
Feasibility and Efficacy of a Smart

Mat Technology to Predict

Development of Diabetic Plantar

Ulcers
Diabetes Care 2017;40:973–980 | https://doi.org/10.2337/dc16-2294

OBJECTIVE

We conducted a multicenter evaluation of a novel remote foot-temperature mon-

itoring system to characterize its accuracy for predicting impending diabetic foot

ulcers (DFU) in a cohort of patients with diabetes with previously healed DFU.

RESEARCH DESIGN AND METHODS

We enrolled 132 participants with diabetes and prior DFU in this 34-week cohort

study to evaluate a remote foot-temperature monitoring system (ClinicalTrials.gov

Identifier NCT02647346). The study device was a wireless daily-use thermometric

foot mat to assess plantar temperature asymmetries. The primary outcome of in-

terest was development of nonacute plantar DFU, and the primary efficacy analysis

was the accuracy of the study device for predicting the occurrence of DFU over

several temperature asymmetry thresholds.

RESULTS

Of the 129 participants who contributed evaluable data to the study, a total of

37 (28.7%) presented with 53 DFU (0.62 DFU/participant/year). At an asymmetry

of 2.22°C, the standard threshold used in previous studies, the system correctly

identified 97% of observed DFU, with an average lead time of 37 days and a false-

positive rate of 57%. Increasing the temperature threshold to 3.20°C decreased

sensitivity to 70% but similarly reduced the false-positive rate to 32% with approx-

imately the same lead time of 35 days. Approximately 86% of the cohort used the

system at least 3 days a week on average over the study.

CONCLUSIONS

Given the encouraging study results and the significant burden of DFU, use of this mat

may result in significant reductions in morbidity, mortality, and resource utilization.

Diabetic foot ulcers (DFU) are a common, limb-threatening, and expensive complica-

tion of diabetes (1,2). Of the;30million patients with diabetes in the U.S., 1.7 million

suffer one ormoreDFUannually (3). Conservative estimates ofDFU-relateddirect costs

in theU.S. exceed$17billion (2,4). Thosewhohave recently healed fromaDFUepisode

are especially likely to suffer reulceration (1,5–9). A principal goal of care for these

patients is to maintain the integrity of the newly formed epithelium and allow the

underlying tissue to complete remodeling.

Unfortunately, caring for the patient in remission following a DFU episode has

proven challenging under standard practice. Numerous prospective studies have
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explored how ulcer-free survival is im-

pacted not only by underlying comorbid-

ities, but also by the duration since the

patient most recently healed from a

DFUepisode (1,5–9). These investigations

suggest that between 30 and 40% of pa-

tients experience a recurrent DFU in the

year after healing. Contrast this with the

baseline incidence among all patients

with diabetes, which has been measured

between 3.6 and 5.8% (10,11). Thus, a

better approach focused on predicting

DFU to enable targeted preventative

therapies during this critical period may

significantly improve patient outcomes

and reduce DFU-related costs (12).

Skin-temperature monitoring first

emerged in the 1970s as a potentially use-

ful tool for identifying patients at risk for

ulceration (13,14). For those wounds that

are not because of acute injury, the hy-

pothesized mechanism is believed to be

repetitive microtrauma leading to local-

ized enzymatic autolysis of tissue and in-

flammation. The temperature-monitoring

approach best supported in the literature

(15–18) uses plantar foot temperature

asymmetry between a pair of feet to

identify patients with elevated risk. This

practice is referred to in this study as

“asymmetry analysis.”

Asymmetry analysis coupled with early

offloading of foot pressure has been

shown to reduce DFU incidence by

;70% across three randomized con-

trolled trials (15–17). An independent

systematic review and meta-analysis de-

termined the summary odds ratio (OR) of

the three trials to be 3.84 (95% CI 1.50–

6.17) (18). The threshold most commonly

used for starting preventative therapyhas

been 2.22°C (4°F) over at least 2 consecu-

tive days, although no studies have been

published to derive or optimize this

threshold.

Despite evidence from multiple ran-

domized controlled trials and inclusion

in three clinical practice guidelines

(19–21), temperature monitoring re-

mains uncommon in practice. This may

be because of challenges with previous

temperature-monitoring technologies,

including onerous patient workflow and

poor usability.

