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Abstract 

Background: Diabetic foot ulcers are considered as one of the most common and 

serious complications of diabetes mellitus. Because foot ulcers are often difficult to 

heal, that can lead to high hospitalization rates and high amputation rates, reduce the 

patient’s quality of life seriously. Diabetic foot ulcers are a chronic disease that requires 

prolonged treatment and brings a heavy burden on patients, medical resources and 

society. Without necessary intervention, the condition may lead to negative 

consequences for patients. 

Aim: The aim was to describe kind of interventions and effects of them on foot ulcers 

of patients with diabetes and to describe the selected articles’ data collection methods. 

Method: Empirical scientific studies were searched for in the electronic database of 

Medline, including a manual search for studies published from 2007 to 2017. Chosen 

articles were related to the aim and specific research questions according to the 

selection criteria. 

Main Results: Ten identified articles met the inclusion criteria. Dressing intervention, 

physical intervention, nursing education intervention and medicine intervention had 

positive effects on patients with diabetic foot ulcers. The effects focused mainly on 

promoting ulcer healing, lowering infection rate and lowering amputation rate. The data 

collection methods of the selected articles were described in detail in all articles. 

Conclusions: Dressing intervention, physical intervention, nursing education 

intervention and medicine intervention had effects on promoting ulcer healing, 

lowering infection rate and lowering amputation rate. Nurses played important roles in 

the process of various interventions. 

Keywords: Diabetic foot ulcer, Effect, Intervention, Nurses



 

 

摘要： 

背景：糖尿病足溃疡被认为是糖尿病最常见和最严重的并发症之一。因为足部

溃疡通常难以愈合，这会导致高住院率和高截肢率，严重降低了患者的生活质

量。糖尿病足溃疡是一种慢性疾病，需要接受长期治疗，给患者、医疗资源和

社会带来沉重的负担。如果没有必要的干预，这种情况可能会给患者带来消极

的后果。 

目的：描述干预对糖尿病足部溃疡患者的作用，并描述所选文章的数据收集方

法。  

方法：在电子数据库 Medline中搜索了实证性和科学性的研究，并对 2007年至

2017年发表的文章进行了人工搜索。选定的文章符合筛选标准并且与目的和具

体问题有关。 

主要结果：十篇文章被确定符合纳入标准。敷药干预、物理干预、护理教育干

预和药物干预对糖尿病足部溃疡患者有积极作用。作用主要集中在促进溃疡愈

合，降低感染率和降低截肢率。所有文章都详细描述了数据收集方法。 

结论：敷药干预、物理干预、护理教育干预和药物干预对促进溃疡愈合、降低

感染率、降低截肢率有重要作用。护士在各种干预措施的过程中扮演着重要角

色。 

关键词: 糖尿病足溃疡，作用，干预，护士。                                           
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1. Introduction 

1.1 Diabetes mellitus (DM) 
Diabetes mellitus (DM) is a group of metabolic disease characterized by hyperglycemia, 

which is caused by defects in insulin secretion or its biological effects (Heublein, Giri, & 

Bader, 2015). With the development of modern economy and the change of people's 

lifestyle, the incidence of DM is increasing. In 2013, an estimated 382 million people 

have DM, and the number will increase to 592 million by 2035 (Toosizadeh, Mohler, 

Armstrong, Talal, & Najafi, 2015). So, at present, in most countries, DM is becoming as 

an epidemic disease and bringing negative consequences for people’s lives and society. 

People with DM are prone to appearing various complications resulting from 

hyperglycaemia, with diabetic foot (DF) being the most common and major cause of 

hospitalization (Rossaneis, Haddad, Mantovani, Marcon, & Pissinati, 2017). It is 

approximated that 15% of individuals diagnosed with DM will appear ulcers (Leone, 

Pascale, Vitale, & Esposito, 2012).  

1.1.1 Diabetic foot ulcers (DFUs) 

DFUs are a pathophysiological disease due to infection, ulceration and destruction of soft 

tissues associated with neurological disorders or peripheral artery disease in the lower 

limbs for DM patients (American Diabetes Association, 2015; Sinwar, 2015). DFUs are 

considered as one of the most common and aneretic chronic complications of DM because 

they lead to high morbidity, high hospitalization rates and high amputation rates, all of 

which reduce the quality of life seriously (Liu et al., 2017). The burden of DFUs is high, 

in fact, 20-40% of the medical resources for DM are related to DFUs (Boulton, Vileikyte, 

Ragnarson-Tennvall, & Apelqvist, 2005). DFUs are the main cause of non-traumatic foot 

amputation, as a result of DFUs, the lower limb will amputate somewhere in the world 

every 30 seconds (Setacci et al., 2012). It is estimated that the mortality rate after the 

diagnosis of DFUs is about 40% in the five years (Jupiter, Thorud, Buckley, & Shibuya, 

2015). 

1.1.2 Etiology  

DFUs are a complex problem, it is not a skin disease, but it is a sign of abnormal loading 

and perfusion injury (Lepantalo et al., 2011). Ischemia, neuropathy and infection are the 

three pathological factors leading to DFUs and they often appear together as a pathogeny. 

Neuropathy and ischemia are the precipitating factors, of which the most common is 



 

      
 

2 

nerve ischemia, and infection is a main consequence (Lepantalo et al., 2011). Peripheral 

neuropathy can lead to excessive pressure in certain parts of the foot, ischemia can 

increase peripheral vascular injury and cause foot ulcers. And the external minor trauma 

on the foot can contribute to the formation or development of ulcers (Rossaneis et al., 

2017). 

1.1.3 Risk factors 

The development of DFUs is caused by a number of factors that increase the risk of foot 

ulcers and lead to impairment in the ulcer healing. The prevalence of DFUs is alterable 

and is associated with the resources of each country for treating DM and it is more 

common in developing countries (Rossaneis et al., 2017). The incidence of DFUs is 

related to the social and economic development of the country. The lower the gross 

domestic product of a country, the less investment in prevention and health promotion, 

which will lead to the development of chronic diseases (Leone et al., 2012; American 

Diabetes Association, 2015). With ageing, large vascular lesions can endanger the brain, 

coronary arteries and lower limb arteries and some microvascular lesions affect the retina, 

glomeruli and peripheral nerves. These factors can reduce the ability of vision and 

sensation, thus, that will reduce the patient's self-management ability and increase the risk 

of DFUs (Shahbazian, Yazdanpanah, & Latifi, 2013). Men have a higher risk of DFUs 

than women (Rossaneis et al., 2017). Men are usually more neglectful with their health, 

most of them do not critically evaluate their health or seek medical assistance (Tang, Chen, 

& Zhao, 2014). As for lifestyle, regular physical activities are associated with the risk of 

DFUs. Regular physical activities can improve glycemic control, promote greater use of 

muscle, improve mitochondrial function and reduce the risk of DFUs for patients with 

DM (American Diabetes Association, 2015). In addition, other risk factors such as poor 

vision, limited joint movement, knowledge deficit and inappropriate shoes can be 

sensitive to ulcers in DM patients (Boulton, 2000). 

1.1.4 The Wagner classification of diabetic foot 

The Wagner classification is often used to assess the severity of DF, which is divided into 

six grades (Wagner, 1981). 

Grade 0: No open ulcer. 

Grade 1: Superficial ulcer with subcutaneous involvement. 

Grade 2: Deep ulcer with tendon or joint involvement. 
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Grade 3: Deep ulcer with bone involvement. 

Grade 4: Wet or dry gangrene in forefoot, without cellulitis.  

Grade 5: Gangrene in whole foot. 

1.2 Intervention 
Intervention is a purposeful action to help the patient keep, reach, or maintain system 

stability (Raile & Marriney, 2014). As for patients with DFUs, earlier reviews presented 

many traditional interventions, such as off-loading of pressure, antibiotic use, local ulcer 

care, infection control, endocrinotherapy and debridement. Along with the development 

of medicine, compared with past interventions, the various interventions advocated in 

recent years have been updated (Liu et al., 2017). Nursing intervention refers to the step 

after planning in the nursing process. Nursing intervention involves taking care of patients 

and requiring a full understanding of the assessment and planning stages of the nursing 

process. Nursing interventions are various measures taken by nurses to promote the health 

of patients and prevent illness (Thomas, 2005). 

Nursing promotion and prevention  

Health promotion is a set of actions that is aimed at transforming living conditions and 

providing measures for positive health, wellness and achieving a better quality of life for 

groups or people who are socially disadvantaged (Heidemann et al., 2017). And nurses 

play important roles in health promotion. Professionals associate health promotion with 

illness prevention. Nurses are especially helpful because they are often in contact with 

patients and they can aware patients’ health problem. Nurses have a certain understanding 

of the importance of health promotion, and also know how to use some strategies to help 

people prevent various illnesses (Heidemann et al., 2017). Nurses use their expertise to 

help patients with DM to prevent DFUs and take measures to promote ulcer healing for 

patients with DFUs. 

