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Abstract. [Purpose] The current study aimed to investigate the reliability of infrared thermography as a method
of determining foot skin temperature, and to determine the relationship between foot skin temperature and blood
flow in type 2 diabetes mellitus (DM) patients. [Participants and Methods] Eighty-five patients were recruited and
their foot skin temperature and the ankle brachial index (ABI) were measured using infrared thermography and an
automated oscillometry, respectively. A correlation between foot skin temperature and blood flow was performed.
The patients were screened and classified according to two groups; diabetic peripheral neuropathy (DPN) and
non-DPN. Discriminant validity was determined by comparing the foot skin temperature between the two groups.
[Results] The test-retest reliability of foot skin temperature was high. A positive correlation was found between foot
skin temperature and ABI in both feet. The foot skin temperatures in the DPN group were found to be significant
lower when compared with those in the non-DPN group. [Conclusion] Foot skin temperature is an indirect method
of evaluating blood flow in the feet of diabetic patients and can be used as a clinical outcome measurement of treat-

ments used to improve blood flow in type 2 DM patients.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic disease and is a worldwide health problem currently. Lower limb ischaemia due to
endothelial dysfunction (vascular involvement) is a common complication in DM, Impaired blood circulation leads to the
loss of plantar cutaneous sensation, movement perception and body balance in DM patients?. Thus, a simplified assessment
of peripheral vascular condition in DM patients is required. The ankle brachial index (ABI) is a commonly used noninvasive
method of accessing vascular disease in DM patients®. However, it is expensive and impractical. By contrast, measuring skin
temperature in the feet of DM patients using infrared thermography is predictive of ulceration risk* . It is also a suitable
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tool with which to indirectly assess blow flow®. However, to the best of our knowledge, research has not been conducted to
evaluate the correlation between blow flow and skin temperature in the feet of DM patients. The infrared thermography is a
simple, fast, and inexpensive of non-invasive and indirect method for measuring the foot-skin blood flow. Thus, the current
study objectives were to determine the reliability of foot skin temperature in DM patients using infrared thermography, and
to establish whether or not there is a relationship between foot skin temperature and blood flow in type 2 DM patients.

PARTICIPANTS AND METHODS

The cross-sectional study of all eligible DM patients were identified and recruited from the diabetic outpatient clinic at
Sisaket Hospital, Sisaket Province, Thailand. The inclusion criteria were a diagnosis by an internal medicine doctor of type 2
DM and an age of 4075 years. Exclusion criteria were foot complications, including ulcers, infection, amputation, fever, in-
flammation (i.e., a plantar fasciitis), deep vein thrombosis, uncontrolled hypertension, neurological weakness, numbness and
lumbar spinal stenosis. This study was approved by the Ethics Committee of Khon Kaen University, Khon Kaen, Thailand,
with the protocol number of HE 592015/2016. Each participant signed a consent form to participate prior to data collection.

A sample size was calculated with the lowest of the range of confidence interval (CI) for the Pearson’s correlation coef-
ficient (r) of 0.30. Therefore, a sample size of 85 participants was estimated which based on a pilot study for 30 participants
who had type 2 DM. One hundred and eight participants were approached and randomly selected by using simple random
sampling. Eighty five of these met the inclusion criteria. The demographic characteristics of the participants were recorded
after screening them for diabetic peripheral neuropathy (DPN) from medical doctor and using the Thai version of the Michi-
gan Neuropathy Screening Instrument (MNSI)”). Accordingly, the participants were categorized into DPN (n=39, age=60.9 =
7.4 yr; height=155.4 + 8.1 cm; body mass=62.9 + 11.1 kg; BMI=26.1 + 4.3 kg/m2, mean + SD) and non-DPN groups (n=46,
age=58.3 £ 9.1 yr; height=158.4 + 9.2 cm; body mass=63.5 + 14.0 kg; BMI=25.2 + 4.7 kg/m2; mean + SD). The diagnostic
criteria of DPN was used in the physical assessment section of the MNSI that the cut-off point was set for a score of >2.5 ®).
The attributes and complications of diabetic patients are shown in Table 1. The duration of diabetic patients was for longer
than 5 years. About 3% of all diabetic patients reported ever having the foot ulcer for more than 6 months but no ulcer at
the experiment period. Most demographic data were similar for the two groups, including habits of smoking and drinking
alcohol. Patients with DPN were found to have higher blood sugar and haemoglobulin Alc levels.

Outcome measurements were including of plantar foot surface temperature and the ankle brachial index (ABI). Plantar
foot surface temperatures were taken using infrared thermography (Ti10 Fluke Thermal Imaging Camera; Fluke Corporation,
WA, USA). Picture-in-picture technology isolates the problem areas within a user-defined temperature range, and features
320 x 240 pixels with an infrared spectral band of 7.5-14.0 um. The participants were placed in a supine position on the
examining table with their feet placed on a pillow to keep their knees in a neutral position in a quiet room in a thermoneutral
environment of 25 °C with an average humidity of 38%rh. Prior to taking the measurements, the feet of the participants were
cleaned with a dry towel. Either foot was randomly selected for the first measurement. An infrared thermographic image
was captured at a distance of 80 cm from the foot. The images were taken thrice of six specific areas of each foot within five
minutes. The mean values of each area were used for further analysis.