A telemedicine foot mat has been de-

veloped to encourage adoption of daily

foot-temperature monitoring in accor-

dance with existing practice guidelines.

We therefore undertook this investigation

with the following objectives: 1) evaluate

the effectiveness of the foot mat as an

early predictor of recurrent plantar

DFU in high-risk patients, 2) determine

participant adherence to daily use of

the mat over time, and 3) understand

user perceptions of the mat and ease

of use.

RESEARCH DESIGN AND METHODS

We conducted a prospective, multicen-

ter, cohort study to evaluate a novel re-

mote foot-temperature monitoring

system (ClinicalTrials.gov Identifier

NCT02647346). The study device is a

wireless thermometric foot mat. We en-

rolled 132 diabetic participants, eachwith

history of healed DFUprior to enrollment,

across seven outpatient sites in the U.S.

representing varied care environments.

The study was approved by the New Eng-

land Institutional Review Board and local

review boards for VA Phoenix (Phoenix,

AZ), VA Long Beach (Long Beach, CA),

VA Miami (Miami, FL), and Greenville

Health System (Greenville, SC). The

follow-up period for each participant

was 34 weeks from the time of enroll-

ment. The primary outcome end point

was occurrence of nontraumatic plantar

DFU. The primary efficacy analysis was

based on the accuracy of the study device

for predicting the occurrence of nontrau-

matic plantar DFU prior to clinical presen-

tation. Secondary outcomes included

participant adherence to the daily use of

the mat, device-related trips or falls, and

device-related injury.

Study Population

Inclusion criteria consisted of a diagnosis

of diabetes documented in the medical

record (type 1 or 2), age .18 years, and

history of a healed prior plantar DFU.

Exclusion criteria included an ankle-

brachial index documented in the med-

ical record #0.5, history of major lower

extremity amputation (i.e., above ankle),

open plantar wound (including DFU), ac-

tive Charcot foot disease, end-stage renal

disease, active malignancy, immunosup-

pressive disease, cognitive deficit pre-

venting adequate participation, or any

other issue that, at the discretion of the

investigator, rendered the participant in-

eligible for participation.

Data Collection

Enrolled participants underwent a de-

tailed history and physical at the be-

ginning of participation. Participants

received the study device, were trained

in its proper use and function, and

completed a baseline foot scan. Partic-

ipants were instructed to place the device

in a convenient location within the home

and to stand on it for 20 s daily. Partici-

pants returned devices to the enrolling

site upon completion of or withdrawal

from the study, at which time each par-

ticipant completed a foot exam, a final

scan with the study device, and a brief

usability questionnaire.

All participants received standardmed-

ical and preventative diabetic foot care at

the discretion of the managing physician,

including appropriate footwear, instruc-

tions to continue daily foot inspections,

and instructions to contact their clinician

and principal investigator upon discover-

ing any lesion. Participants developing

DFU were not withdrawn from the study,

allowing treatment of multiple DFU to a

single participant as independent events.

Participants developing a plantar DFU

during participation were instructed to

discontinue use of the study device for

the duration of the episode. If the DFU

healed during participation in the study,

he or she was subsequently encouraged

to resume using the study device.

All scans collected were timestamped,

allowing for an assessment of which

days a scan was successfully completed

by each participant. For purposes of de-

termining longitudinal adherence, we

treated multiple scans collected from a

participant in a given day as a single use,

and we excluded days during which a pa-

tient had a contraindication to using the

mat (e.g., for open plantar wound).

