between 2008 and 2011 was retrospectively reviewed. A total of 38 
patients were included in the study. 
Patients with a follow-up period of less than 1 year, oncology pa-
tients, patients with systemic connective tissue disease, patients re-
ceiving immunosuppressive therapy, and pregnant patients were 
excluded from the study. 
Approval for the study was received from the ethics committee of 
our institution. Informed consent was obtained from all patients in 
accordance with the Declaration of Helsinki. The study was started 
after receiving ethics committee approval. 
The patients' age, sex, duration of diabetes, recovery time, treat-
ments administered, and presence of comorbid diseases were exam-
ined retrospectively. Data were accessed from the archive, patient 
files and information processing system. 
Healing: Ensuring epithelial continuity with no discharge or signs of 
infection in the wound was considered as the absence of an open 
wound. 
Peripheral artery disease (PAD): Ankle brachial index (ABI) less than 
0.90. 
Chronic kidney disease (CKD): Albuminuria greater than 30 mg/g 
creatinine and estimated glomerular filtration rate (tGFR) less than 
60 mL/min/1.73. 
Cardiovascular disease (CVD): Presence of hypertension, coronary 
artery disease, and heart failure. 
Diabetic retinopathy (DRP): Monitoring the changes due to nonpro-
liferative retinopathy within the borders of the retina and prolifer-
ative retinopathy extending into the vitreous during fundus exami-
nation. 
History of amputation (AH): Major or minor limb loss in the lower or 
upper extremities at any stage of life in a patient with diabetes. 
Negative pressure wound therapy (NBWT): This was applied to the 
wound after debridement and irregulation, if necessary, and NBWT 
changed every 3 days, until the wound was ready for surgery or until 
dermal healing was completed. 
Classic dressing: After the necessary debridement and irregulation 
of the wound, dressings was changed daily and used until the wound 
was ready for surgery or until dermal healing was completed. Sterile 
gauze was applied to the wound surface after moistening it with iso-
tonic solution.  
   2.1. Statistical Analysis 

    Normality control of continuous variables was evaluated using the 
Shapiro-Wilk test. The independent sample t-test was used in cases 
that showed normal distribution, and the Mann-Whitney U test was 

used in cases that did not. Fisher’s exact test was used to analyze 
categorical data. The analysis of the data was evaluated in the Sta-
tistica version 13.5.0.17 program. The statistical significance level 
was accepted as 0.05. 
 

3. Results 
 

   The average age of the patients included in the study was 53.6 
(min 31–max 85) years. There were 14 female patients and 24 male 
patients. The average diabetes duration of the patients was 12.8 
(range, 1 - 25) years. 
    There was a history of PAD in 39% of the patients, CVD in 65%, 
CKD in 42%, DRP in 63%, and AH in 21%. It was determined that 
the healing time (days) prolonged with the presence of PAD 
(p<0.044), DRP (p<0.001), CKD (p<0.001) and CVD (p<0.016). It 
was found that the delay in wound healing was quite evident in the 
presence of DRP and CKD. Wound healing time was not affected in 
patients with AH (p>0.05). (Table 1) 
     
 

 
Recovery times in the presence of diabetes-related diseases and 

amputation history 

 

  n Mean±SD Median [IQR] Min-Max p 

DRP 
No 14 52.86±12.30 55 [41.25-65.5] 37-73 

<0.001a 
Yes 24 73.08±13.36 73 [67-84.5] 35-90 

CKD 
No 22 56.82±13.00 62.5 [42-67] 35-73 

<0.001a 
Yes 16 77.75±11.78 80.5 [68.5-87] 46-90 

PAD 
No 23 61.39±16.32 67 [42-73] 35-90 

0.044b 
Yes 15 72.13±14.09 73 [67-87] 44-90 

CVD 
No 13 56.23±16.37 60 [40.5-67] 37-85 

0.016a 
Yes 25 70.52±14.10 67 [66-82.5] 35-90 

AH 
No 30 65.03±16.77 67 [52.75-77.5] 35-90 

0.665b 
Yes 8 67.88±14.55 67 [58-81] 42-87 

a:Mann-Whitney U test. B:Independent Samples t-test, IQR:Interquartile Range 

 
 

