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Abstract

A diabetic foot ulcer (DFU) is the prime cause of poor quality of life among diabetic patients. DFU leads to physical 
disability and an enormous economic burden on diabetic patients. The development and prognosis of DFU are 
preventable in most patients by modifying the risk factors for DFU. Programs intervened by clinical pharmacists 
can enhance rational drugs use and improve the early identification and prevention of DFU. This study intended 
to prove the beneficial outcome in identifying the risk factors and the provision of patient-tailored referral advice 
regarding DFU among diabetic patients. This cross-sectional study assessed the neuropathy through Michigan 
Neuropathy Screening Instrument (MNSI), Monofilament and Vibration test using Tuning Fork and Handheld 
Doppler for assessing the lower limb vascular disease as per NICE guideline among 137 diabetic patients. 64% 
of patients were found to have symptoms of neuropathy through the neuropathy assessment test whereas 36% 
did not have the symptoms. Foot sensory using monofilament test was found to be normal in 49.64% of DFU 
patients, reduced in 43.80%, and absent in 6.57% of DFU patients. The Ankle Brachial Index (ABI) was found 
to be normal in 48% of patients, mild in 34% of patients, moderate in 12% of patients, and incompressible in 6% 
of patients. Clinical Pharmacist intervened risk assessment through Hand-held Doppler, MNSI instrument, and 
Vibration test helped in screening the DFU patients for Neuropathy, and implementation of effective per patient-
tailored education was found to be beneficial in the early identification of DFU and referral to specialty hospitals.

Key words: Diabetic foot ulcer, clinical pharmacy services, patient counseling, foot care guideline, screening 
program

Address for correspondence: 
A. Porselvi, School of Pharmacy, Sathyabama Institute 
of Science and Technology, Jeppiaar Nagar, Rajiv 
Gandhi Salai, Chennai – 600 119, Tamil Nadu, India. 
E-mail: arumugamporselvi@gmail.com

Received: 04-01-2022 
Revised: 07-02-2022 
Accepted: 17-02-2022

INTRODUCTION

Diabetic foot ulcer (DFU) complications 
are the main contributor for the non-
traumatic lower extremity amputations 

among the diabetic patients around the world.[1-5] 
The risk of amputation is estimated to be 15–46 
tomes more in diabetic population than the non-
diabetics.[2,6,7] More than 25% of admissions are 
related to DFU rendering economic burden to 
the diabetic populations.[8-15]

Many risk factors are responsible for the 
development of DFU among the diabetic 
patients.[16-20] The most important predictor is 
peripheral vascular disease (PVD) and diabetic 
neuropathy (DN).[4] Other notable risk factors 
include the chronic uncontrolled HbA1c 
levels, previous history of DFU and previous 

amputation history. Foot ulcers along with comorbid 
conditions can diminish the quality of life (QOL) of patients 
and lead to lifelong disability.[21-28]

Early identification, referral and appropriate treatment can 
help in the prevention of amputation by 85%.[29-31] Regular 
and careful foot check with inexpensive but effective ways 
can prevent the development of foot complications.[32-37] 
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Unfortunately, many of the diabetic patients were not aware 
of prevention techniques and the costly crowded populations 
of the hospitals prevent them from getting regular check-ups 
from the podiatrist care.

Studies involving clinical pharmacy services in identifying 
risk factors among the diabetic population are scarce in India, 
and hence, this study[38,39] is the pioneer work on the same 
to identify patients with risk factors to develop DFU and 
provided with patient-tailored referral advice to mitigate the 
prognosis and complications of DFU.

MATERIALS AND METHODS

Study setting, design, and study period

A cross-sectional study was conducted at a tertiary care 
hospital outpatient department setting from June 2016 to 
June 2017. The hospital is a teaching, research, and referral 
hospital for diabetes patients by the surrounded towns and 
villages. The study population and the methodology are like 
the article published by Bunting et al.[10]

Study participants and eligibility criteria

Diabetes patients of 18 years and more with or without DFU 
of either gender, willing to participate were included in the 
study. The patients were not compelled to follow a specific 
protocol. Patients who have advanced infective ulcers were 
excluded from the study.

Study variables

The patients were assessed for the risk of developing DFU by 
NICE guidelines. The blood pressure, glucose level, HbA1c 
level, and the results of Ankle Brachial index were also 
considered. Advanced patient education was provided as a 
usual procedure after visiting the physician for the treatment 
of illness. The co-morbidities and risk factors were noted 
from the medical records of the patients.

