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Abstract: Background: Previous studies have suggested that neuropathy is linked to changes in
temperature in the soles of diabetic patients and rats. However, primary care in Mexico is limited.
This study explores whether thermography can detect temperature changes in areas with sensitivity
alterations (assessed using monofilament testing).Objectives: This study aims to compare the
temperature of the soles of diabetic patients with tactile sensitivity alterations against those without
such alterations. Additionally, we compared the temperature between non-sensitive and sensitive
sites on the feet and finally found a regression model. Methods: A case-control study was conducted
involving 116 feet with sensitivity alterations and 116 feet without alterations by the Semmes-
Weinstein monofilament (SWM). We performed a comparative cross-sectional analysis of sensitive
and non-sensitive sites' temperatures and a logistic regression. Sensitivity was evaluated using the
SWM at nine sites. Sensitivity alteration was defined as the inability to detect all tested sites on the
sole with SWM. Additionally, pallesthesia was assessed using a 128 Hz tuning fork. The temperature
of the soles was measured using a FLIR model T865 thermal imaging camera, capturing minimum,
maximum, and mean temperatures in degrees Celsius (°C) across the same nine sites assessed for
sensitivity. Results: No significant differences were observed in temperature between cases and
controls or between sensitive and non-sensitive sites in patients with diabetes. Logistic regression
resulted in a model that included only creatinine. However, the temperature was not associated with
the model. Conclusions: The study found no association between sensitivity alterations and
temperature in the sole in patients with type 2 diabetes, as determined through SWM testing.
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1. Introduction

In primary care in Mexico, time is short. As in other countries, the estimated time per patient
ranges from 48 seconds to 22.5 minutes, and 50% of countries have an average consultation time of 5
minutes or less [1]. This forces us to optimize time. In addition to the lack of access to other diagnostic
studies, which are considered gold standards, clinicians must use the tools available quickly.Chronic
diseases and their complications are among the most frequent reasons for consultation in family
medicine, such as diabetes and neuropathy. Diabetic neuropathy (DPN) can be assessed in multiple
ways through symptoms (like pain or insensibility), vibration perception with a tuning fork, Achilles
reflex, monofilament, skin biopsy, electromyography, or a combination of these, such as the Toronto
criteria [2] or the Michigan inventory [3]; the latter are either very extensive or inaccessible in primary
care. However, the Semmes-Weinstein 5.07 (10 g) monofilament (SWM) test is a simple examination
technique, low cost, used in clinical practice for the evaluation of pressure sensitivity, and tactile that
allows early detection of patients with loss of “protective sensitivity” as a component of neuropathies
and with a greater risk of suffering injuries and/or amputation of lower limbs, regardless of the
vascular situation and the evolution time of diabetes [4]. Although its sensitivity is low, in primary
care, it is sometimes the only diagnostic method available for neuropathy in diabetics. In previous
studies, neuropathy was associated with changes in the sole temperature of diabetic patients [5] and
rats [6]. As reported by Bagavathiappan et al. (2010), who found a higher average temperature in the
feet of diabetic patients with neuropathy compared to diabetics without neuropathy [7]. Likewise,
Zhou et al. (2020) reported that epidermal temperature corresponding to the plantar blood vessels of
patients with mild DPN is greater than that of healthy controls (p<0.001), except for the posterior
tibial artery [8]. On the other hand, Astasio-Picado et al. (2019) found a lower temperature in the head
of the first metatarsal, the head of the fifth metatarsal, the heel, and both pads of the first toes, in
patients who had neuropathy, vasculopathy, or neurovasculopathy compared to patients without
these diseases [9]. However, we wondered if any decrease in sensation in the sole could show
temperature changes, using only SWM.