 
Amputation rates in diabetes-related diseases 

 

  
 Amputation 

Total 
 

 
 Yes No 

   n % n % n % p 

DRP 
No  10 33.3 4 50.0 14 36.8 

0.433 
Yes  20 66.7 4 50.0 24 63.2 

CKD 
No  17 56.7 5 62.5 22 57.9 

0.999 
Yes  13 43.3 3 37.5 16 42.1 

PAD 
No  21 70.0 2 25.0 23 60.5 

0.039 
Yes  9 30.0 6 75.0 15 39.5 

CVD 
No  12 40.0 1 12.5 13 34.2 

0.222 
Yes  18 60.0 7 87.5 25 65.8 

p: Fisher’s exact test 

 

 

 

Table 1 

Table 2 
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Of the patients who underwent amputation (n=8), 50% had DRP, 
37% had CKD, 75% had PAD, and 87.5% had CVD. When patients 
with and without amputation were compared, it was determined 
that PAD was important in the amputation decision (p=0.039). (Ta-
ble 2) 
     In terms of healing time, the difference between NPWT (mean 67 
days) and the classic dressing group (mean 73 days) was not signif-
icant (p>0.05). However, a significant reduction in extremity edema 
was observed in patients who underwent NPWT. Macroscopically, 
an increase in wound contraction and granulation tissue was ob-
served. (Table 3) 
 
 

 
Healing time NPWT and classic dressing 

 

 n Mean±SD Median [IQR] Min-Max p 

NBWT 19 68.79±9.43 67 [67-67] 55-90 
0.665 

Classic dressing 19 62.47±20.7 73 [42-83] 35-89 

p:Mann-Whitney U test, IQR:Interquartile Range 

 
 

4. Discussion 
 
    It is known that the prevalence of PAD in diabetes is between 20% 
and 50%5. In studies, PAD has been found to be associated with de-
layed wound healing, infection and increased amputation rates6-7. 
When patients with and without amputation were compared, it was 
understood that the presence of PAD was important in the decision 
for amputation. The predictive importance of  PAD for amputation 
can be more clearly understood through larger series of studies. 
However, it was seen that wound healing was delayed in the pres-
ence of PAD. 
    In prospective clinical studies, CVD has been associated with se-
vere DRP, end-stage CKD, delayed healing of ischemic ulcers, rapid 
progression, amputation, and mortality8. In our study, it was deter-
mined that DFU recovery time (days) increased in the presence of 
diabetes-related PAD, DRP, CVD, and CKD. This effect was quite evi-
dent in the presence of DRP and CKD. This result may be explained 
by microvascular disease because microvascular disease associated 
with diabetes is pathognomic, especially in the development of DRP 
and CKD, and is important in predicting prognosis9. No information 
could be found in the literature regarding the risk of microvascular 
disease and DFU development and its predictive importance for am-
putation. 
    The lifetime risk of lower extremity amputation in patients with 
diabetes is approximately 25%10. In our study, the prevalence of am-
putation was 21%. The presence of diabetes-related PAD, DRP, CVD, 
and CKD creates an increased risk for foot ulcers and lower extrem-
ity amputations. These data was supported by the results of our 
study. In our study, the incidence of PAD was found to be high in 
patients with AH.  
    Studies have shown that the greatest risk for amputation is low 
socioeconomic status and poor self-care11. The strongest clinical in-
dicator in the development of  DFU is the presence of a previous foot 
ulcer or AH12. However, there is no information about whether it af-
fects the healing time. We determined that the wound healing rate 
was not affected in patients with AH. 
    The most important factor playing a role in diabetic wound pa-
thology is cellular aging. Senescent cells have a phenotype that pro-
duces a secretome rich in pro-inflammatory cytokines and tissue-
degrading proteases. Chronic wound microenvironment, high levels 