Participants were contacted by a study

coordinator after 4 consecutive days of

not using the mat. A maximum of eight

calls were made to any given participant

during the study. Participantswhodid not

use the mat for .28 consecutive days

were deemed lost to follow-up. Adher-

ence was evaluated using both a per-

protocol and an intention-to-treat (ITT)

approach. The former characterized ad-

herence for each subject until either the

day participation concluded or the partic-

ipant became lost to follow-up. The ITT

analysis characterized adherence data

across the entire study regardless of

whether or not a participant became

lost to follow-up. If a participant with-

drew consent prior to study completion,

we included all data collected from the

participant from enrollment through the

day consent was withdrawn.
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Study Device

The study device is an in-home telemedi-

cine system designed to enable remote

temperature asymmetry monitoring and

analysis (Remote Temperature Monitor-

ing System; Podimetrics, Inc., Somerville,

MA). The system includes a daily-use,

wireless floor mat with an array of

temperature sensors under a water-resis-

tant cover called the Podimetrics Mat

(Fig. 1). It is designed to be used without

configuration or setup by the patient. It

has a low profile with tapered edges

to prevent tripping, a large footprint

(;30 by 43 cm) to allow a comfort-

able stance while in use, and a con-

formable foam base to allow intimate

contact between the bottoms of the

feet and the sensors. It is designed to

accommodate the foot length, stance

width, and weight of.99% of the Amer-

ican population.

The device remains in standby until the

patient is ready to start a scan, which is

accomplished by stepping on the mat

and remaining stationary for ;20 s. Dur-

ing this time, the device records a tem-

perature scan, or thermogram, of the feet

from data from ;2,000 thermistor sen-

sors. The thermogram has an accuracy of

60.6°C (61°F) and a precision of 0.1°C,

and the device is accurate over a temper-

ature range of 15 to 40°C. After notifying

the patient that the scan is complete, the

mat transmits the scan data wirelessly

and securely to Health Insurance Porta-

bility and Accountability Act of 1996–

compliant servers managed by the

manufacturer. The data are saved and

processed, and the foot temperature

asymmetry is automatically calculated

based on the thermogram.

The study device is legally marketed in

the U.S. as a class I medical device

(product code OIZ Daily Assist Device;

510[k] designation K150557) and has

been cleared by the U.S. Food and

Drug Administration for its intended

use of “periodic evaluation of the tem-

perature over the soles of the feet for

signs of inflammation.”

Analysis Plan

Wecompared two subcohorts: thosewho

developed at least one DFU during the

study and those who remained ulcer-

free throughout participation. To make

between-group comparisons over contin-

uous variables, we used the independent

t test with Welch correction for unequal

population variances. For comparisons of

proportions between groups, we used

the Fisher exact test to evaluate indepen-

dence. For all comparisons, we set a =

0.05 as the threshold for significance.

Given these direct comparisons, we

completed a multiple logistic regression

including all variables that were signifi-

cant at the a = 0.05 level to minimize

the influence of multicollinearity, which

we anticipated to be relevant among sev-

eral covariate subsets.

Effect sizes for continuous variables

were reported using Cohen’s d statistic,

and ORs were used for proportion effect

sizes. These were categorized as “small,”

“medium,” and “large” per the conven-

tions of Cohen (22,23). Specifically, for

comparison of continuous variables,

Cohen’s d values of 0.2, 0.5, and 0.8

were considered small, medium, and

large effect sizes, respectively. For com-

parison of proportions, ORs of 1.45, 2.5,

and 4.3 were considered small, medium,

and large effect sizes, respectively.

To evaluate classification accuracy, we

constructed a receiver operator charac-

teristic (ROC) curve that defined the sen-

sitivity and specificity of the prediction

as a function of temperature asymmetry

threshold. False-positive and false-negative

rates were calculated over 2-month sam-

ples of participant data. Reporting these

statistics over a 2-month interval allows

for a more clinically meaningful and

consistent interpretation of the results

commensurate with a hypothesized

duration between office visits for a high-

risk patient. Another benefit of this

approach is that it implicitly weights the

outcomes for each participant by the

quantity of data collected for that partic-

ipant, naturally handling participants with

censored data because of developing a

clinical contraindication. This approach

also allows for unambiguous treatment

of participants who suffered multiple

DFU events during the study, whereas

the more traditional approach of aggre-

gating data on a per-participant basis

would underreport the potential impact

of the study device for those patients at

highest risk. Finally, using 2-month inter-

vals for reporting better ensures causality

between the thermometric signal mea-

sured and the development of any sub-

sequent DFU given the long duration of

follow-up.