1.3 Effect 
The effects are positive or negative changes in people or objects or things through a series 

of actions (Aalaa, Malazy, Sanjari, Peimani, & Mohajeri-Tehrani, 2012). The current 

reviews showed the ideal effects of DFUs interventions are as follow: avoid the risk of 

ulcers, promote the ulcer healing, recover perception of foot and improve knowledge of 

disease (Liu et al., 2017). 
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1.4 The Neuman Systems Model theory 
The Neuman Systems model is a dynamic, open, and systematic customer care approach, 

the origin is designed to solve the problem of nursing care, understand the interaction 

between customers and the environment to provide a unified focus (Raile & Marriney, 

2014). In Neuman’s model, it mainly includes four aspects: the interactive service object 

system and environment, the pressure source, individual’s responses to stressors and 

prevention to stressors. Stressors are stimulants that produce tension, which can 

destabilize the system and lead to a positive or negative results (Raile & Marriney, 2014). 

In Neuman’s model, a person is an open system that interacts with the environment. 

Health is a state of change within a certain range. Environment refers to all internal and 

external factors that affect the individual system. Nursing is to promote individual system 

to maintain or restore stability by assessing and taking appropriate interventions (Raile & 

Marriney, 2014). 

When people suffer from DM, they will encounter pressure from many aspects. DM is a 

group of chronic disease that need to be treated for a long time. In the process of treatment, 

patients not only face physical and psychological pressure, but also bear the economical 

burden. If they are in a very bad environment, they have a terrible lifestyle, lack of daily 

exercise or they do not get supports from others, all these will aggravate the disease 

(Rossaneis et al., 2017). 

Newman system theory includes three defense mechanisms: flexible line of defense, 

normal line of defense and lines of resistance. The flexible line of defense can prevent the 

direct invasion of external stressors and protect the normal line of defense. The normal 

line of defense is conducive to resisting all kinds of stimuli and maintaining a stable and 

healthy state of the individual system. When the stressors invade the normal defense line, 

the resistance line exerts its function to restore the individual to the normal level of 

defense (Raile & Marriney, 2014). When patients with DM are unable to cope with 

various stressors, the stressors break the normal line of defense, leading to DFUs. 

Neuman’s theory identifies three levels of preventions, they are: primary prevention, 

secondary prevention and tertiary prevention (Raile & Marriney, 2014). Primary 

prevention is used when a stressor is suspected or identified. The goal is to reduce the 

likelihood of contacting with stressor or reducing the likelihood of a reaction. Secondary 

prevention includes intervention or treatment after the symptoms from the stress. It 

mainly reduces the reaction and enhances internal lines of resistance. Tertiary prevention 
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occurs after active treatment or secondary prevention, and its goal is to keep ideal health 

by preventing recurrence of reaction (Raile & Marriney, 2014). The nurse can take 

appropriate preventive measures according to the patient's specific situation to help the 

patient maintain and restore the system balance and stability to achieve the optimal health 

status.  

1.5 The role of nurses 
Nurses are one of the largest health groups in the world, who participate in different levels 

of health (Aalaa et al., 2012). As for nurses, they have four fundamental responsibilities 

including: promoting health, preventing illness, restoring health and alleviating suffering 

(International Council of Nurses [ICN], 2012). Nurse is a provider of teaching and 

research for autonomy and self-care practices in the health sciences. The treatment of 

DFUs often requires multidisciplinary cooperation, all of team members have positive 

impacts on caring DFUs, however, the role of nurse is essential. Nurses combine science 

and art to eliminate the physical and psychological pain of the patient and give them 

spiritual needs (Aalaa et al., 2012). 

1.6 Problem statement 
DFUs are a major healthcare problem, on the one hand, it has a high hospitalization rates 

and amputation rates, which brings physical and psychological sufferings to the patients. 

On the other hand, the number of patients with DFUs is increasing, and conditions of 

patients with DFUs are complex and changeable, which impose a burden for patients, 

health resources and public. As earlier researches showed ulcers can lead to infection, 

gangrene, amputation and even death without necessary interventions. Previous reviews 

focused on a large area of the DF, there were few studies focused on ulcers. The nurse's 

participation in the intervention was low, or there were few forms of interventions. In this 

study, authors will focus on the effects of varieties of interventions on DFUs. In the 

process of interventions, nurses play important roles as a part of the intervention team. 

They use their expertise to provide patients with a personalized and high-quality care. 

The present study can explore the effects of kinds of interventions and seek the suitable, 

effective, innovative and accessible interventions that nurses can participate in and play 

their roles. And the present study may contribute to guide nurses select suitable 

interventions to care patients and alleviate sufferings for the patient with DFUs. 
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1.7 Aim and specific question 
The aim of the literature review was to describe what kind of interventions and effects of 

them on foot ulcers of patients with diabetes and to describe the data collection methods 

used in the scientific articles, with the help of the following questions:  

Question 1: 

What kind of interventions have been conducted for patients with diabetic foot ulcers? 

Question 2: 

What effects did the interventions give? 

Question 3: 

What data collection methods were used in the included scientific articles? 

2. Method 

2.1 Design 
Descriptive literature review (Polit & Beck, 2012). 

2.2 Database 
The database used for searching articles was MedLine with certain limits to search articles. 

These limits were valuable and useful for searching relevant articles (Polit & Beck, 2012). 

2.3 Search term and search strategies  
The following search terms were used to search articles for study: Diabetic foot ulcer 

(free text), Intervention (free text), Methods (MeSH), Caring (free text), Effect (free text), 

Nurses (MeSH), Nursing (MeSH) and Nursing (Subheading).  

By using the databases’ index of search terms; MeSH (PubMed), the relevant search terms 

for the aim were identified. Manual search was used in order for a comprehensive search 

result, the selected articles still need to be in accordance with the title and aim. 

Search terms were searched one by one and combined with each other stepwise for the 

sake of well-aimed outcomes, relevant to the aim of the study. The authors connected 

these search terms with the Standard Boolean Operators “AND” and “OR” to shrink or 

expand the range of search results (Polit & Beck, 2012).  

Limitations were used in the searches in order to acquire the articles that were new and 

related to the aim and specific questions. In PubMed, the following limits were used: 

“University of Gävle”, “10 years”, “English” and “Humans”. 
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2.4 Selection criteria 
Polit and Beck (2012) mentioned that PICO as a systematic search strategy, P = 

population, I = intervention, C = comparison and O = outcome, that can clarify the 

selection process and help authors easier to select articles (Polit & Beck, 2012). The 

articles were included in this review if they met the inclusion criteria according to PICO 

(Table 1). 

According to the PICO, different forms were listed as follows: the population (patients 

with diabetic foot ulcer), intervention (any interventions that nurse took part in, nurse’s 

caring or nurse’s help whatever given assessment or implementation), comparison (had 

comparison between the treatment group and the control group) and the outcome of search 

articles (empirical studies published during 2007 to 2017 in English). 

Table 1 Inclusion criteria defined according to PICO. 

 

2.5 Selection process and outcome of potential articles 
After the initial searching process, 256 studies were found in total. The systematic 

exclusion process was established to simplify the search process to minimize the risk of 

errors and bias in order to ensure that all relevant studies were included. 

At first, enough scientific studies (n=256) in the chosen topic area were found in Medline. 

An outcome with reasonable and adequate size help to avoid bias of selection and 

publication (Tacconelli, 2009). Secondly, the titles and abstracts of the articles were 

skimmed through in order to create an overview of whether they might be useful in order 

 Inclusion criteria 

P Patient with diabetic foot ulcers, excluding disabled people, 
mentally ill, foot ulcers caused by other reasons and having other 
server complications in diabetes. 

I  intervention by nurses; nurses must be involved in any 
interventions; nurse’s caring or nurse’s help should be shown in 
studies. 

C  There must be a comparison between the treatment group and the 
control group. 

O  The study was related to the aim and research questions; search 
from the University of Gävle; empirical study with an 
experimental design: randomized controlled trials or randomized 
self-control clinical studies published during 2007 to 2017 in 
English. 
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to answer this review’s research questions or related to the aim. 256 studies were selected 

by comparing the titles (n = 175) and abstracts (n = 45) against the aim and inclusion 

criteria (Tacconelli, 2009). Thirdly, the full texts (n = 25) were read and screened to check 

if they answer the research questions and relate to the aim. Finally, the authors confirmed 

each article was suitable for this review, maked marks in articles and discussed them with 

partners or supervisors. After discussion, the authors have jointly passed nine articles into 

results from Medline, in line with inclusion criteria, aim and specific questions, and the 

last one was selected from manual search.  

The outcome of database searches and databases with limits, search terms, number of hits 

and chosen sources was presented in Table 2. The systematic exclusion process was 

presented in Figure 1. 

Table 2. Outcome of database searches. 