of inflammation, and oxidative stress induce cell aging13. Applying 
negative pressure to the wound appears to be very effective in re-
structuring cells, ensuring matrix regeneration, and removing in-
flammation mediators from the environment. However, there is no 
consensus on the effectiveness of NPWT in the treatment of DFU. 
     There are studies indicating that it does not contribute to short-
ening recovery time. On the other hand, there are also studies indi-
cating that NPWT shortens the recovery period, but is not cost-ef-
fective14. Some studies report that it increases the granulation tissue 
and increases the chance of graft success in post-graft application15. 
One of the aims of NPWT is to prepare the wound for surgery as 
soon as possible. The clinically expected result may not be complete 
wound closure. It is an intermediate step in completely closing the 
wound and aims to shorten the hospital stay16. 
    In our study, no statistically significant difference was found be-
tween the NPWT group (mean days) and the classic dressing group 
(mean days) in terms of recovery time (p>0.05). Negative pressure 
applied physically to the wound at optimum pressure and frequency 
reduces the bacterial load by drawing exudate. However, the most 
important parameter of NPWT’s antibacterial effect is the surface 
contact material. Polyurethane sponge containing silver nitrate is 
frequently used. In studies conducted on this subject, the results of 
using polyurethane sponges containing boric acid as wound contact 
material in NPWT are remarkable. Innovative developments in 
wound healing have shown that boric acid is an effective molecule, 
especially in chronic wounds17. 
 

5. Conclusion 
    As a result of our study, diabetes-related diseases prolonged the 
recovery time of wound healing. The presence of DRP and CKD pro-
longed the healing time the most. It was understood that the recov-
ery time was not affected in patients with AH. However, the inci-
dence of PAD was found to be high in patients who underwent am-
putation. NPWT did not affect the healing rate in DFU. However, de-
creased edema, increased granulation, and contraction effects on 
the wound were observed. DFU is a preventable disease. The socio-
economic conditions of patients with diabetes should be improved 
and the conditions for accessing care facilities should be regulated. 
Finally, funds allocated for DFU research are insufficient. In this re-
gard, innovative studies on wound healing should be supported. 

 

Statement of ethics 
   The study was approved by the local ethics committee (ESH/GOEK 
2011/206). 
 

Conflict of interest statement 
   The authors declare that they have no financial conflict of interest 
with regard to the content of this report. 
 

Funding source 
   The authors received no financial support for the research, au-
thorship, and/or publication of this article. 
https://tez.yok.gov.tr/UlusalTezMerkezi/TezGos-
ter?key=zqI_ZOq-
b18GC2rT9c2JGtl2C11pLEGOl5TDEodgEkzm6fOCeBibKrXiwqD
1H6Au 
Thesis number: 298937 Dicle University 
 
 

References 

 
1.Chen L, Sun S, Gao Y, Ran X. Global mortality of diabetic foot ulcer: a sys-
tematic review and meta-analysis of observational studies. Diabetes Obes 
Metab. 20 August 2022 [Epub ahead of print].  
https://doi.org/10.1111/dom.14840 

Table 3 

 
 

25

https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=zqI_ZOq-b18GC2rT9c2JGtl2C11pLEGOl5TDEodgEkzm6fOCeBibKrXiwqD1H6Au
https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=zqI_ZOq-b18GC2rT9c2JGtl2C11pLEGOl5TDEodgEkzm6fOCeBibKrXiwqD1H6Au
https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=zqI_ZOq-b18GC2rT9c2JGtl2C11pLEGOl5TDEodgEkzm6fOCeBibKrXiwqD1H6Au
https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=zqI_ZOq-b18GC2rT9c2JGtl2C11pLEGOl5TDEodgEkzm6fOCeBibKrXiwqD1H6Au
https://doi.org/10.1111/dom.14840


Kapukaya & Duman Volume 7 Issue 1 2024 https://dergipark.org.tr/en/pub/jocass

2.Armstrong DG, Swerdlow MA, Armstrong AA, Conte MS, Padula WV, Bus 
SA. Five year mortality and direct costs of care for people with diabetic foot 
complications are comparable to cancer. J Foot Ankle Res 2020;13:16. 
https://doi.org/10.1186/s13047-020-00383-2 

