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INTRODUCTION
Diabetes mellitus is on the rise in Singapore. It is now the second 
most significant cause of ill-health and disease in Singapore after 
ischaemic heart disease, affecting one in nine Singaporeans. One 
in three diabetics do not know that they have the condition, 
and among known diabetics, one in three have poor control of 
their condition.(1) Currently, Singapore has the second-highest 
proportion of diabetics among developed countries after the 
United States.(2) Indeed, Asians are becoming more at risk for 
diabetes mellitus due to rising incomes and the prevalence of 
unhealthy lifestyles.(3) Asians have a higher percentage of body 
fat than their Western counterparts.(4) Diabetes mellitus cost 
Singapore SGD 1 billion in 2010, and this figure is projected to 
rise to SGD 2.5 billion by 2050. The cost per working-age person 
is also projected to increase from SGD 7,678 in 2010 to SGD 
10,596 in 2050.(3)

The key to management of diabetic foot wounds is prevention. 
The lifetime risk of developing a foot ulcer is 15%,(5) while in 
diabetics, the incidence of developing an ulcer may be as high 
as 25%.(6) Once an ulcer has developed, there is a high risk of 
it leading to below-knee amputation. Limb amputations are the 
most costly and feared consequence of foot ulcers. In diabetics, 
84% of non-traumatic limb amputations are preceded by foot 
ulcers.(7) This group is 25 times more at risk of a limb amputation 
as compared to people without diabetes mellitus.(8)

This paper aimed to discuss the importance of prevention and 
our protocol for prevention – in the form of education and foot 
screening – and to review the existing evidence in the literature 
regarding the effectiveness of the preventive approach.

STRATEGY FOR DIABETIC FOOT 
MANAGEMENT
Fig. 1 summarises our algorithm for the prevention of diabetic 
foot wounds. Both professional and patient education, and foot 

screening are required to prevent diabetic foot problems, with the 
help of government intervention to run education and screening 
programmes on a national scale. Our institution, the National 
University Hospital, Singapore, adopts a two-pronged strategy in 
treating diabetic foot wounds. The first strategy is to prevent foot 
wounds. However, if a wound develops, it should be treated by 
an interdisciplinary diabetic foot team in a hospital.

Education as the most important strategy
The key to prevention of diabetic foot problems is education. 
While this should be mainly directed at patients and caregivers, 
professionals must first be educated so that they understand the 
nature of patient education. Once trained and educated, they 
can then provide effective education for patients and caregivers.

There is controversy in the literature about the effectiveness 
of patient education in preventing diabetic foot ulcer (Table I). 
With regard to preventing ulceration and below-knee 
amputation, Malone et al(9) found, in a randomised controlled 
study, that the amputation rate in the control group was three 
times higher than that in the intervention group (p < 0.05). In 
addition, McMurray et al,(10) in a randomised controlled study 
involving end-stage renal failure patients, found significant 
improvement in self-knowledge in the intervention group 
(p < 0.001). They also found five amputations in the control 
group, versus no amputations in the intervention group 
(p < 0.05). In a blinded randomised controlled trial, Litzelman 
et al(11) also found the intervention group to be less likely to 
develop foot lesions (p = 0.05). The intervention group also 
demonstrated self-foot care behaviour (p < 0.001). However, 
Lincoln et al,(12) in an observer-blinded randomised controlled 
study, reported no significant difference in the two groups in 
terms of ulcer incidence at six months and amputation rate. The 
effectiveness of patient education may depend on the type of 
teaching pedagogy employed.(13) While Kruger et al(14) reported 
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that hands-on teaching was ineffective compared to didactic 
teaching, Gershater et al(13) showed that group discussion is 
not an ideal method (Table I). More research is needed on the 
effectiveness of different teaching methodologies utilised.

Despite the controversy regarding the usefulness of patient 
education, several guidelines have recommended that care of the 
foot be taught to patients and caregivers(15-18) along with the use of 
appropriate footwear.(15,16) The International Working Group on 
the Diabetic Foot strongly recommended education on footwear 
and encouraged education for foot care.(16)

Professionals who require education include general 
practitioners, doctors, nurses and allied health professionals 
in hospitals and primary healthcare centres. Box 1 shows 
educational materials such as books, websites and guidelines 
that are available for training professionals.