Peripheral vascular condition was measured by the ankle brachial index (ABI) using an automated oscillometry (Omron
VP-1000 Vascular Profiler; Omron Healthcare Co., Ltd., Kyoto, Japan). ABI is a noninvasive technique that is commonly
used to detect the peripheral vascular diseases. The details of the methodology and reproducibility of the measurements have
been described elsewhere”). The participants were placed in a supine position on the examining table. Four blood pressure
cuffs with size 20-32 cm bladders were applied to their arms and ankles. A single ABI measurement was taken immediately
after taking the skin temperature measurement in the feet in all participants, according to hospital policy. The ratio between
systolic blood pressure in the brachial artery in each arm and that in the dorsalis pedis and posterior tibial artery in the ankle
was calculated for further analysis.

The demographic data of participants are presented as mean + standard deviation (SD) and number (percentage). The
Shapiro-Wilks test was performed to determine the normality of the data. Reproducibility of measurement of the foot skin
temperatures was evaluated using intra-class correlation coefficient (ICC). ICC (1,3) values of 3 successive measurements
using model of a two way random effects analysis of variance with a 95% confidence interval (CI) was used to examine the
test-retest reliability of the foot skin temperatures, determined by infrared thermography. To perform the construct validity,
Pearson’s correlation coefficient () and 95% CI were used to explore a correlation between foot skin temperature and ABI.
For the correlation analysis, the foot skin temperature obtained was regarded as the average for the entire foot area. The
independent t-test and the effect size (Cohen’s d) were used to compare foot skin temperature in DPN and non-DPN. The
level of significance was set at p<0.05.

RESULTS

The test-retest reliability of foot skin temperature using infrared thermography was high for all the six plantar foot surfaces
measured in both feet (ICC >0.90, p<0.001). The ICC average foot skin temperature value obtained for the entire area was
1.00 (95% CI: 0.99-1.00, p<0.001) for the right foot and 0.97 (95% CI: 0.96-0.98, p<0.001) for the left foot.
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Table 1. The clinical characteristics of non-diabetic peripheral neuropathy (Non DPN, n=46) and diabetic peripheral
neuropathy (DPN, n=69) patients

Non-DPN DPN Total
Duration of DM (years) 7.46 +5.49 13.15 £ 4.54* 10.07 +5.08
Comorbidities , n (%) None 23 (50.00) 8(20.51) 31 (36.47)
Hypertension 19 (41.30) 28 (71.79) 47 (55.29)
Heart disease 1(2.17) 1(2.56) 2 (2.35)
Renal disorder 3(6.52) 2 (5.13) 5(5.88)
Blood sugar (mg/dl) 142.93 + 30.55 191.62 £ 65.57* 165.27 + 55.14
Haemoglobulin A, (mg/dl) 6.98 £ 1.19 8.81 £ 1.65* 7.82 +1.68
Cholesterol (mg/dl) 170.30 + 49.68 207.10 & 74.18* 187.19 + 64.44
Ever having foot ulcer (%) 2 (4.34) 1(2.56) 3(3.53)
MNSI Subjective aspect (13 scores) 1.52+1.39 3.05 + 1.96* 2.22+1.83
Objective aspect (10 scores) 1.27+0.75 4.06 = 1.14* 2.55+1.69

Data are shown as mean + SD. DM: diabetes mellitus; MNSI: Michigan Neuropathy Screening Instrument.
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Fig. 1. Correlation between plantar foot temperature and the Ankle Brachial Index in the left and right feet of patients
(n=85) using Pearson’s correlation coefficient (r).

The average foot skin temperature for the entire plantar surface for the right and left feet was 31.30 £ 2.00°C and 31.21
+ 2.19°C, respectively, with corresponding ABI values of 1.10 = 0.14 and 1.09 £ 0.16. A statistically significant difference
was not found between the right and left foot (p>0.05) with respect to foot skin temperature and ABI values. Individual ABI
values were between 0.99 and 1.17 in both legs and the right foot, and were considered to be normal (ABI=1.00-1.40)!9).

As shown in Fig. 1, a positive correlation was established between the average foot skin temperature for the entire foot
and the ABI. A value of r=0.58 was obtained for the right foot (95% CI: 0.42—0.71, p<0.001) and that of 7=0.57 for the left
foot (95% CI: 0.41-0.71, p<0.001).

The foot skin temperatures and ABI values obtained for DM in the non-DPN and DPN groups are shown in Table 2. The
foot skin temperature values obtained for the DPN were lower than those reported for the non-DPN (p<0.05). In addition, the
ABI values showed for both feet in the DPN participants were lower than those obtained for both feet in the non-DPN group
(p<0.05). Moreover, when presented according to Cohen’s d effect size, the foot skin temperatures and ABI values for the
DPN were lower than those taken for the non-DPN (a large effect size of >0.80).