2. Materials and Methods

Subjects: This study involved cases (116 feet) and controls (116 feet) of patients with type 2
diabetes mellitus, resulting in a total of 232 feet analyzed. The cases were defined as patients who
could not feel all the evaluated points using the SWM. The control group was matched based on age
range (within 5 years) and glycosylated hemoglobin levels, categorized as either controlled (<7%) or
uncontrolled (>7%), and did not have alteration in pallesthesia. Exclusion criteria included patients
with neurological disorders (such as degenerative lumbar spine disease, deformities, or a history of
neural tube defects) that could affect sensitivity. Patients whose relevant information was not
adequately captured in the variables of interest were also excluded. Participants were recruited from
a family medical unit at the Mexican Social Security Institute (primary care) in Jalisco, Mexico. They
were informed about the purpose of the study and provided written informed consent. The study
protocol received approval from the ethics committee (COPEPRIS 17 CI 14 039 030) and was
registered with CONBIOETICA 15201122, approved on December 1, 2022, by the local health research
committee 1305. The principles of the Helsinki Declaration were upheld throughout the study.

Sensitivity was evaluated in the supine position using a SWM at nine specific sites: 1. First finger,
2. Third finger, 3. Fifth finger, 4. First metatarsal, 5. Third metatarsal, 6. Fifth metatarsal, 7. The
internal part of the arch, 8. The external part of the arch, and 9. Heel (Image 1). Patients were
instructed to respond “yes” each time they felt the application of the monofilament. If they did not
respond to contact in a specific area of the foot, the evaluation continued to the next site. After
completing the initial sequence, the areas where the patient did not indicate feeling contact with the
monofilament were retested. If the patient could feel it during this retesting, that point was recorded
as sensitive. Additionally, pallesthesia (sensitivity to vibration) was assessed using a 128 Hz tuning
fork placed on the following areas: 1. Head of the first metatarsal, 2. Lateral malleolus, and 3. Medial
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malleolus. Patients were asked whether they felt the vibration at each site. An alteration in
pallesthesia is considered present if the patient reports feeling vibrations only in one or two of the
three evaluated areas.

The temperatures of nine sites evaluated for sensitivity were recorded, capturing the minimum,
maximum, and mean temperatures for each site. The conditions and tools used to obtain these
measurements are detailed as follows. Temperature assessments were conducted on the soles of the
participants' feet using a FLIR thermal imaging camera (model T865), with a resolution of 640 x 480
pixels and an accuracy of + 1°C. The measurements occurred in a room maintained at 21 degrees
Celsius, with humidity monitored using a hygrometer. The emissivity setting for human skin was set
at 0.98. Participants were instructed not to apply any products that could affect their skin
temperature, such as creams, antiperspirants, or powders. All patients were evaluated in a supine
position after undergoing a 15-minute acclimatization period with their feet uncovered. The camera
was positioned 80 cm above the participants' feet. The analysis was performed using the FLIR thermal
imaging software.

Additional variables were also considered in the evaluation, including age, gender, duration of
diabetes mellitus, smoking index (number of cigarettes smoked per day) * (number of years of
smoking)/20. Smoking risk was classified as follows: <10 null, 10-20 moderate, 21-40 intense, >41
high, comorbidities: hypertension, obesity (based on body mass index), kidney disease, biochemical:
fasting glucose levels, glycated hemoglobin, creatinine, uric acid, lipid profiles (cholesterol,
triglycerides, LDL, and HDL), blood counts, and the presence of ulcers, pain, or discomfort in the
lower extremities.

The statistical analyses conducted were as follows: We compared the temperatures at nine
evaluated sites between cases and controls to determine if there were any temperature differences.
This analysis was performed using the student’s t-test for independent samples, utilizing the SPSS
Version 29 statistical package. Additionally, we conducted a comparative cross-sectional study to
analyze the temperatures of non-sensitive areas against the temperatures of sensitive areas. Finally,
a forward conditioned logistic regression was performed to find a model.

Image 1. Exploration with SWM and temperature. First finger, 2.
Third finger, 3. Fifth finger, 4. First metatarsal, 5. Third metatarsal,
6. Fifth metatarsal, 7. The internal part of the arch, 8. The external
part of the arch, and 9. Heel.