Nevertheless, the main thrust of our education efforts should 
be directed at patients and caregivers. Education must be provided 
in three different areas: care of diabetes mellitus, care of the foot 
and choice of footwear. We found that patients usually do not 
understand diabetes mellitus and do not manage it well. They 

often present with a glycated haemoglobin (HbA1c) level of 
10.0% or more. In our 2014 study on the effectiveness of the 
multidisciplinary team approach to treat diabetic foot, 45% in a 
cohort of 206 patients had a HbA1c level of more than 10%.(25) 
Hence, our education efforts should focus on first teaching 
patients about diabetes mellitus and its care, including diet, 
exercise and medication. Next, we must educate them on foot 
hygiene and care of the foot. Finally, attention must be given to 
the use of appropriate footwear.

Patient education materials that are available include books(26) 
and online materials (Box 2). Other materials include patient 
education pamphlets given by institutions. The pamphlets given 
to patients in our hospital included ‘Knowing Diabetes’, ‘Happy 
Feet’ and ‘Patients’ Guide for Footwear’.(17)

Foot screening
The effect of foot screening in reducing diabetic foot wounds is 
controversial. Lavery et al(27) showed that a combination of foot 
screening and education was able to decrease the incidence 
of amputation by 47.4% (p < 0.05), as well as reduce average 
inpatient length of stay by 21.7% (p < 0.05). However, in a 
retrospective case-control study involving 61 Pima Indian patients 
with prior amputation and 183 controls without prior amputation, 
Mayfield et al(28) found that receiving one or more foot care 
examinations does not significantly reduce the risk of amputation 
(p = 0.31). More prospective research is needed.

In addition, the frequency of foot screening may affect its 
outcome. More research is needed to evaluate the effect of different 
frequencies employed. In our hospital, all diabetic patients are 
subjected to annual foot screening in addition to yearly eye 
screening, heart screening and kidney screening.(29) The strategy of 
the Ministry of Health, Singapore, is to screen diagnosed diabetics 
as early as possible at the primary healthcare level.

Table I. Studies of patient education programmes.

Author, yr Intervention/control 
groups (No.)

Intervention Duration of 
intervention

Duration of 
follow‑up

Outcome

Malone et al, 
1989(9)

103 (203 limbs)/ 
100 (193 limbs)

1‑hr foot care lesson vs. 
general education

1 hr 2 yr Significantly lower amputation 
rate (4.0% vs. 11.9%, p < 0.025), 
lower ulceration rate  
(4.5% vs. 14.7%, p = 0.002)

McMurray et al, 
2002(10)

45/38 Individualised diabetic 
education vs. standard 
care without education

1 yr 1 yr Improvement in 
self‑management behaviour  
(p < 0.001), lower amputation 
rate in intervention group 
(13.2% vs. 0%, p < 0.05)

Lincoln et al, 
2008(12)

87/85 Education session vs. 
usual care

4 wk 1 yr No significant difference in ulcer 
incidence and amputation rate

Litzelman et al, 
1993(11)

191/205 Foot care sessions vs. 
usual care

1 yr 1 yr Intervention group less likely to 
develop foot ulcer (p = 0.05), 
had better foot care behaviour

Kruger et al, 
1992(14)

23/27 Hands‑on session with 
lecture vs. lecture alone

1 wk 6 mth Hands‑on session ineffective

Gershater et al, 
2011(13) 

40/58 Group discussion vs. 
didactic teaching

1 hr 6 mth Higher ulceration rate 
(48% vs. 38%) in intervention 
group

Prevention of diabetes mellitus

Education Screening at primary 
healthcare/hospital level

Government involvement

Education Healthy lifestyle Screening Control Treatment

•  Professional education
•  Patient education •  Eye

•  Heart
•  Kidney
•  Foot

Fig. 1 Algorithm for prevention of diabetes mellitus and diabetic foot.
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The ‘foot at risk’
The purpose of foot screening is to detect signs of the ‘foot at 
risk’. This refers to a foot with the potential to ulcerate. The 
four key signs of the foot at risk are loss of protective sensation 
(peripheral neuropathy), one or both distal pulses not being 
palpable (peripheral arterial disease), presence of foot deformity 
or callosity, and inability to reach the foot or visual impairment.(16) 
The risk stratification tool by Leese et al can be used to predict 
the risk of foot ulceration.(30) The tool classifies the foot into 

one of three categories: low, moderate or high risk (Fig. 2). This 
stratification is based on four clinical criteria: patient history, foot 
pulses, monofilament testing and foot deformity.

Methods of foot screening
There is no standardised protocol for foot screening. The different 
screening methodologies used by the various institutions are 
shown in Table II.