DISCUSSION

This study was the first to explore a correlation between foot skin temperature and blood flow in type 2 DM patients.
Excellent reliability was demonstrated following the determination of foot skin temperatures measured by infrared thermog-
raphy. The foot skin temperature measurements were also shown to positively correlate with blood flow evaluated using the
ABI measured by an automated oscillometry. Foot skin temperatures were significantly lower in DM patients with DPN than
in those with non-DPN, suggestive that measuring foot skin temperature is an indirect method that could be used to evaluate
the risk of diabetic foot in DM patients.

The excellent reliability of foot skin temperatures obtained using infrared thermography in DM patients in the current
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Table 2. A comparison of skin temperatures in the feet and the Ankle Brachial Index obtained in non-diabetic
peripheral neuropathy (Non DPN, n=46) and diabetic peripheral neuropathy (DPN, n=39) patients

Measures Non DPN DPN Differences 95% CI Effect size

ST (°C) Hallux R 3233+ 1.79 30.12£2.26 2.21% 1.33-3.08 111
L 32.56 +1.77 29.38 £2.55 3.18* 2.25-4.12 1.49

Lessertoes R 31.93+1.97 29.43 +£2.57 2.50%* 1.52-3.48 1.12

L 32.11 +1.78 28.92+2.43 3.19* 2.28-4.10 1.54

MMH R 32.25+1.51 30.53 £ 1.71 1.72%* 1.03-2.42 1.08

L 32.54+1.54 30.08 + 1.93 2.46* 1.71-3.21 1.44

LMH R 31.95 +1.57 30.33 +1.77 1.62* 0.90-2.34 0.98

L 32.14 +£1.62 29.73 +1.94 2.41* 1.64-3.18 1.38

Midfoot R 32.50 £ 1.27 31.06 + 1.41 1.44* 0.86-2.02 1.09

L 3275+ 1.35 30.55+1.63 2.20% 1.56-2.84 1.50

Rearfoot R 32.29 +1.38 30.65+1.78 1.64* 0.96-2.32 1.05

L 3249 +1.52 30.02 + 1.84 2.47* 1.74-3.19 1.49

Ave R 32.21+1.54 30.34 £ 1.85 1.87* 1.15-2.60 1.12

L 3243 +1.55 29.78 + 1.96 2.65% 1.89-3.41 1.53

ABI R 1.16 £ 0.11 1.02 £0.14 0.14%* 0.09-0.20 1.14
L 1.17 +£0.12 0.99 +0.15 0.18%* 0.12-0.24 1.35

CI: confidence interval;, ST: skin temperature; ABI: ankle brachial index; MMH: medical metatarsal head;
LMH: lateral metatarsal head; Ave: average of 6 foot areas; R: right foot; L: left foot, *p<0.05, **p<0.0001.

study is in line with the findings of another study in this regard'!. The range of foot skin temperatures in the present study was
from 27-35°C, similar to that reported elsewhere* '2). Foot skin temperatures were found to have a positive correlation with
blood flow evaluated by ABI in the current study, in support of a similar association reported in other research between hand
skin temperature and blood flow in healthy participamts®. Accordingly, skin temperatures taken in the feet of DM patients
could reflect blood flow status in the lower limbs, probably due to a reduction in blood flow which leads to vasoconstriction
of the peripheral blood vessels, causing a decrease in skin temperature.

In the current study, the DPN patients showed lower temperature about 1.5-3.0°C than the non-DPN with the large effect
size (>0.8) and considered to be the clinical significant with the value of the difference greater than 2.2°C!%). Similar results
were shown in another study in which a comparison was made of DPN and non-DPN patients!). The skin temperature of
diabetic patients was also demonstrated to be lower than that of healthy participants in the previous study'#. Enduring lower
skin temperatures in DM patients are associated with vascular insufficiency!®). Vasodilation in DPN patients is also usually
impaired, leading to deficiencies in microcirculation. By contrast, the skin temperature of DPN patients was found to be
higher than that of non-DPN patients in another study®. A chronic increase in skin temperature in the feet of diabetic patients
with peripheral neuropathy may be due to an increase in arteriovenous shunt flow!®), while an acute increase in foot skin
temperature is a predisposing sign of pre-ulcer inflammation!3 7).

There were limitations to the current study. Only DM patients were selected and a comparison was not made of DM
patients and healthy participants. However, the DM patients were classified into DPN and non-DPN groups, and significant
differences were found between them, with a large effect size. In addition, confounding factors, such as the levels of diabetes
foot problems and daily physical activity were not taken into consideration. Thus, further studies are warranted to confirm an
association between foot skin temperature in the severely affected feet of diabetic patients or blood circulation impairment.
Despite its limitations, the current study findings have advanced an understanding of the relationship between foot skin
temperature and blood flow in type 2 DM patients.

In conclusion, foot skin temperature, measured by infrared thermography, was found to correlate positively with blood
flow determined by the ABI measured by an automated oscillometry in type 2 DM patients. This suggests that foot skin
temperatures measured by infrared thermography could be a useful method to use when evaluating the risk of diabetic foot
in the clinical setting.
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