For the purposes of the ROC analysis,

we considered true-positive cases those

in which a given temperature asymmetry

threshold was exceeded in any two con-

secutive scans prior to the participant

developing a DFU in the same 2-month

interval. False-positive cases were those

in which a given threshold was exceeded

but the participant did not develop a sub-

sequent DFU during the 2 months. Ran-

dom2-month intervals of participant data

were sampled to assess the false-positive

and true-positive rates. We obtained

each 2-month interval by randomly

selecting a participant and then randomly

selecting a start date from which to

index a 2-month interval within period

of participation. Given the large number

of potential 2-month intervals, we

conducted a sensitivity study to deter-

mine how many samples were neces-

sary to estimate the false-positive and
Figure 1—The study device was an in-home, wireless, thermometric mat designed for remote

temperature monitoring of patients at risk for inflammatory foot diseases.
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true-positive rates with confidence. We

increased the number of samples until

the ROC area under the curve converged

to two significant digits. Convergencewas

initially achieved at 10,000 samples.

To justify pooling data across the seven

sites, we compared the observed DFU in-

cidence (on both a per-patient-year and a

per-patient basis) among all site-to-site

permutations. We also compared site-by-

site incidence against the pooled estimate.

None of the comparisons yielded statisti-

cally significant differences in incidence at

a = 0.05. From this, we concluded any

center heterogeneity was negligible.

RESULTS

Table 1 summarizes the demographic

characteristics of the cohort across the

seven enrolling sites with evaluable par-

ticipants (N = 129). Although 132 partici-

pants were enrolled, 3 participants from

an eighth site were subsequently re-

moved from the study because it was

closed early for unevaluable data. A total

of 37 participants (28.7%) presented with

53 DFU (0.62 DFU/participant/year) dur-

ing the study.

Device Accuracy

Two subcohorts were compared in this

high-risk population: those who devel-

oped at least one new or recurrent DFU

during the study and those who did not.

Interestingly, none of the demographics

or characteristics were found to be a sta-

tistically significant predictor of the devel-

opment of DFU in this cohort, although

participant weight, BMI, and insulin use

were found to be correlated with DFU

occurrence at nearly significant levels.

Furthermore, we found all effect sizes

for participant demographics to be small.

The largest of thesewereweight (Cohen’s

d = 0.37; 95% CI 0.02–0.75; P = 0.06), in-

sulin dependence (OR 2.2; 95% CI 1.04–

5.0; P = 0.07), and BMI (Cohen’s d = 0.32;

95% CI 0.07–0.70; P = 0.09).

In contrast to these results, the maxi-

mum temperature asymmetry of scans in

the 2 months preceding clinical presenta-

tion of a DFU was strongly differentiated

from the maximum asymmetry of scans

from randomly sampled 2-month inter-

vals from participants who did not de-

velop a DFU (Cohen’s d = 0.79; 95% CI

0.76–0.81; P , 0.01). This nearly consti-

tutes a “large” effect size.

Table 2 presents the predictive accu-

racy of the study device over a range of

temperature asymmetry thresholds that

span sensitivity and specificity ranges that

we believe may find use in clinical prac-

tice. At 2.22°C, the system correctly iden-

tified 97% of observed DFU, with an

average lead time of 37 days with a

false-positive rate of 57%. Extrapolating

over a year by assuming the true-positive

and false-positive rates are constant and

equal to those observed during the

34-week trial, we would expect;3.1 no-

tifications per participant per year. Al-

though only four discrete temperature

thresholds are presented, the values in

Table 2 can be interpolated to estimate

performance at different thresholds

among those given.

Fig. 2 compares two typical and com-

parable participants: one who did not

develop a recurrent DFU during the

Table 1—Cohort demographic characteristics and comparison of participants who

developed a new DFU during the study and those who did not

All participants

No DFU

during study

DFU

during study

Number of DFU 53 0 53

Number of participants 129 92 37

Age (years) 61.8 6 10.5 62.2 6 11.0 61.0 6 9.3

Male 86.0% (111/129) 87.0% (80/92) 83.8% (31/37)

Height (m) 1.78 6 0.1 1.77 6 0.11 1.79 6 0.08

Weight (kg) 105.9 6 23.7 103.1 6 23.9 111.7 6 22.2

BMI (kg/m2) 33.4 6 6.6 32.7 6 6.9 34.8 6 5.9

History of smoking 42.6% (52/122) 44.2% (38/86) 38.9% (14/36)