Sample size and sampling technique

Required sample size was calculated using single population 
proportion formula based on normal distribution value at 
95% confidence interval and margin of error 5%. Based 
on the average number of patients visiting the facility, the 
required population is found to be 155. The final sample size 
after applying 10% of contingency was 110.

Data collection

Data collection form was framed after tremendous study done 
with previous literatures published from authorized sources. 

Clinical Pharmacist, the researcher had prior training and 
experience in diabetes and DFU patient counseling and was 
a certified patient educator by the International Diabetes 
Federation, India.

Data processing and analysis

The collected data were entered, and analysis was done using 
statistical package for social sciences (SPSS) 24. Descriptive 
data were explained by frequency and percentage. The 
obtained results were explained by means and standard 
deviations.

Ethics approval and consent to participate

Informed consent form was provided to all patients with 
research information and explained verbally in vernacular 
languages. This study was approved by the Institutional 
Ethical Committee separately for phase I and II for a tertiary 
care hospital. Institutional Ethical Clearance No: IEC No: 
1043/IEC/2016 and IEC No: 1168/IEC/2017.

Risk assessment using hand –held Doppler

It is intended for vascular applications [Figure 1]. It has all 
the standard features like that of a traditional ultrasound 
vascular Doppler Figure 1, and the special features are listed 
[Table 1]. The instrument is supplied with a gel tube, cord, 
padded carry bag, software for Ankle Brachial Index (ABI) 
calculation and finally a manual.

The instrument has many best features like a display to 
show pulse rate digitally and 8MHz Doppler probe with an 
excellent sound quality. There is an inclusion of the battery 
recharger. The machine is made with the compatible mode 
that it can work even with dry cells in case of emergency 
situations where there are no rechargeable batteries available. 
The various application of the Doppler is listed [Table 2].

Figure 1: Hand–held doppler machine
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The assessment of ABI is done by comparing the blood 
pressure of upper and lower limbs.[40-46] The clinical 
pharmacist calculated ABI using the software provided by 
dividing the ankle arterial blood pressure by the brachial 
arterial blood pressure. If the ratio ranging from 0.91 to 
1.30 means the absence of peripheral arterial disease (PAD), 
0.71 to 0.90 mild PAD, 0.41 to 0.70 moderate PAD, <0.40 is 
severe PAD and ˃1.30 means the presence of incompressible 
calcified artery.

Risk assessment using the monofilament test

A standardized 10 g monofilament is pressed against 
the different parts of the feet to identify the presence of 
neuropathy.[47-52] Application must be repeated twice at the 
same site, but a single mock application is done in an alternative 
site in which the filament is not touched. It is considered that 
there is protective sensation if the patient answered correctly 
at each site at least 2 out of 3 applications. If the answers 
are wrong, then it noted that the patient is lacking protective 
sensation and there is a risk for foot ulceration depicted 
[Figure 2]. Limb ischemia, ulceration, callus, inflammation, 
infection, deformity, Charcot arthropathy, and gangrene can 

be identified by viewing patient foot carefully and using 
monofilament test.

Risk assessment using the vibration sensation

Vibration sensation must be performed with the unsupported 
great toe. It is tested bilaterally with the use of a 128 Hz 
tuning fork.[53-64] It is placed over the dorsum of the great toe 
on the bone projection of the joint. Patients were asked to 
report when they can no longer sense the vibration with their 
eyes closed. The clinical pharmacist examined the vibration 
on his/her distal forefinger first whether they can feel for 5 s 
or longer. If the vibration is felt over 10 s, then it is decreased. 
There can be a mock trial with the fork not vibrating for 
making sure the patients answer with any clue. The scores 
are given as 1 for present, 2 for reduced, and 3 for absent that 
is no vibration detected.

Survey instrument: The Michigan neuropathy 
screening instrument (MNSI)

The MNSI is used for identifying diabetic neuropathy in 
T2DM outpatients. The instrument has 15 questions stating 
“yes” or “no” sensation of pain in the foot, numbness, and 
sensitivity of temperature.[65-72] Of the score is 13 points 
which indicates more of the neuropathic symptoms. The 
questionnaire is designed as a self-administered questionnaire 
to find the self-history by the patient. Summations of all the 
responses are done to obtain the total score for each patient. 
One point was given to responses of “yes” to items 1-3, 5-6, 
8-9, 11-12, 14-15 and “no” response on items 7 and 13th item. 
Impaired circulation is measured as item number 4 and 
general asthenia is measured as 10.

RESULTS AND DISCUSSION

This cross-sectional study was designed to assess the 
neuropathy through MNSI, Monofilament and Vibration 
test using Tuning Fork and Hand-held Doppler for assessing 
the lower limb vascular disease as per NICE guideline. The 
neuropathy assessment was done for screening purpose only. 
All the test results were utilized for the individualization of 
patient education according to the corresponding results.