Database + 
Date of 
search 

Limits Search terms Number 
of hits 

Potential 
articles 
(excluding 
doubles) 

Medline 
through 
PubMed 
2017-12-20 

University of 
Gävle, 10 
years, English, 
Humans 

“Diabetic foot ulcer” 
(free text) 

3559  

Medline 
through 
PubMed 
2017-12-20 

University of 
Gävle, 10 
years, English, 
Humans 

“Intervention” (free text) 
OR “Caring” (free text) 
OR “Methods” (Mesh) 

1864405  

Medline 
through 
PubMed 
2017-12-20 

University of 
Gävle, 10 
years, English, 
Humans 

“Effect” (free text) 447855  

Medline 
through 
PubMed 
2017-12-20 

University of 
Gävle, 10 
years, English, 
Humans 

"Nurses" (Mesh) OR 
"Nursing"  
(Mesh) OR "nursing" 
(Subheading)  

61977  

Medline 
through 
PubMed 
2017-12-20 

University of 
Gävle, 10 
years, English, 
Humans 

“Diabetic foot ulcer” 
(free text) AND 
“Intervention” (free text) 
OR “Caring” (free text) 
OR “Methods” (Mesh) 

2097  
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Medline 
through 
PubMed 
2017-12-20 

University of 
Gävle, 10 
years, English, 
Humans 

“Diabetic foot ulcer” 
(free text) AND “Effect” 
(free text) 

376  

Medline 
through 
PubMed 
2017-12-20 

University of 
Gävle, 10 
years, English, 
Humans 

“Diabetic foot ulcer” 
(free text) AND 
“Intervention” (free text) 
OR “Caring” (free text) 
OR “Methods” (Mesh) 
AND “Effect” (free text) 
AND "Nurses" (Mesh) 
OR "Nursing"  
(Mesh) OR "nursing" 
(Subheading)  

256 9 

Manual 
search 

University of 
Gävle, 10 
years, English, 
Humans 

Relevance for inclusion 
criteria, aim and specific 
questions 

 1 

    Total: 10 
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Total study search results (n=256); 
PubMed:256  

Studies included based on titles (n=81); 
PubMed:81 

Studies included based on abstracts(n=36); 
PubMed: 36 

Studies included based on full texts(n=11); 
PubMed: 11 
 

Studies included based on quality appraisal (n=9); 
PubMed: 9 
 

Studies included in the review (n=10); 

Excluded based on titles (n=175) 
- not about diabetic; not about ulcers; not original 
scientific study or article; qualitative study; not related to 
the aim and title; did not describe the effects of 
interventions/caring; mentally ill and disabled people as     
participants; have more severe complications because of 
diabetic 

Excluded base d on abstracts (n=45) 
- not about nursing; did not describe the intervention; not 
original scientific study or article; not quantitative 
intervention; have more severe complications because of 
diabetic, the primarily reason lead to foot ulcer not 
diabetic; mentally ill and disabled people as     
participants 

Excluded base d on full texts (n=25) 
- not about nursing; not original scientific study or article; 
not quantitative intervention; have more severe 
complications because of diabetic, the primarily reason 
lead to foot ulcer not diabetic; only about case study 

Excluded based on read and discuss again. (n= 2) 
- have severe orthopedic impairments; major vascular 
complications; not related to the aim and title 

Manual search(n=1) 
- relevance for aim, title and inclusion criteria 

Figure 1: Flowchart of the exclusion process 
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2.6 Data extraction 
Data were extracted together from each eligible study. The data extracted included: 

authors, years, country, title, design and approach, sample, intervention (T/C), data 

collection method, data analysis method, aim, result and the main effect of intervention. 

2.7 Data analysis 
The results sections of the selected articles were processed in relation to research question 

1 and question 2, and the methods sections in relation to question 3. The authors firstly 

read all the articles separately and then read them together, discussed with each other to 

extract materials relevant to research aim and research question and summarized the 

interventions and effects.   

The authors would make notation in the studies which were related to our aim and 

research questions. Material that was found to be relevant in relation to question 1 was 

marked with a wavy line underneath, relevant in relation to question 2 marked with colour 

coded and relation to question 3 marked with an asterisk. 

In order to facilitate further analysis, the articles were discussed adequately and roundly. 

Tables were used to get an overview of the articles. 

Ten studies selected were arranged in appendix 1 and 2 in order to describe integrity of 

these studies. Appendix 1, table 3 summarizes the selected articles’ authors, titles, 

designs/approaches, sample, Intervention, data collection method and method of data 

analysis. Appendix 2, table 4 contains a summary of the aim, results and the main effect 

of intervention. 

As for intervention, all of them were divided into four types after discussion, summary 

and classification. After dividing the effect of intervention according to similarities and 

differences, three main types of effect were proposed. Figure 2 present types of 

intervention and effect. 

The authors extracted data independently and cross-checked for accuracy and agreement. 

If there were disagreements, authors discussed with supervisor until both parties agreed 

about that.  

2.8 Ethical considerations 
The current literature reviews were based on published information and had been 

examined and ethically approved. The articles were read and reviewed objectively 
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without being subject to the authors’ opinion and thoughts. The result was presented in 

their entirety without being tampered according to the authors’ wishes. Original articles 

were respected faithfully and objectively, although the articles had been analyzed and 

processed, the results were not changed subjectively. Enough reference writing standards 

can be accepted when referring to the content. This part of the description is made by 

Polit and Beck (2012). 

3. Results 
The results are based on ten articles with quantitative approaches. These articles described 

four types of interventions and three main effects on patients with DFUs, see figure 2. On 

the basis of methodological questions, the authors also present the articles’ data collection 

methods. The themes and categories of the results are presented in Figure 2. The results 

are presented as a table in the text, see table 3 and table 4. And the results associated with 

methodological aspect are presented in table 3. The results are based on list of references 

with an asterisk (*). The authors present kind of interventions, effects of interventions 

and the data collection methods in the included studies below. 

  

Figure 2: The themes (kind of interventions and effects of interventions) and categories 
of the results 

 

3.1 Kind of interventions 
Ten articles mentioned kind of interventions, which fall into four major categories, 

including dressing intervention, physical intervention, nursing education intervention and 

medicine intervention. 

3.1.1 Dressing intervention 

A total of four articles mentioned the dressing intervention, dressing intervention includes 

moist bioactive dressing, collagen/oxidized regenerated cellulose (ORC) /silver dressing, 

 Kind of interventions 

-Dressing intervention 

-Physical intervention 

-Nursing education intervention 

-Medicine intervention 

Effects of interventions 

 
 
 
 
 
 
 
 
 

promote ulcer healing 

lower infection rate lower amputation 
rate 
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topical royal jelly (RJ) dressing and topical phenytoin dressing. Therefore, the 

composition of the dressing, the time to change the dressing, and the duration of the 

intervention were different.  

In terms of the dressing composition, moist bioactive dressing contained hydrophilic 

mucopolysaccharide and chitosan (Kordestani et al., 2008); collagen/ORC/silver dressing 

contained collagen, oxidized regenerated cellulose and silver (Gottrup et al., 2012); 

topical RJ dressing contained 5% sterile topical RJ (Siavash et al., 2013); topical 

phenytoin dressing contained phenytoin (Shaw et al., 2011). From the frequency of 

changing the dressing, Kordestani et al. (2008) mentioned that patients with large 

amounts of secretions change their dressings every other day, while those with moderate 

or low secretions change their dressings every four days. Gottrup et al. (2012) mentioned 

changing dressings every two weeks. Siavash et al. (2013) and Shaw et al. (2011) 

mentioned changing dressings three times a week. From the duration of interventions, 

Kordestani et al. (2008) intervened for 21 days, Gottrup et al. (2012) intervened for 14 

weeks, Siavash et al. (2013) intervened for 12 weeks and Shaw et al. (2011) intervened 

for 16 weeks. 

3.1.2 Physical intervention 

A total of three articles mentioned the physical intervention, physical intervention 

includes negative pressure wound therapy (NPWT) and hyperbaric oxygen therapy 

(HBOT). One article mentioned NPWT, two articles mentioned HBOT. 

In the NPWT intervention, it used the vacuum-assisted closure therapy and it had negative 

pressure range of 50 to 200 mmHg and treatment was continued until ulcer closure or by 

day 112 (Blume, Walters, Payne, Ayala, & Lantis, 2008). In the HBOT intervention by 

Chen, Ko, Fong, & Juhn (2010), all patients went to a diving chamber to receive HBOT. 

Each intervention lasted two hours with an intermission for 25 minutes, patients received 

the intervention five times a week. According to the number of HBOT sessions, patients 

were divided into two groups, patients received <10 sessions of HBOT in group 1, and 

patients received >10 sessions HBOT in group 2 (Chen et al., 2009). The mean sessions 

were 3.5 sessions in group 1 and intervented for 35 days, the mean sessions were 22.8 

sessions in group 2 and intervented for 228 days. In the HBOT intervention by Duzgun 

et al. (2008), patients went to a unit chamber pressure room, and then at a pressure of 20 

atmospheres absolute (ATA), the patients received HBOT lasting 90 minutes. The 
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frequency of treatment was twice a day, and the following day was once only, alternating 

in the treatment process and the treatment lasted 20 to 30 days (Duzgun et al., 2008). 

3.1.3 Nursing education intervention 

A total of two articles mentioned the nursing education intervention, nursing education 

intervention includes foot care education and intensive nursing education.  In the form of 

intervention, foot care education adopted one-to-one education, one nurse guided one 

patient (Lincoln, Radford, Game, & Jeffcoate, 2008); intensive nursing education adopted 

intensive nursing education, nurses provided specific and personalized nursing education 

to patients (Ren et al., 2014). In terms of the educational content, two articles all presented 

that nurses show the classification of ulcers to patients through pictures, teach the 

knowledge of DFUs to patients, observe the patient's foot conditions and check their shoes 

wether appropriate to their situations. Lincoln et al. (2008) intervented for four weeks and 

Ren et al. (2014) intervented for three months.  