3. Results

A total of 232 feet of patients with diabetes mellitus were analyzed, with a mean age of 67 years
(+ 10 years; range: 35 to 84 years). Among the participants, 54.3% (63 individuals) were women. The
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average duration of diabetes mellitus was 11 years and 6 months (+ 8 years; range: 3 months to 38
years). The most common comorbidities included hypertension (79.3%, 92 patients), obesity (43.1%,
50 patients), overweight (37.1%, 43 patients), and smoking (37.9%, 44 patients). Of the patients
smoking, 24.1% (28 individuals) were classified as low risk, 7.8% (9 individuals) as moderate risk,
and 6.0% (7 individuals) as high risk. According to KDIGO classification, renal function was
categorized as follows: G3a (13.8%, 16 patients), G3b (12.1%, 14 patients), and G4 (1.7%, 2 patients).
No patients were in stage G5. Alterations in pallesthesia were noticed in 34.5% (20 patients) of the
cases, while none of the control patients exhibited this alteration. Regarding pain perception, 77.6%
(45 patients) of those with altered sensitivity reported pain, compared to 39.7% (23 patients) in the
control group. Neither cases nor controls reported the presence of plantar ulcers. Table 1 displays the
means and standard deviations of the variables in both participant groups. In patients with altered
sensitivity, hematocrit levels were lower, creatinine levels were higher, and the glomerular filtration
rate was lower. It is important to note that the average filtration rate was greater than 60 ml/min in
both groups.

Table 1. Intervening variables in cases and controls.

Control Cases
Mean Standard deviation Mean  Standard deviation p

Body Mass Index 29.40 4.66 29.81 5.85 0.68
Systolic blood pressure (mm/Hg) 139.20 22.00 14559  22.87 0.14

Diastolic blood pressure (mm/Hg) 80.52 8.24 82.70 9.97 0.22
Leukocytes (miles/uL) 6.65 1.50 6.88 1.43 0.41
Neutrophils (%) 66.00 6.52 66.39 7.88 0.77
Hemoglobin (g/dL) 13.75 1.43 13.30 1.62 0.11
Hematocrit (%) 42.12 6.98 39.82 4.34 0.04*
Platelets (miles/uL) 214.83 73.82 20521  63.24 0.45
Glucose (mg/dL) 131.14 65.95 13471  91.92 0.81
Creatinine (mg/dL) 091 0.19 117 0.40 <0.05*
Uric acid (mg/dL) 4.13 1.33 4.64 1.50 0.06
Glomerular filtration rate (mL/min/1.73) 81.22 14.31 66.22 22.96 <0.05*
Total cholesterol (mg/dL) 165.32 46.69 17042  48.08 0.56
Triglycerides (mg/dL) 158.65 80.91 210.69  343.11 0.27
Cholesterol HDL (mg/dL) 40.87 12.88 40.93 9.31 0.98
Cholesterol LDL (mg/dL) 9271 39.99 94.71 35.34 0.78
Cholesterol VLDL (mg/dL) 31.73 16.18 31.09 16.92 0.84
Glycated hemoglobin Alc (%) 7.86 1.75 8.07 2.01 0.55
Estimated average glucose (mg/dL) 178.96 50.07 184.98  57.55 0.55

In the first analysis, the temperature of 116 feet with sensitivity alteration (feet that fell at eight
or fewer of the nine analyzed sites) was compared to the temperature of 116 feet without disturbances
(felt in all nine analyzed sites). We did not find any statistically significant differences (Table 2).

In the second analysis, when comparing the temperature of the sites that were not sensitive vs.
the temperature of the same site in feet that were sensitive, no statistically significant differences were
found either (Table 3). In addition, to find difference between temperature in feet with less sensitivity
we performed a subgroup with 35 cases (who could only perceive 6 or fewer sites) vs. 35 controls,
matched in the same way, age, and glycosylated hemoglobin values; however, the results of both
analyses were similar, and there was no significant difference.