History of alcohol use 41.9% (39/93) 42.6% (29/68) 40.0% (10/25)

Performs regular exercise 35.2% (45/128) 35.2% (32/91) 35.1% (13/37)

Living conditions

Alone 35.9% (46/128) 38.0% (35/92) 30.6% (11/36)

With others 64.1% (82/128) 62.0% (57/92) 69.4% (25/36)

Ambulatory status

Active without assistance 79.1% (102/129) 78.3% (72/92) 81.1% (30/37)

Active with assistance 17.8% (23/129) 17.4% (16/92) 18.9% (7/37)

Inactive 3.1% (4/129) 4.3% (4/92) 0.0% (0/37)

Years since diabetes diagnosed 17.6 6 10.8 16.9 6 10.9 19.1 6 10.7

Insulin-dependent 60.5% (78/129) 55.4% (51/92) 73.0% (27/37)

Hemoglobin A1c
DCCT-derived (%) 8.3 6 2.0 8.2 6 2.1 8.6 6 1.8

IFCC-recommended (mmol/mol) 67 6 22 66 6 23 70 6 20

History of amputation 55.7% (59/106) 55.3% (42/76) 56.7% (17/30)

History of Charcot arthropathy 6.6% (8/122) 5.7% (5/87) 8.6% (3/35)

Months since last DFU healed 13.9 6 39.2 16.1 6 45.1 8.2 6 14.4

DFU history

History of hallux DFU 34.9% (45/129) 31.5% (29/92) 43.2% (16/37)

History of minor toe DFU 55.8% (72/129) 52.2% (48/92) 64.9% (24/37)

History of metatarsal DFU 41.9% (54/129) 40.2% (37/92) 45.9% (17/37)

History of midfoot or heel DFU 4.7% (6/129) 3.3% (3/92) 8.1% (3/37)

Vascular status

Left ankle-brachial index 1.14 6 0.18 1.14 6 0.16 1.17 6 0.21

Right ankle-brachial index 1.18 6 0.28 1.20 6 0.31 1.15 6 0.19

Peripheral vascular disease 9.9% (12/121) 11.5% (10/87) 5.9% (2/34)

History of vascular surgery 15.6% (20/128) 15.4% (14/91) 16.2% (6/37)

Neurological status

Detects left 10-g monofilament 17.9% (21/117) 19.8% (16/81) 13.9% (5/36)

Detects right 10-g monofilament 17.2% (20/116) 18.8% (15/80) 13.9% (5/36)

Wears therapeutic shoes 86.3% (107/124) 86.5% (77/89) 85.7% (30/35)

VHA participant 45.0% (58/129) 46.7% (43/92) 40.5% (15/37)

Study adherence (uses/week) 5.5 6 1.2 5.4 6 1.3 5.6 6 1.1

Temperature asymmetry (°C)** 3.10 6 1.57 2.81 6 1.42 3.94 6 1.68

Data are means 6 SD or percentage (n/N). DCCT, Diabetes Control and Complications Trial;
IFCC, International Federation of Clinical Chemistry; VHA, Veterans Health Administration.
**P, 0.01.
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study (subject I, left panel), and one who

did (subject II, right panel). The top row

of Fig. 2 presents the longitudinal tem-

perature asymmetries over time for both

participants. The second row presents

two thermograms from each participant

collated by caption (A, B, C, and D) to the

asymmetry timeline history.

Subject I is a 61-year-old male partici-

pant with a history of DFU at the left hal-

lux (closed 40 weeks prior to enrollment)

and the right hallux status postam-

putation (healed 42 weeks prior to en-

rollment). At no time during study

participation did he exceed any of the

temperature asymmetry thresholds in

Table 2, and the participant remained

ulcer free.

Subject II is a 59-year-old female par-

ticipant with a history of DFU at her right

hallux and right 5th metatarsal head with

no history of surgical intervention. Her

most recent DFU (right 5th metatarsal

head) healed 11 weeks prior to enroll-

ment. Temperature asymmetry exceeded

2.22°C at multiple time periods during

participation, and her right fifth meta-

tarsal head DFU subsequently re-

curred by week 10. On presentation, the

wound was evaluated to be University of

Texas Diabetic Wound Classification 1A

(superficial without ischemia or infection).