3.1.4 Medicine intervention 

One article mentioned the medicine intervention, it mainly about different doses of 

Atorvastatin intervention. In Atorvastatin intervention, patients received atorvastatin 10 

or 80 mg for six months randomly (Johansen et al., 2009). 

3.2 The effects of interventions 
A total of seven articles mentioned that their interventions have positive effects on 

patients with DFUs (Gottrup et al., 2012; Kordestani et al., 2008; Johansen et al., 2009; 

Duzgun et al., 2008; Ren et al. 2014; Blume et al., 2008; Chen et al., 2009). The effects 

were mainly concentrated in three aspects including: promote ulcer healing, lower 

infection rate and lower amputation rate. The interventions of three articles had no 

obvious effects (Siavash et al., 2013; Shaw et al., 2011; Lincoln et al., 2008). During the 

interventions, nurses participated actively and played important roles, they ensured the 

smooth operation of the interventions and the favour effects of interventions. 

3.2.1 Promote ulcer healing 

A total of seven articles mentioned that their interventions can promote ulcer healing. It 

included two dressing intervention articles, three physical intervention articles, one 

nursing education intervention article and one medicine intervention article. Three 

articles mentioned the aspect of ulcer healing, but their interventions had no obvious 
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changes compared to the control group or had no statistically significant (Siavash et al., 

2013; Shaw et al., 2011; Lincoln et al., 2008). 

In dressing intervention, moist bioactive dressing and collagen/ORC/silver dressing had 

effects on promoting ulcer healing; topical RJ dressing and topical phenytoin dressing 

had no obvious effects on promoting ulcer healing. In moist bioactive dressing 

intervention, 85% of the ulcers healed completely. During the intervention, five ulcers 

did not heal completely, but the area of ulcer reduced. During the follow-up period, five 

ulcers healed completely (Kordestani et al., 2008). Comparing with traditional dressings, 

this advanced dressing could promote ulcer healing obviously. In collagen/ORC/silver 

dressing intervention, the ulcer healing rate was higher than control group at each time 

point and at least 50% of the ulcers area were reduced (Gottrup et al., 2012). In topical 

RJ dressing intervention, 93.8% of the ulcers healed in RJ group and 90.6% of the ulcers 

healed in control group. The mean healing duration was 38 days in RJ group and 36 days 

in control group. There was no statistically significant difference between the two groups 

(Siavash et al., 2013). In the topical phenytoin dressing intervention, 18 diabetic foot 

ulcers were closed in phenytoin dressing group and 20 ulcers were closed in control 

group. There was no significant difference between the two groups in the ulcer healing 

(Shaw et al., 2011).  

In physical intervention, the following three interventions all could promote ulcer healing. 

In NPWT intervention, during the active treatment phase, the closure rate of the ulcer was 

significantly higher than advanced moist wound therapy (Blume et al., 2002). In HBOT 

intervention by Chen et al. (2009), 33.3% of the patients healed the ulcers in group 1 (<10 

sessions), 78.3% of the patients healed the ulcers in group 2 (>10 sessions). The healing 

rate was positively correlated with the number of sessions of HBOT (Chen et al., 2009). 

In HBOT intervention by Duzgun et al. (2008), 66% of the patients healed ulcers without 

going to the operating room and no patients healed ulcers in control group without 

surgical treatment. Comparing with control group, it showed that HBOT intervention has 

an obvious effect on promote ulcer healing (Duzgun et al., 2008).  

In the nursing education interventions, foot care education had no obvious effects on 

promoting ulcer healing and intensive nursing education had positive effects on 

promoting ulcer healing. In foot care education, there was no significant difference in 

ulcer healing between two groups and which was not statistically significant (Lincoln et 
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al., 2008). In intensive nursing education, patients' ulcers were significantly improved 

compared with those before education (Ren et al., 2014). 

In medicine intervention, both high-dose and low-dose atorvastatin reduced the area of 

the ulcers, and the high-dose atorvastatin had a better effect on reducing the area of ulcers 

(Johansen et al., 2009). 

3.2.2 Lower infection rate 

Three articles mentioned that their interventions can lower infection rate. It included two 

dressing intervention articles and one medicine intervention article. 

In dressing intervention, moist bioactive dressing and collagen/ORC/silver dressing could 

lower infection rate. In moist bioactive dressing intervention, during the intervention, 

none of these patients had signs of infection (Kordestani et al., 2008). In the 

collagen/ORC/silver dressing intervention, the infection rate was 0%, in the control 

group, the infection rate was 31% (Gottrup et al., 2012). Comparing with control group, 

the collagen/ORC/silver dressing intervention reduced the infection rate obviously. 

In medicine intervention, the index of c-reactive protein began to decline after treatment 

in high dose of Atorvastatin group and none of the patients had infection. C-reactive 

protein is an inflammatory parameter that can reflect the degree of infection (Johansen et 

al., 2009).  

3.2.3 Lower amputation rate 

Four articles mentioned that their interventions could lower amputation rate. It included 

three physical intervention articles and one nursing education intervention article. 

In physical interventions, the following three interventions could lower amputation rate. 

In NPWT intervention, 4.1% of the patients received amputations. Control group had 

more than twice as many amputations as those receiving NPWT intervention (Blume et 

al., 2002). In HBOT interventions by Chen et al. (2009), ten patients received amputation 

in group 1 (<10 sessions) and four patients received amputation in group 2 (>10 sessions). 

Patients received more than 10 sessions of HBOT showed a significantly lower rate of 

amputation than patients received less than 10 sessions (Chen et al., 2010). In HBOT 

interventions by Duzgun et al. (2008), 8% of the patients received the distal amputation, 

and no one received the proximal amputation in HBOT group. And 48% of the patients 

received the distal amputation and 34% of the patients received the proximal amputation 

in control group (Duzgun et al., 2008). 
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In the nursing education intervention, before intensive nursing education, there were four 

cases that needed amputation, and after intensive nursing education, none of patients 

needed amputation, it showed that intensive nursing education could help reduce the 

amputation rate (Ren et al., 2014). 

3.3 Results regarding the chose article’s data collection methods 
After scrutinizing the ten articles included in the present quantitative study, it was found 

that the data collection method was described in all of them. The researchers collected a 

wide range of data both prior to and following the intervention. 

Observations 

In five of the articles, it was made clear that the researchers/authors observed wounds by 

taken photography of the ulcers and these articles were also mentioned the frequency of 

observation (Gottrup et al., 2012; Kordestani et al., 2008; Johansen et al., 2009; Siavash 

et al., 2013; Duzgun et al., 2008). In two of the selected articles, the data collection was 

carried out through observed the behaviour actions of patients throughout the follow-up 

period, and each patient was seen for follow-up visits once every three months in these 

two articles (Lincoln et al., 2008; Ren et al. 2014). In the remaining three articles, there 

was no information about the way of observation and the frequency of observation, but 

only mentioned the observation of the wound (Blume et al., 2008; Shaw et al., 2011; 

Chen et al., 2009). There were five articles described the detailed of observation, 

including the ulcer condition, length, width, depth, presence of concurrent infection and 

the need for debridement were observed and evaluated (Gottrup et al., 2012; Kordestani 

et al., 2008; Johansen et al., 2009; Siavash et al., 2013; Blume et al., 2008). In three of 

the selected articles, they only mentioned the observation of the ulcers but did not 

elaborate on the content of observation (Shaw et al., 2011; Chen et al., 2010; Duzgun et 

al., 2008). 

Biophysiologic measures 

In two of the articles, the researcher/authors themselves carried out the data collection 

though vivo biophysiologic measurements (Ren et al. 2014; Gottrup et al., 2012). In the 

remaining eight articles, the data collection wasn’t performed in vivo biophysiologic 

measurements (Kordestani et al., 2008; Johansen et al., 2009; Siavash et al., 2013; 

Duzgun et al., 2008; Lincoln et al., 2008; Blume et al., 2008; Shaw et al., 2011; Chen et 

al., 2009). In nine of the studies, it was made clear that the data collection was carried out 

by laboratory test in vitro measures (Gottrup et al., 2012; Kordestani et al., 2008; 
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Johansen et al., 2009; Siavash et al., 2013; Duzgun et al., 2008; Ren et al. 2014; Blume 

et al., 2008; Shaw et al., 2011; Chen et al., 2009). In the study by Lincoln et al (2008), 

the article was not mentioned data collection method of biophysiologic measures. 

Evaluating indicator 

In order to analyze the utilization rate of each evaluating indicators in the present studies, 

they have been divided into three indicators as following: infection rate, ulcer’s area and 

the amputation rate. In nine of the chosen articles, the researchers/authors themselves 

implemented the data collection on the basis of infection rate (Blume et al., 2008; Gottrup 

et al., 2012; Shaw et al., 2011; Kordestani et al., 2008; Johansen et al., 2009; Duzgun et 

al., 2008; Siavash et al., 2013; Chen et al., 2010; Lincoln et al., 2008). In eight of the 

selected articles, the data collection was carried out by measured ulcer’s area (Blume et 

al., 2008; Gottrup et al., 2012; Shaw et al., 2011; Kordestani et al., 2008; Johansen et al., 

2009; Siavash et al., 2013; Lincoln et al., 2008; Chen et al., 2009). In six of the studies, 

it was made clear that researcher/authors assessed the effect of ulcer healing by the rate 

of amputation (Blume et al., 2008; Duzgun et al., 2008; Chen et al., 2009; Shaw et al., 

2011; Lincoln et al., 2008; Ren et al., 2014). 