Table 2. Temperatures recorded in cases vs controls, at nine sites on the sole.

Controls (n=116)/

Analyzed sites Cases (n=116)

Measured temperature ~ Mean (C°)  Standard deviation 4

0 26.93 3.04
1 Max1 2691 3.06 0.98
o 0 . 25.18 295
1. First finger 1 Minl 25.14 267 0.95
0 26.03 3.08
1 Meanl 26.14 298 085

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.0945.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 June 2025 d0i:10.20944/preprints202506.0945.v1

5 of 9
2 ol
2. Third finger (1) Min2 ;i;? ;gz 0.86
? i ws 2 050
2 -
3. Fifth finger (l) Min3 iigg ;i; 0.58
i e ne o 073
‘; e
4. First metatarsus (l) Min4 igi? ;gg 0.91
‘f e w25 095
2 -
5. Third metatarsus (l) Min5 iggz ig(l) 0.75
i Mesr5 v am 073
2 -
6. Fifth metatarsus (l) Miné ;2;8 igi 0.83
i M SR o0
2 -
7. The internal part of the arch (l) Min7 ;;gi iig 0.33
i M wis 2w 025
2 rn I
8. The external part of the arch (1) Min8 ;ZZZ ;z 0.75
? e S 038
2 xe o
- 0 o B0 an o7
i e w2 03

0: Controls, 1:Cases, Max: Maximum, Min: Minimum.

Table 3. Temperature was recorded in the sensitive site vs the non-sensitive area in nine areas on the sole

assessed by monofilament.

Analyzed areas Sample size Measured temperature  Temperature Mean (C°)  Standard deviation  p

1. First finger S 88 Max1 26.98 2.79 0.74
NS 28 26.72 3.76
S 88 Minl 25.15 2.62 0.96
NS 28 25.18 3.35
S 88 Mean1 26.10 2.82 0.93
NS 28 26.04 3.62

2. Third finger. S 90 Max2 26.06 2.55 0.45
NS 26 26.63 3.57
S 90 Min2 24.64 2.38 0.37

r(s). Distributed under a Creative Commons CC BY license.
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NS 26 25.14 2.89
S 90 Mean2 25.36 2.56 0.34
NS 26 26.08 3.54

3. Fifth finger. S 89 Max3 26.81 2.53 0.82
NS 26 27.00 3.78
S 89 Min3 24.66 2.16 0.68
NS 26 2493 3.20
S 89 Mean3 25.77 2.45 0.69
NS 26 26.08 3.55

4. First metatarsus. S 94 Max4 27.57 248 0.95
NS 22 27.61 3.22
S 94 Min4 26.44 2.46 0.96
NS 22 26.41 3.16
8 94 Mean4 27.00 2.46 0.96
NS 22 27.04 3.23

5. Third metatarsus. S 91 Max5 27.79 2.42 0.75
NS 25 27.98 3.09
S 91 Min5 26.61 2.35 0.75
NS 25 26.78 3.03
S 91 Mean5 27.21 2.38 0.76
NS 25 27.39 3.02

6. Fifth metatarsus. S 94 Max6 27.58 2.28 0.89
NS 22 27.68 3.27
S 94 Min6 26.24 227 0.98
NS 22 26.26 3.04
S 94 Mean6 26.95 2.25 0.95
NS 22 27.00 3.12

7. The internal part of the arch. | S 104 Max7 28.87 1.96 1.00
NS 12 28.87 3.45
S 104 Min7 27.48 2.01 0.76
NS 12 27.15 3.51
S 104 Mean7 28.41 1.97 0.95
NS 12 28.38 3.50

8. The external part of the arch. | S 99 Max8 27.87 2.10 0.69
NS 17 27.64 2.61
S 99 Min8 26.51 2.08 0.93
NS 17 26.46 2.62
S 99 Mean8 27.17 2.07 0.82
NS 17 27.05 2.58