The Ankle Brachial Index was found to normal in 48% of 
patients, mild in 34% of patients, moderate in 12% of patients 
and incompressible in 6% of patients [Table 3].

Foot sensory using monofilament test was found to be 
normal in 49.64% of DFU patients, reduced in 43.80% and 
absent in 6.57% of DFU patients as represented [Figure 3]. 
Foot sensory using vibration test was found to be normal in 
53.54% of DFU patients, reduced in 39.37%, and absent in 
7.09% of DFU patients as represented [Table 4].

Table 1: Features of hand‑held doppler machine
S. No Features of hand-held doppler machine
1 Interchangeable Doppler Probes

2 Unidirectional Doppler

3 8MHz Standard Vascular Probe

4 Continuous Wave Doppler 

5 5 and 8MHz Vascular probes

6 Chargeable Battery Operation

7 ABI software to generate results

Table 2: Applications of hand‑held doppler machine
S. No Applications
1 Arterial and venous blood flow examination

2 Ankle brachial index

3 Carotid bifurcation

4 Penile artery study

Figure 2: Foot examination using monofilament
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The study called “The Asheville Project” which was initiated 
in the year 1997 in the city called Asheville, North Carolina. 
It provided education and personal advice to the employees 
of the city with chronic illness such as diabetes, asthma, 
hypertension, and dyslipidaemia.[73-85] The research provided 
intensive education with follow-up by the team of pharmacists. 
They were counselled for their medications and lifestyle 
changes. They were able to produce clinical and economical 
results by highlighting 50% of improvement clinically and 
significant reduction in total health care cost.[86-96]

Table 5 represents the neuropathy assessment by MNSI 
Instrument. 64% of patients found to have symptoms of 
neuropathy through the neuropathy assessment test whereas 
36% of patients did not have the symptoms of neuropathy. 
A study by Shahbazian on the risk assessment of DFU among 
269 DM patients in the year 2013 revealed that 63% were 
female and 37% were found to be male. 23% were found 
to have disturbed sense of vibration, 26% had decreased 
sensitivity by the monofilament test and 17% were reported 
to have decreased pain sensation. ABI was found to be 
abnormal in 6% of the total population.

The prior history of having ulcer was reported by 7% of the 
patients. In our study, the 64% of T2DM patients were found 
to have symptoms of neuropathy symptoms assessed through 
the neuropathy assessment test whereas 36% did not have the 
symptoms. Foot sensory using monofilament test was found 
to be normal in 49.64% of DFU patients, reduced in 43.80%, 
and absent in 6.57% of patients. Foot sensory using vibration 
test was found to be normal in 53.54% of DFU patients, 
reduced in 39.37% and absent in 7.09% patients. The ABI 
was found to be normal in 48% of patients, mild in 34% of 
patients, moderate in 12% of patients, and incompressible 
in 6% of patients. Figure 4 depicts the actual scenario of 
foot examination performed by clinical pharmacist among 

Table 3: Ankle Brachial Index Report by Hand‑held Doppler
Group (n=137) Ankle Brachial Index

Normal (%) Mild (%) Moderate (%) Severe (%) Incompressible (%)
Interventional group 66 (48) 47 (34) 16 (12) 0 8 (6)

Table 5: Assessment of Neuropathy by MNSI Instrument
Group (n=137) Neuropathy

Present Percentage (%) Absent Percentage (%)
Interventional group 88 64 49 36

Table 4: Assessment of Foot Sensory Through Vibration Test
Group (n=137) Foot Sensory

Normal (%) Reduced (%) Absent (%) 
Interventional group 68 (50) 60 (44) 9 (6)

Figure 4: Foot Examination performed by clinical pharmacist 
among diabetic patients Figure 3: Assessment of foot sensory by monofilament test
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diabetic patients in two selected study centers during the 
research study.

CONCLUSION

This study is the first successful initiative study by a clinical 
pharmacist. There are many studies done on KAP assessment, 
but none demonstrated the effectiveness of clinical pharmacist 
services in identifying the risk that diabetic patients develop 
into DFU. Identification and implementing preventive 
program are the best part any healthcare professional can 
do. Clinical Pharmacist intervened risk assessment through 
Hand-held Doppler, MNSI instrument, and Vibration test 
helped in screening the DFU patients for Neuropathy, and 
implementation of effective per patient-tailored education 
was found to be beneficial in the early identification of DFU 
and referral to specialty hospitals.
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