The times of assessment 

In five of the chosen articles, the data collection took place on more than three times and 

less than nine times (Chen et al., 2009; Gottrup et al., 2012; Kordestani et al., 2008; Ren 

et al., 2014; Lincoln et al., 2008). In three of the studies, the times for the data collection 

was between 10 and 24 times (Duzgun et al., 2008; Shaw et al., 2011; Johansen et al., 

2009). In the other two studies, there were more than 25 times of assessment (Siavash et 

al., 2013 & Blume et al., 2008).  

4. Discussion 

4.1 Main results 
The results showed that different interventions and their effects on patients with DFUs. 

A total of four major types of interventions, were included dressing intervention, physical 

intervention, nursing education intervention and medicine intervention. Among these, 

dressing intervention included moist bioactive dressing, collagen/ORC/silver dressing, 

topical RJ dressing and topical phenytoin dressing. Physical intervention included NPWT 

and HBOT. Nursing education intervention included foot care education and intensive 

nursing education. Medicine intervention included Atorvastatin intervention. They had 
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positive effects on patients with DFUs. The effects of these interventions were mainly on 

promoting ulcer healing, lowering infection rate and lowering amputation rate. Regarding 

the data collection methods of the selected articles, they were shown in all articles clearly 

and have used the relevant and scientific methods. 

4.2 Results discussion 

4.2.1 Nurses role when conducting intervention for foot ulcer 

Comparing to other interventions, physical interventions had obvious effects on 

promoting ulcer healing and lowering amputation rate. Physical interventions were safe 

interventions and there were no obvious side effects for patients (Duzgun et al., 2008). 

Comparing to other reviews, Stoekenbroek et al. (2014) also showed that physical 

interventions could promote ulcer healing and lower amputation rate. In addition, they 

mentioned the adverse effects of physical interventions on the patients with DFUs, such 

as barotraumatic otitis, dizziness and worsening of cataract (Stoekenbroek et al., 2014). 

The reasons for this discrepancy may be related to the operation, the number of sessions 

of intervention or the severity of the patient's ulcers. Dressing intervention was used in 

DFUs and had positive effects on promoting ulcer healing and lowering infection rate. 

Comparing to a systematic review by Game & Jeffcoate (2016), the review showed that 

dressings not only could promote healing of DFUs but also could apply to other types of 

chronic wounds. The cause of this difference may be related to the composition of 

dressings and DFUs and other chronic ulcers have the same points. 

According to Newman's system, as a result of various stressors, they broke the normal 

line of defense, causing the DF patients to develop ulcers. At this time, secondary 

prevention was required to reduce or eliminate symptoms (Raile & Marriney, 2014). 

During the interventions, nurses were performers and played indispensable roles. Nurses 

played different roles in different interventions. In the dressing intervention, nurses 

checked the ulcer regularly and changed dressings according to the amount of exudate 

(Kordestani et al., 2008). Nurses did the bacterial sensitive test, determined the type of 

bacteria and gave the antibiotics or other specific medicines to patients according to the 

doctor's advice. In physical intervention, nurses understood the working mechanism of 

physical interventions so that the patient could be treated under the appropriate negative 

pressure or in the hyperbaric oxygen environment. Nurses were also required to manage 

the equipment for the intervention smoothly, such as servicing and maintaining 

hyperbaric oxygen chamber and negative pressure device. Nurses evaluated patient’s 
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reactions regularly, found abnormal situations and dealt with them in time (Paez & 

Wilcox, 2013). In nursing education intervention, nurses helped patients familiarize with 

the basic knowledge of foot care, taught patients how to conduct self-examination and 

observed the changes of the ulcer or surrounding skin. Nurses encouraged patients to 

implement a series of daily measures to prevent foot ulcers become more serious or 

develop new ulcers, such as checking shoes or keeping feet clean (Ren et al., 2014). In 

medicine intervention, nurses were prescribed strictly according to the doctor's 

instructions when providing medicine to patients. Through these interventions, the 

patient's ulcers area was reduced, the healing of the ulcers was promoted and patients 

remained in a stable state, which was consistent with Newman's theory (Raile & 

Marriney, 2014). 

4.2.2 Nurses role in promoting ulcer healing   

There are three broad categories of effects through various interventions for patients with 

DFUs. The effects of interventions are presented on promoting ulcer healing, lowering 

infection rate and lowering amputation rate. These three effects interact and influence 

each other, their relationships see Figure 2. Promoting ulcer healing and lowering 

infection rate can lower amputation rate. Promoting ulcer healing can lower the infection 

rate, while lowering the infection rate also can promote ulcer healing. And lowering 

amputation rate is a consequence of promoting ulcer healing and lowering infection rate. 

Nurses played a number of important roles in promoting the healing of ulcers to help 

patients with DFUs. 

In dressing intervention, dressings were made up of different ingredients, they contained 

a variety of nutrients and growth factors that promoted the growth of the granulation 

tissue. In addition, they contained antimicrobial substances, such as silver that could resist 

and kill bacteria and fungi effectively and prevent ulcers infection (Gottrup et al., 2012). 

Topical RJ dressing and topical phenytoin dressing had no obvious effects on promoting 

ulcer healing. It may be related to the type of dressings, and it is particularly important to 

choose suitable and useful dressings (Siavash et al., 2013). Nurses need to be familiar 

with the different effects of each dressings and select the appropriate dressings according 

to the patient's specific conditions. It is important to provide high quality ulcer care when 

changing dressings. A good ulcer caring can help ulcers closure and promote healing, 

such as aggressive debridement, drainage, irrigation and so on (Youngberg, 2007). The 

purpose of ulcer care is to protect the ulcers, prevent infection and promote healing 
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(Youngberg, 2007). According to the primary prevention in Neuman's Theory, in order 

to protect the normal skin before it encounters an unhealthy stressor (Raile & Marriney, 

2014), it is important to protect the uninfected skin around the ulcer especially when 

changing the dressing. Nurses can clean the ulcers and the surrounding skin thoroughly, 

then choose the suitable dressing, and pay attention to the aseptic operation while 

changing the dressing (Youngberg, 2007).  

In physical intervention, physical intervention could improve the microenvironment of 

the ulcers, promote the proliferation of fibroblasts, produce collagen and form new blood 

vessels and epithelial tissue. Due to the frequent use of HBOT, a new kind of nursing is 

produced: hyperbaric nursing. Hyperbaric nurse is responsible for the practical 

implementation of patient care during the treatment of hyperbaric oxygen (Unger & 

Lucca, 1990). Nurses not only need to assess ulcers but also need to do risk assessment, 

because these physical interventions are performed by machines or devices. In the 

hyperbaric environment, the application of nursing process is very important to the 

rational planning and implementation of nursing (Paez & Wilcox, 2013). The effects on 

patients with DFUs appeared to be proportional to the number of sessions of HBOT (Chen 

et al., 2009). Nurses need to assess the severity of the ulcer in order to chose the number 

of sessions of intervention.  

In nursing education intervention, intensive nursing education had benefits on promoting 

ulcer healing and lowering amputation rate and foot care education had no obvious 

changes. Comparing with two interventions, intensive nursing education had longer 

intervention time than foot care education. When DF has developed into an ulcer period, 

and simple nursing education intervention can not effectively improve the ulcer, nurses 

need to give high density, personalized, long term education to patients. Nurses can 

examine the patient's foot condition and assess the color, characteristics and number of 

the ulcers, pulsation of the dorsum of the foot, skin color and skin elasticity (National 

Institute for Health and Clinical Excellence [NICE], 2015). Although the ulcer has 

already occurred, nurses can strengthen education to the patients, so that the patients have 

a correct understanding of the severity of the ulcers and help them to take suitable nursing 

measures. Nurses can teach knowledge about DFUs and develop daily measures to help 

patients improve their ulcers.  

In medicine intervention, atorvastatin not only had the effect of lowering blood lipids but 

also had effect on endothelial growth and the function of regulating inflammation (Nissen, 
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Tuzcu, & Schoenhagen, 2004). Although both high and low doses of atorvastatin can 

improve ulcers, nurses should give the patient a clear dose of the drug as prescribed. 

Nurses need to follow the doctor's advice strictly and administer the medicine to the 

patient.  

4.2.3 Discussion of the selected articles’ data collection methods 

In a prefect data collection plan, the process of collection should be reliable and 

comprehensive, and it was important to record accurate, valid, and meaningful data after 

identifying data needs (Polit & Beck, 2012). Finally, the data needed further planning, 

organizing and improving, in order to reduce biases and to promote analysis (Polit & 

Beck, 2012). In quantitative studies, the methods of data collection included: self-reports, 

observations, records data, physiologic measurement and so on. 