9. Heel. S 96 Max9 26.92 2.24 0.99
NS 20 26.91 2.83
S 96 Min9 25.62 2.01 0.98
NS 20 25.61 2.40
S 96 Mean9 26.33 2.18 0.96
NS 20 26.30 2.66

S: Sensitive site, NS: No sensitive site. Max: Maximum, Min: Minimum.

r(s). Distributed under a Creative Commons CC BY license.
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Logistic regression resulted in a model of sensitivity alterations that included only creatinine.
The significance of the model was p<0.001, Cox and Snell R square 0.151, Nagelkerke R square 0.201.
Creatinine showed a positive B value, which is interpreted as a directly proportional relationship,
and the odds ratio was 19.371; therefore, a patient with sensitivity alterations has a 19 times greater
risk of presenting higher creatinine levels. However, temperature had no association in this model.
In Table 4, the values of the model are shown.

Table 4. Logistic regression model of sensitivity alterations using SWM and creatinine.

B Error estandar ~ Wald gl Sig. Odds Ratio
Creatinine mg/dl 2.964 821 13.031 1 .000 19.371
Constante -3.006 .830 13.120 1 .000 .049

4. Discussion

Diabetic neuropathy is the most common symptomatic complication in patients with diabetes
mellitus (DM), as well as the leading cause of injuries and amputations. This condition affects the
sensory, motor, and autonomic fibers of the peripheral nervous system distally [10]. This can result
in pain in 7.5% to 24% of patients, according to the report by Russell and Zilliox (2014) [11]. However,
a higher frequency was observed in our population, ranging from 39.7% in controls to 77.6% in cases,
However, there could be other underlying causes that explain the pain in both cases and controls,
such as venous insufficiency and joint disorders. Another manifestation of diabetic neuropathy is
altered pallesthesia, which occurred at a frequency of 34.5% in our study group. This is associated
with a high risk of ulceration, as shown by the results of Boulton et al. (1986), who reported an Odds
ratio of 10.7 (p=0.001) for developing ulcers in patients with pallesthesia disorders [12]. It should be
noted that no ulcerations were currently observed in our study group. The high frequency of pain
and pallesthesia in our patients could be explained by glycated hemoglobin high levels or poor
metabolic control, since both cases and controls showed glycated hemoglobin greater than 7%. Poor
metabolic control, assessed by continuously monitored high glucose levels (Glucose Risk Index), has
already been identified as a cause of neuropathy manifestations [13]. Similarly, the regression model
of our study showed an association between altered sensitivity with increased creatinine. This
variable has already shown its impact as a risk factor in another regression model reported in diabetic
patients from Taiwan [14]. Finally, we found no association between alterations in sensitivity
measured by SWM and temperature; however, this lack of association could be due to the variability
in sensitivity (0.53—-0.93) and specificity (0.64-1.0) of monofilament scanning for detecting neuropathy
[15]. Furthermore, most publications that demonstrated an association between diabetic neuropathy
and thermography used combinations of methods to determine diabetic neuropathy, not just SWM.
This is a weakness of the study, although it also provides concrete information supporting the
possibility that this method may not be sufficient to determine diabetic neuropathy. Furthermore, the
thermographic cameras and the standardization of image acquisition vary across studies, making it
difficult to compare one study with another [7,8]. Future perspectives: Future studies could use other
methods to assess neuropathy, providing greater sensitivity and specificity, larger sample sizes, and
the possible homogenization of thermographic imaging. However, in primary care, the monofilament
test remains useful and is sometimes the only one available, so its use should not be discouraged.

Conclusion: Alteration in sensitivity assessed with SWM did not reveal an association with
temperature in the soles of the feet of diabetic patients. The regression model showed an association
between increased creatinine in diabetic patients with neuropathy assessed with a monofilament.

Funding: The author(s) received financial support for the research from Foundation IMSS. For Priority Topics,
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