Our institution’s protocol consists of clinical history and 
examination (including neurological and vascular assessment), 
measurement of the ankle-brachial index (ABI) and toe-brachial 
index (TBI), the monofilament test and neurothesiometer test, 
foot risk stratification, foot care education and a management 
plan.(29) ABI/TBI measurement is not done in the American 
Diabetes Association’s protocol and the NHS (National Health 
Services) Scotland’s protocol. Singapore’s Ministry of Health 
intends to conduct foot screening on a national level, and future 
screenings will not include ABI/TBI and neurothesiometer 
measurement. Foot screening aims to detect the foot at risk, 
including the absence of a palpable pulse (can be detected 
clinically). Hence, there is no need for the ABI/TBI, which 
requires additional equipment and taking up more steps for 
screening. Furthermore, the monofilament test is able to reveal 
the clinical presence or absence of neuropathy, and therefore, 
the neurothesiometer is also not necessary.

Government intervention
In the United States, the country with the highest proportion of 
diabetic patients among developed countries,(2) the government 
of each state funds national campaigns and programmes to 
lower the prevalence of diabetes mellitus. The United Kingdom 
has implemented the DESMOND (Diabetes Education and Self-
management for Ongoing and Newly Diagnosed) programme 
since 2003. This programme has not made a significant impact 
on glycaemic control, but has shown a better understanding of 
diabetes mellitus among patients.(34)

Government involvement is crucial for successful prevention 
on a national scale. It is noteworthy that the Minister for Health, 
Singapore, ‘declared a war on diabetes’(1) in April 2016. It 

Assess foot pulses, monofilament sensation,
 history of foot ulcer, presence of foot deformity

 and inability to perform self-care

Low risk 
Able to detect ≥ 1 pulse
per foot AND able to
feel 10 g monofilament 
AND no foot deformity,
physical/visual 
impairment
(no previous ulcer)

Moderate risk
Unable to detect both pulses in
a foot OR unable to feel 10 g
monofilament OR foot deformity 
OR unable to see or reach foot
(no history of previous foot
ulcer)

High risk 
Previous ulceration or
amputation OR absent 
pulses AND unable to feel 
10 g monofilament OR 
one of the above with
callus or deformity

Fig. 2 Foot risk stratification scheme.(30)

Box 1. Materials for professional education.

Books Clinical Care of the Diabetic Foot, Armstrong 
DG (2005)(19)

Diabetic Foot Problems, Nather A (2008)(20)

Levin and O’Neal’s The Diabetic Foot, Bowker JH & 
Pfeifer MA (2008)(21)

The Diabetic Foot, Nather A (2012)(22)

Surgery for Diabetic Foot: a Practical Operative 
Manual, Nather A (2016)(23)

Websites International Diabetes Federation (https://www.
idf.org)
American Diabetes Association (http://www.
diabetes.org)
Centers for Disease Control and 
Prevention (https://www.cdc.gov/diabetes) 

Guidelines IWGDF Guidance on the management and 
prevention of foot problems in diabetes 2015(16)

Diabetic foot problems: prevention and 
management, NICE guideline 2015(15)

Best practice guideline for ASEANPlus: 
management of diabetic foot wounds(17)

2012 Infectious Diseases Society of America 
clinical practice guideline for the diagnosis and 
treatment of diabetic foot infections(24)

Box 2. Materials for patient education.

Books Type 2 Diabetes Basics, International Diabetes 
Center (2014)(26)

Websites American Diabetes Association DiabetesPro Patient 
Education Library (https://professional.diabetes.
org/content/patient‑education‑library)
Diabetic Living (http://www.diabeticlivingonline.
com)
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initiated two ministerial task forces, one on Diabetes Prevention 
and Care and a second task force to promote a healthy lifestyle. 
Such government intervention needs to be long and sustained. 
Intervention is important not only to address diabetes but also 
other chronic related diseases, such as hypertension, ischaemic 
heart disease, stroke and renal impairment.

CONCLUSION
In conclusion, the key to management of diabetic foot wounds 
is prevention, and our main efforts should be put into education. 
Foot screening also plays an important role. However, for 
prevention efforts to be effective, prolonged and sustained 
government involvement is needed.
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Table II. Different foot screening methods.

Protocol Foot screening method

NUH protocol(29) Patient history
Clinical exam
Monofilament test/
neurothesiometer
Ankle‑brachial/toe‑brachial index
Patient education

Ipswich protocol(31) Patient history
Clinical exam
Ipswich Touch Test
Patient education

ADA protocol(32) Patient history
Clinical exam
Monofilament test/tuning fork/
neurothesiometer
Patient education

NHS Scotland protocol(33) Patient history
Clinical exam
Monofilament
Patient education

ADA: American Diabetes Association; NHS: National Health Services; 
NUH: National University Hospital