In five of the selected studies, the researcher/authors were taken photographs of the 

wound (Gottrup et al., 2012; Kordestani et al., 2008; Johansen et al., 2009; Siavash et al., 

2013; Duzgun et al., 2008). Researchers could obtain information directly and ensure the 

authenticity of the data (Polit & Beck, 2012). On the other hand, photograph records also 

had some weaknesses, some of which were objective, such as photographing light, 

distance of photograph, difference angle of photograph and resolution limitations (Polit 

& Beck, 2012). This meant that there might generate problematic. Biases could be 

expressed not only in objective fact, but also reflect human perceptual errors. It was 

difficult to record observation in a completely objective method because of human 

perceptual existence, and sometimes observers distort observations resulted in big 

deviation (Polit & Beck, 2012).  

The study by Lincoln et al (2008) and Ren et al (2014) were observed the behaviour 

actions of patients to the data collection. Observation of the behavior can help researchers 

to get more information directly, it could be collected data in daily life to ensure the real 

and typical. But it can also generate information misunderstanding, because there was no 

direct communication between them and the patient may feel uncomfortable when they 

known they were being observation (Polit & Beck, 2012). 

In nine of ten studies, using laboratory test to collect data (Gottrup et al., 2012; Kordestani 

et al., 2008; Johansen et al., 2009; Siavash et al., 2013; Duzgun et al., 2008; Ren et al. 

2014; Blume et al., 2008; Shaw et al., 2011; Chen et al., 2009). which, according to Polit 

& Beck (2012), strengthening the objectivity and accuracy of the data collection method. 
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The limitation of this data collection method was that the cost of laboratory tests might 

be more expensive than other data collection methods (Polit & Beck, 2012). 

In seven of the selected studies, data was collected by laboratory tests of blood 

(Kordestani et al., 2008; Johansen et al., 2009; Siavash et al., 2013; Duzgun et al., 2008; 

Ren et al. 2014; Blume et al., 2008; Shaw et al., 2011). which, according to Polit & Beck 

(2012), laboratory analyses of blood were common and accurate. It was one of the most 

widely used method in hospital clinical examination (Polit & Beck, 2012). Patients could 

not easily distort outcomes of laboratory tests and the outcome was convincing with 

highly reliable and valid (Polit & Beck, 2012). 

In all of the ten studies, these three indicators were used frequently (Gottrup et al., 2012; 

Kordestani et al., 2008; Johansen et al., 2009; Siavash et al., 2013; Duzgun et al., 2008; 

Ren et al. 2014; Blume et al., 2008; Shaw et al., 2011; Chen et al., 2010; Lincoln et al., 

2008). The area of the ulcer could directly reflect the changes of the ulcer (the degree of 

healing or the degree of deterioration). Infection was one of the most common causes of 

ulceration (Siavash et al., 2013). The rate of amputation was a matter of concern to all 

diabetic patients with foot ulcer (Aalaa et al., 2012).  

In nine of the studies (Gottrup et al., 2012; Kordestani et al., 2008; Johansen et al., 2009; 

Siavash et al., 2013; Duzgun et al., 2008; Blume et al., 2008; Shaw et al., 2011; Chen et 

al., 2009; Lincoln et al., 2008), the research design was randomized controlled trial, 

which, according to Polit & Beck (2012), strengthening the objectivity of the data 

collection method and prevention of selective bias. 

4.3 Method discussion 
The present study gave a literature review on kind of interventions and effects of them on 

foot ulcers of patients with diabetic and put forward the role of nurse when they gone 

though the interventions. According to Polit & Beck (2012), a literature review was a 

good way to critically scrutinise and summarise previous research.  

The authors conducted a methodical and systematic search of the studies in MedLine, 

setting a strategy for making sense of the information, recording each step of the search 

process recommended to ensure effective search and to improve the quality of research 

(Polit & Beck, 2012). The authors have used MeSH terms and combined the search terms 

with the Standard Boolean Operators and used free text searches in order to get more 

accurate studies. This could be seen as a strength although the number of articles would 
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be greatly reduced, more relevant in relation to the aim and research questions (Polit & 

Beck, 2012). Synonyms of the selected search terms might have contributed important 

material, and the fact that the authors were not used in the searches, it might have lead to 

relevant material being missed, which might be seen as a limitation. The manual search 

was used in the review and found an article which meet the inclusion criteria and related 

the aim and research questions. 

The design of the ten studies that the authors have included in the result is an experimental 

research design. According to Polit & Beck (2012), the authors of the present formulated 

based on inclusion criteria with PICO to search terms that strengthen the reproducibility 

of the study. 

In order to widen the search scope and ensure the credibility of the research findings, the 

authors chose the databases for searching, named MedLine, which was widely recognized 

(Polit & Beck, 2012). This might have resulted in the authors missing research conducted 

in other databases. 

Limitations of this descriptive literature review included a risk of language bias because 

one of the authors’ selected inclusion criteria was that the articles must be written in 

English. It was possible that articles written in other languages have reported statistically 

significant results, but they were not included in this review. Also English was not the 

authors’ first language, meaning that misunderstand may have occurred. It is also as 

strength because English articles can be widely accepted.  

The articles should have been published between Jan 1st, 2007 and Dec 20th, 2017 in 

order to limit the outcome of the search. It may lead the authors to miss research 

conducted during an earlier date. On the other hand, it can be seen as to ensure that the 

researched articles were up-to-date and advanced (Polit & Beck, 2012). 

In the search process, we limited the article only in the University of Gävle so that the 

authors might have missed the relevant articles.  

According to Polit & Beck (2012), this was a good way to select articles that were read 

separately by both authors as an initial step, in order to ensure that authors understood 

articles deeply and did not influence each others’ opinion of articles in order to reduce 

the risk of losing important information.  
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All the studies were designed as randomized controlled trial, it was a best possible design 

for explaining the causal relationship to ensure scientific of articles (Polit & Beck, 2012).  

4.4 Clinical implications 
The results of present literature review focused on the effects of kinds of interventions 

through nurse’s performances. There are different interventions, they have different 

effects, and the roles of nurses in each intervention are different. Therefore, in the clinical 

practice, nurses need to assess patients with DFUs correctly and classify the severity of 

the ulcers. In addition to routine care, nurses need to command new interventions and 

techniques. According to the specific condition of patients, nurses can select the 

appropriate intervention methods and provide professional personalized nursing care for 

patients to promote ulcer healing, lower infection rate and lower amputation rate. 

4.5 Suggestion for further research 
After completing the material for the present literature review, it was established that no 

published Swedish study, which could answer the research questions of the present study 

could be found. In order to generate the effects of interventions better, nurses should play 

a more important role in the treatment process. For example, it is feasible to study the 

specific nursing interventions of DFUs specialized nurses in the treatment of DFUs. In 

the study, the effects of interventions are mainly on physiology. In future, it is also 

necessary to explore the psychological effects of intervention and the role of nurses. 

4.6 Conclusions 
There are kind of interventions to treat DFUs. Dressing intervention, physical 

intervention, nursing education intervention and medicine intervention had effects on 

promoting ulcer healing, lowering infection rate and lowering amputation rate for patients 

with DFUs. Nurses need to study and master various interventions constantly, which can 

help them play a more important role in the process of intervention and provide a better 

nursing care for patients with DFUs. 
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APPENDIX 1 
Table 3. Overview of selected articles. 

Author(s), years, 
country 

Title Design and 
approach 

Sample Intervention(T/C) Data collection 
method 

Method of data 
analysis 

Blume, P. A. 

Walters, J. 

Payne, W. 

Ayala, J. 

Lantis, J. 

Year of publication: 
2008 

Country: USA 

Comparison of Negative 
Pressure Wound Therapy 
Using Vacuum-Assisted 
Closure With Advanced 
Moist Wound Therapy in 
the Treatment of Diabetic 
Foot Ulcers. 

A multicenter 
randomized 
controlled trial 
with a quantitative 
approach.  

 

Number:335 

participants 
[T(NPWT):169; 
C(AMWT):166] 

Age: T: 58±12; C: 
59±12 

participants with a 
stage 2 or 3 (as 
defined by 
Wagner’s scale) 
diabetic foot ulcers. 

T: used the vacuum-
assisted closure to 
receive negative 
pressure wound 
therapy (physical 
intervention) 

C: used 

predominately 
hydrogels and 
alginates; 

Duration of 
intervention: 
112days 

 

photographs of the 
ulcer; laboratory 
examination to collect 

biochemical; ankle 
brachial index(ABI); 
assessed the ulcers 
grade by Wagner 
grade; Med DRA 
System Organ Class 

Analysis by The KCI 
Global Biometrics 
Group; Primary 
analysis was based on 
an intention-to-treat 
(ITT) analyses; t- test
； Wilcoxon rank-
sum test; Fisher’s 
exact test; Kaplan-
Meier survival 
analysis; ANCOVA; 
calculated using the 
O’Brien-Fleming-
spending 

Chen, C. E. 

Ko, J. Y. 

Fong, C. Y. 

Juhn, R. J. 

Year of publication: 
2009 

Treatment of diabetic foot 
infection with hyperbaric 
oxygen therapy. 

A randomized 
controlled trial 
with a quantitative 
approach.  