3.D Haibo, L  Binghui, S Qian Shen, Z Chenchen, K Liwen, C Ran, W SiYuan, et
al. Mechanisms of diabetic foot ulceration: A review. Journal of Diabe-
tes.2023;15:299–312.
https://doi.org/10.1111/1753-0407.13372 
4.Orgill DP, Manders EK, Sumpio BE, et al. The mechanisms of action of vac-
uum assisted closure: More to learn. Surgery. 2009; 146:40–51. 
https://doi.org/10.1016/j.surg.2009.02.002 
5.Barnes JA, Eid MA, Creager MA, Goodney PP. Epidemiology and risk of am-
putation in patients with diabetes mellitus and peripheral artery disease. Ar-
terioscler Thromb Vasc Biol 2020; 40:1808–17. 
https://doi.org/10.1161/ATVBAHA.120.314595 
6.Prompers L, Schaper N, Apelqvist J, et al. Prediction of outcome in individ-
uals with diabetic foot ulcers: focus on the differences between individuals 
with and without peripheral arterial disease. The EURODIALE Study. Dia-
betologia 2008; 51: 747–55.
https://doi.org/10.1007/s00125-008-0940-0 
7.Newhall K, Spangler E, Dzebisashvili N, et al. Amputation rates for patients
with diabetes and peripheral arterial disease: the effects of race and region. 
Ann Vasc Surg 2016; 30: 292–298.e1 
8.Zhang Y, Cramb S, McPhail SM, et al.; Diabetic Foot Working Group, Queens-
land Statewide Diabetes Clinical Network, Australia. Factors associated with 
healing of diabetesrelated foot ulcers: observations from a large prospective 
real-world cohort. Diabetes Care 2021;44:e143–e145 
9.Violetta JL, Kartasasmita AS, Supriyadi Ret al. Circulating Biomarkers to
Predict Diabetic Retinopathy in Patients with Diabetic Kidney Disease. Dis-
ease. Vision 2023, 7, 34. 
https://doi.org/10.3390/vision702003 
10.Centers for Disease Control and Prevention. National Diabetes Statistics 
Report. Atlanta, GA, Centers for Disease Control and Prevention, 2022. Ac-
cessed 6 June 2022. Available from;İ 
www.cdc.gov/diabetes/data/statistics-report/index.html 
11.Zhang GQ, Canner JK, Kayssi A, et al. Geographical socioeconomic disad-
vantage is associated with adverse outcomes following major amputation in 
diabetic patients. J Vasc Surg 2021; 74: 1317–1326.e1. 
12. Hicks CW, Canner JK, Mathioudakis N, et al. Incidence and risk factors 
associated with ulcer recurrence among patients with diabetic foot ulcers 
treated in a multidisciplinary setting. J Surg Res 2020;246: 243–50. 
13.Chen J, Qin S, Liu S, Zhong K, Jing Y, Wu X, Peng F, Li D and Peng C (2023) 
Targeting matrix metalloproteases in diabetic wound healing. Front. Immu-
nol. 14:1089001. 
https://doi.org/10.3389/fimmu.2023.1089001 
14.Chen C, Yi Lu, Hsieh CH, et al. Advanced Biomaterials and Topical Medica-
tions for Treating Diabetic Foot Ulcers: A Systematic Review and Network 
Meta-Analysis.Advances in Wound Care. 
http://doi.org/10.1089/wound.2023.0024 
15.Topuz S, Ciger A, Isler A, Alkan M. Effects of negative pressure wound 
therapy on graft success in patients with diabetic foot ulcers: A retrospective 
study. Ann Med Res. 2023;30(8):846–50. 
16.Quacinella MA, Yong TM, Obremskey WT, Stinner DJ. Negative pressure 
wound therapy: Where are we in 2022? OTA Int. 2023;11:e247. 
17.Kapukaya, R, Ciloglu, O. Treatment of chronic wounds with polyurethane 
sponges impregnated with boric acid particles: A randomised controlled 
trial. Int Wound J. 2020; 17: 1159–1165. 
https://doi.org/10.1111/iwj.13463 

26

https://doi.org/10.1186/s13047-020-00383-2
https://doi.org/10.1111/1753-0407.13372
https://doi.org/10.1016/j.surg.2009.02.002
https://doi.org/10.1161/ATVBAHA.120.314595
https://doi.org/10.1007/s00125-008-0940-0
https://doi.org/10.3390/vision702003
http://www.cdc.gov/diabetes/data/statistics-report/index.html
https://doi.org/10.3389/fimmu.2023.1089001
http://doi.org/10.1089/wound.2023.0024
https://doi.org/10.1111/iwj.13463