 

Number: 42 
participants 
(group1:21 patients 
with 21 feet ulcers; 
group 2:21 patients 
with 23 feet ulcers) 

Age: (group1: 
68±11; group2: 
66±21); 

Group1: All patients 
received HBOT 

(received <10 
sessions of HBOT) 

group2: All patients 
received HBOT 

ankle brachial 
index(ABI); assessed 
the ulcers by Wagner 
grade; laboratory 
examination to collect 

biochemical data; 
Imaging examination 
such as doppler 
ultrasound; sensitivity 

Mann-Whitney 
analysis test 

 



 

 

Country: China participants with 
grade III of diabetic 
foot ulcers and 
grade IV of 
diabetic foot ulcers 

(received >10 
sessions HBOT) 

(physical 
intervention); 

Duration of 
intervention: group1: 
the mean sessions 
were 3.5, lasted 35 
days; group 2: the 
mean sessions were 
22.8, lasted 228days. 

test; photographs of the 
ulcer 

Duzgun, A. P. 

Satır, H. Z. 

Ozozan, O. 

Saylam, B. 

Kulah, B. 

Coskun K.  

Year of publication: 
2008 

Country: Turkey 

Effect of Hyperbaric 
Oxygen Therapy on Healing 
of Diabetic Foot Ulcers.  

A prospective 
randomized 
controlled trial 
with a quantitative 
approach.  

 

Number:100 

participants (T:50; 
C:50) 

Age: (T: the mean 
age was 
58.1±11.03 years; 
C: the mean age 
was 63.00±9.15 
years) 

participants were at 
least 18 years of 
age with diabetic 
foot ulcers. 

T: the 

standard therapy 
plus HBOT 
(physical 
intervention) 

C: only standard 
treatment  

 

Duration of 
intervention: 20-
30days 

body mass index(BMI); 
assessed the ulcers by 
Wagner grade; 
photographic 

images for ulcers; 
laboratory examination 
to collect 

biochemical data 

the Mann Whitney U 
test; a personal 

computer running 
SPSS 11.0 for 

Windows 98; 

Two-tailed 

unpaired Student tests 

Gottrup, F. 

Cullen, B. M. 

Karlsmark, T. 

Mikkelsen, M. B. 

Randomized controlled trial 
on collagen/oxidized 
regenerated cellulose/silver 
treatment. 

A randomized 
controlled trial 
with a quantitative 
approach.  

 

Number:39 

participants (T:24; 
C:15) 

T: apply 
Collagen/ORC/silver 
dressing and foam 
dressing (dressing 
intervention) 

C: only apply a  

photographs of the 
ulcer; ankle brachial 
index(ABI); toe 
brachial index(TBI);  

measurement of toe 
pressure; assessed the 
ulcers grade by Wagner 

using Minitab 15 
Statistical 

Software; Fisher’s 
exact test; t-test; 
Kruskal-Wallis test; 
Mann-Whitney test; 
Imaging Research 



 

 

Nisbet, L. 

Gibson, M. C. 

Year of publication: 
2012 

Country: UK 

Age: (T: 
62.9±13.5; C: 
57.3±14.6) 

Participants with 
diabetic foot ulcer 
of at least 30 days  

 

 

foam dressing; 

Duration of 
intervention: 14 
weeks 

 

grade; measured wound 
area; collect wound 
fluid samples 

Array Vision 
software; Microsoft 
Excel (Microsoft, 
Redmond,WA) 

Johansen, O. D. 

Birkeland, K. I. 

Jorgensen, A. P. 

Orvik, E. 

Sorgard, B. 

Torjussen, B. R. 

Ueland, T. 

Year of publication: 
2009 

Country: Norway 

Diabetic foot ulcer burden 
may be modified by high-
dose atorvastatin: A 6-
month randomized 
controlled pilot trial. 

A randomized 
controlled trial 
with a quantitative 
approach.  

 

Number:13 

participants [T 
(dose of 80 mg):7 
patients with 9 
ulcers; C(dose of 
10 mg): 6 patients 
with 6 ulcers] 

Age: (T/C: the 
mean age was 64, 
43-87) 

participants with 
DM, >30 years of 
age, and with a 
neuropathic 
diabetic foot 
ulcers<4 months.  

T: concomitant 
medication use with 
atorvastain dose of 
80 mg  

C: concomitant 
medication use with 
atorvastain dose of 
10 mg 

(medicine 
intervention); 

 

Duration of 
intervention: 
6months 

 

Ankle-arm blood 
pressure index(ABPI); 
body mass index(BMI); 
laboratory test; using a 
digital camera to 
monitored ulcer surface 
area; collection of 
venous blood samples 

Mann-Whitney U-
test; Chi-squared; 
Fisher’s exact 

tests 

Kordestani, S. 
Shahrezaee, M. 
Tahmasebi, M. N. 
Hajimahmodi, H. 
Ghasemali, D. H. 

Abyaneh, M. S. 

A randomized controlled 
trial on the effectiveness of 
an advanced wound dressing 
used in Iran. 

A randomized 
controlled trial 
with a quantitative 
approach. 

 

Number: 85 
participants (T:33; 
C:52) 

Age: (T: the mean 
age was 41.2; C: 

T: moist bio-active 
dressing (dressing 
intervention) 

C: traditional 
dressing in the form 
of gauze, bandage 

photographs of the 
ulcer and calculated 

using Auto CAD 2000 
software; 

Assessed the ulcers 
grade by the National 

using analysis of 
variance 

(ANOVA) and chi-
square test; using 
SPSS software to 
analysis data 



 

 

Year of publication: 
2008 

Country: Iran 

the mean age was 
45.8) 

Participants with 
diabetic foot ulcers 
who form five 
major teaching 
hospitals in Tehran. 

and adhesive tapes; 

 

Duration of 
intervention: 21days 

 

Pressure Ulcer 
Advisory Panel 
(NPUAP) classification 

scale and the Wagner 
scale; laboratory 
examination to collect 

biochemical 

Lincoln, N. B. 

Radford, K. A. 

Game, F. L. 

Jeffcoate, W. J. 

Year of publication: 
2008 

Country: UK 

Education for secondary 
prevention of foot ulcers in 
people with diabetes: a 
randomised controlled trial. 

A randomized 
controlled trial 
with a quantitative 
approach.  

 

Number:172 

participants (T:87; 
C:85) 

Age: (T: the mean 
age was 63.5 years; 
C: the mean age 
was 64.9 years) 

participants 
admitted to hospital 
for diabetic foot 
ulcers 

T: receive nursing 
education (nursing 
education 
intervention) 

C: without nursing 
education; 

Duration of 
intervention: 4 
weeks 

complete 

the Nottingham 
Assessment of 
Functional Footcare 
(NAFF) 

Questionnaire; use 
Diabetic Foot 
Scale(DFS);  

Short Form Diabetic 
Foot Scale (DFS-SF) 
and Hospital Anxiety 
and Depression 
Scale(HADS ) 

Mann–Whitney U 
tests; analysed using 
SPSS version 14. 

Ren, M. 

Yang, C. 

Lin, D. Z. 

Xiao, H. S. 

Mai, L. F. 

Guo, Y. C. 

Yan, L. 

Effect of Intensive Nursing 
Education on the diabetic 
Foot ulceration or patients 
with high-risk diabetic foot. 

A randomized 
self-control trial 
with a quantitative 
approach.  

Number:185 

participants (with 
foot ulcers:29; with 
high-risk diabetic 
foot:156) 

Age: (with foot 
ulcers: the mean 
age was 61±8.16 
years; with high-
risk diabetic foot 

T: receive intensive 
nursing education 
(nursing education 
intervention) 

C: without intensive 
nursing education; 

Duration of 
intervention:3 
months 

ankle brachial 
index(ABI); body mass 
index(BMI);  

imaging examination 
such as vascular 
ultrasound; laboratory 
test; a risk 
questionnaire 

Mann–Whitney U 
test; Fisher’s exact 
test  

 

 



 

 

Year of publication: 
2014 

Country: China 

ulcers: the mean 
age was 
60.09±8.90 years) 

participants with 
diabetic foot ulcers 
or participants with 
high-risk diasbetic 
foot 

Shaw, J. 

Hughes, C. M. 

Lagan, K. M. 

Stevensont, M. R. 

Irwin, C. R. 

Bell, P. M. 

Year of publication: 
2011 

Country: UK 

The effect of topical 
phenytoin on healing in 
diabetic foot. 

 

A double-blind 
randomized 
controlled trial 
with a  

quantitative 
approach. 

 

Number:65 

participants (T:31; 
C:34) 

Age: mean age was 
61.7 (±13.4) years 

participants with 
diabetic foot ulcers 
more than 4 weeks’ 
duration. 

T: used the 
phenytoin-
containing alginate-
based, hydrogel 
dressing (dressing 
intervention) 

C: only apply 
alginate-based 
dressing; Duration of 
intervention: 16 
weeks 

laboratory examination 
to collect 

Biochemical; body 
mass index(BMI); 
ankle brachial 
index(ABI); using the 
Short-Form McGill 
Pain Questionnaire and 
Visual Analogue Scale;  

Use Kaplan-Meier 
test; waveform 
analysis; t-test and 
Fisher’s exact test; 
Mann-Whitney U-test  

 

Siavash, M. 

Shokri, S. 

Haghighi, S. 

Shahtalebi, M. A. 

Farajzadehgan, Z. 

Year of publication: 
2013 

The efficacy of topical royal 
jelly on healing of diabetic 
foot 

ulcers: a double-blind 
placebo-controlled clinical 
trial. 

A double-blind 
randomized 
controlled trial 
with a  

quantitative 
approach. 

 

Number:64 

participants (T:32; 
C:32) 

Age: (T: the mean 
age was 60.6; C: 
the mean age was 
60.0) 

Participants 
suffered from type 
2 DM with one or 

T: allocated to 

receive topical Royal 

Jelly dressing 

(dressing 

intervention) 

photographs of the 
ulcer; assessed with 
regard to number, 
position 

of the ulcer, length, 
width (measured by 
digital calliper), 

depth (measured by 
means of a sterile probe 
placed in the 

Using the t -test; 

The χ2 test and 16.0 
version of SPSS 
software 

 



 

 

 

 

 

 

 

 

 

 

Country: Iran multiple ulcers on 
their feet. 

C: allocated to 

receive topical 

placebo gel;  

Duration of 

intervention: 12 

weeks 

ulcer) and the presence 
of infection, callus, 
necrotic tissue 

or ischaemia; 

Measurement of the 
posterior pulses of the 
foot by palpation; 

body mass index(BMI); 
ankle brachial 
index(ABI); imaging 
examination such as 
color doppler 



 

 

APPENDIX 2 
Table 4. Overview of selected articles’aims, main results and the main effect of intervention. 

Author(s) Aim Results the main effect of 
intervention 

Blume, P. A. 

Walters, J. 

Payne, W. 

Ayala, J. 

Lantis, J. 

Assess the safety and clinical efficacy of 
Negative Pressure Wound 

Therapy(NPWT) compared with 
advanced moist wound therapy 

(AMWT). 

A greater proportion of foot ulcers achieved complete 
ulcer closure with NPWT (73 of 169, 43.2%) than with 
AMWT (48 of 166, 28.9%) within the 112-day active 
treatment phase. Significantly fewer amputations were 
observed in NPWT patients (7 of 169, 4.1%) compared 
with AMWT patients (17 of 166, 10.2%). In assessing 
safety, no significant difference between the groups was 
observed in treatment-related complications such as 
infection, cellulitis, and osteomyelitis at 6 months. 

Promote ulcer healing: 

- yes 

Lower infection rate: 

- not studied 

Lower amputation rate: -
yes 

Chen, C. E. 

Ko, J. Y. 

Fong, C. Y. 

Juhn, R. J. 

 

To demonstrate the effectiveness of 
hyperbaric oxygen therapy (HBOT) in 
the therapy of the infected diabetic foot 

In patients who received <10 sessions of HBOT, seven 
patients achieved satisfactory wound healing, ten 
patients took amputations. Feet were preserved in 33.3%. 
In patients with >10 sessions of HBOT, 16 patients with 
18 feet achieved good wound healing, four patients took 
amputations. Of these patients, 78.3% preserved their 
feet. 

Promote ulcer healing: 

- yes 

Lower infection rate: 

- not studied 

Lower amputation rate: 

- yes 

 
Duzgun, A. P. 

Satır, H. Z. 

Ozozan, O. 

Saylam, B. 

To evaluate the effectiveness of HBOT 
on diabetic foot ulcers, and to compare 
HBOT with standard therapy(ST) 

Specifically, there were zero (0%) patients in the ST 
group who healed without surgery performed in the 
operating room, versus 33 (66%) of the patients in the 
group receiving HBOT healed without going to the 
operating room. To achieve wound coverage and 
healing, 50 (100%) of those in the ST group required 
either operative debridement in the operating room, an 

Promote ulcer healing: 

- yes 

Lower infection rate: 

- not studied 



 

 

Kulah, B. 

Coskun K. 

amputation, or the use of a flap or skin graft; whereas 8 
(16%) of those in the group receiving HBOT required 
these forms of surgical management. In regard to distal 
(distal to the MTPJ level) versus proximal (proximal to 
the MTPJ level) amputation, 24 (48%) of those in the ST 
group underwent distal amputation whereas 17 (34%) of 
them required proximal amputation. In the group 
receiving HBOT, 4 (8%) underwent distal amputation, 
and zero (0%) required proximal amputation. 

Lower amputation rate: 

- yes 

Gottrup, F. 

Cullen, B. M. 

Karlsmark, T. 

Mikkelsen, M. B. 

Nisbet, L. 

Gibson, M. C. 

 

To compare the clinical outcomes of the 
collagen/ORC/silver and the control 
treatment groups 

Treatment group to achieve at least 50% reduction in 
wound area throughout the study. At each time point, 
there is a higher proportion of improved wounds in the 
collagen/ORC/silver group compared with the control 
group. At the end of the study, 91% of wounds in the 
collagen/ORC/silver treatment group compared with 
69% of wounds in the control group either healed or 
showed a reduction in wound size of at least 50%. 

There were significantly fewer withdrawals from the 
study because of infection in the collagen/ORC/silver 
group compared with the control group (0% vs. 31%).  

Promote ulcer healing: 

- yes 

Lower infection rate: 

- yes 

Lower amputation rate: 

- not studied 

Johansen, O. D. 

Birkeland, K. I. 

Jorgensen, A. P. 

Orvik, E. 

Sorgard, B. 

Torjussen, B. R. 

Ueland, T. 

To investigated the effects of low (10 
mg) and 

high (80 mg) doses of atorvastatin on the 
healing and 

recurrence risk of diabetic foot ulcers  

 

The median reduction in DFU surface area was 0.6 mm² 
/day in the 80mg atorvastatin groups and 0.4 mm²/ day in 
the 10mg atorvastatin groups. None of the patients had a 
systemic DFU infection in two groups. The index of C-
Reactive protein began to decline after treatment in high 
dose of Atorvastatin group. 

Promote ulcer healing: 

- yes 

Lower infection rate: 

- yes 

Lower amputation rate: 

- not studied 

Kordestani, S.  To compare the wound healing rate and 
incidence of infection in wounds treated 

In the control group, four ulcers healed, but the 
remaining wounds all deteriorated and became infected, 

Promote ulcer healing: 



 

 

Shahrezaee, M.  

Tahmasebi, M. N.  

Hajimahmodi, H.  

Ghasemali, D. H. 

Abyaneh, M. S. 

with either a bioactive dressing or 
conservative 

 

requiring antibiotics. In contrast, in the treatment group 
29/34 wounds healed completely, and none became 
infected; the remaining five wounds healed during the 
follow-up period. The difference between the two groups 
in the number of wounds that healed was statistically 
significant. 

- yes 

Lower infection rate: 

- yes 

Lower amputation rate: 

- not studied 

 

 

 

 
Lincoln, N. B. 

Radford, K. A. 

Game, F. L. 

Jeffcoate, W. J. 

 

To determine the effect of a foot care 
education programme in the secondary 
prevention of foot ulcers. 

There were 87 (mean [SD] age 63.5 [12.1] years) 
patients in the intervention group and 85 control patients 
(mean [SD] age 64.9 [10.9] years). No significant 
differences in ulcers healing were observed between 
groups in ulcer incidence at either 6 months (intervention 
30%, control 21%) or 12 months (intervention 41%, 
control 41%).  

Promote ulcer healing: 

- no significant changes 

Lower infection rate: 

- not studied 

Lower amputation rate: 

- not studied  

 
Ren, M. 

Yang, C. 

Lin, D. Z. 

Xiao, H. S. 

Mai, L. F. 

Guo, Y. C. 

To investigate the effect of intensive 
nursing education on the development of 
diabetic foot ulceration and decreasing 
the rate of lower extremity amputation. 

 

As for patients with high-risk diabetic foot, the incidence 
of foot ulceration decreased from 41.2% to 11.1% after 
the intensive nursing education; Four cases needed 
amputation before intensive education, whereas after 
intensive education, the ulcerations improved, with no 
need of amputation.  

Promote ulcer healing: 

- yes 

Lower infection rate: 

- not studied 

Lower amputation rate: 

- yes 



 

 

 

Yan, L. 

Shaw, J. 

Hughes, C. M. 

Lagan, K. M. 

Stevensont, M. R. 

Irwin, C. R. 

Bell, P. M. 

 

To determine the effect of topical 
phenytoin on healing in diabetic foot 
ulcers. 

 

Sixty percent of the diabetic foot ulcers closed overall 
(18 in the phenytoin group, 20 in the control group) with 
no statistically significant differences in complete 
healing or in diabetic foot ulcer area over time between 
the two groups. At 24-weeks follow-up, one diabetic foot 
ulcer had recurred. 

Promote ulcer healing: 

- no significant changes 

Lower infection rate: 

- not studied 

Lower amputation rate: 

- not studied 

Siavash, M. 

Shokri, S. 

Haghighi, S. 

Shahtalebi, M. A. 

Farajzadehgan, Z. 

 

To evaluate the efficacy of topical RJ on 
healing of DFUs. 

 

Mean (SD) duration of complete healing was 36 days in 
control group and 38 days in RJ group, which was not 
statistically significant (P = 0.74). Twenty-nine ulcers in 
control group (90.6%) and 30 in RJ group (93.8%) 
completely healed, which was not significantly different 
(P = 0.6). 

Promote ulcer healing: 

- no significant changes 

Lower infection rate: 

- not studied 

Lower amputation rate: 

- not studied 
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