The inflammation associated with her

emergent DFU is clearly visible in Fig. 2,

panel D.

Participant Disposition and Adherence

Of the 129 participants who had evalu-

able data, 14 (10.9%) withdrew con-

sent prior to completion, 3 (2.3%)

died, and 24 (18.6%) were lost to follow-

up. The most common reasons for early

withdrawal were occurrence of a signifi-

cant adverse event not related to the de-

vice or participation in the study (3.9%),

“personal reasons” (2.3%), and poorwire-

less signal strength (1.6%). In contrast,

only one participant withdrew consent

because of difficulty using themat (0.8%).

Fig. 3 characterizes participant adher-

ence to the daily use of the device using

both an ITT and a per-protocol approach.

The top row (Fig. 3A and B) represents

adherence data from the study cohort

using an ITT approach; the bottom row

(Fig. 3C and D) represents adherence

data from the study cohort using the

per-protocol analysis. The left columns

(Fig. 3A and C) display histograms strati-

fying the participant population by

the average number of uses per week

over the entire study duration. The

right columns (Fig. 3B and D) display

Table 2—Summary of DFU prediction for four foot temperature asymmetry

thresholds

Asymmetry threshold

2.22°C 2.75°C 3.20°C 3.75°C

Sensitivity (%) 97 90 70 50

Specificity (%) 43 57 68 81

Alert frequency (per participant/year) 3.1 2.2 1.7 1.1

Alert lead time (days) 37 6 18 36 6 17 35 6 16 35 6 17

Positive predictive value (%) 16.6 19.7 20.4 23.6

Negative predictive value (%) 99.2 98.0 95.1 92.3

Data are means6 SD unless otherwise indicated.

Figure 2—Comparison of thermometric data from a participant who did not develop a new DFU during the study (left) with the data from a participant

who did (right). In the thermograms, the plantar aspect of the foot is viewed from below so that the right foot is at image left.
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the average uses per participant per

week of the study cohort over time.

Per ITT, 86% of the cohort used the

system 3 days/week or more. Mean ad-

herence over the study period was

5.0 days/week, with modest decay over

time because of participants becoming

lost to follow-up. Per protocol, the per-

centage of participants using the

system .3 days/week improves to

94.6%, with mean adherence increasing

to 5.5 days/week.

Nearly all participants (98.4%) were

able to set up and use the device at

home without assistance. When asked

how easy the study device was to use

on a scale of 1 (very hard) to 4 (easy),

51 of 58 respondents (88%) reported an

ease of use of 4. No device-related ad-

verse events were reported during the

study. Themost commonly notedadverse

event was DFU recurrence.

CONCLUSIONS

We completed a multicenter evaluation

of a novel remote temperature-monitoring

system to characterize its predictive accu-

racy and usability. Our results suggest that

plantar temperature asymmetry was

highly predictive of impending DFU. In ad-

dition, we examined different temperature

asymmetry thresholds and their impact on

prediction sensitivity and specificity, which

represents a novel and previously unchar-

acterized aspect of temperature monitor-

ing of the diabetic foot.

Using an asymmetry threshold of

2.22°C, the standard threshold used in

previous studies (15–17), the mat was

able to detect 97% of nontraumatic DFU

;5 weeks before they presented to the

participant and/or clinician. These data

are consistent with and extend the work

of previous researchers. Additionally, the

data support clinical practice guidelines

that emphasize incorporating daily ther-

mometry into standard preventative care

(15–17,19–21,24).

The proportion of participants who

developed a DFU during this investigation

is higher than previous studies with sim-

ilar enrollment criteria (15,16). However,

it is difficult to make a direct comparison

because prior studies did not characterize

the duration between when a participant

healed from their most recent DFU epi-

sode andwhen theywere enrolled. This is

known to be a significant confounder

(1,5–9). We note a median duration of

2.9 months from previous closure among

our participants, which potentially ex-

plains the high observed incidence in

part.

Despite the common impression that

in-home foot-temperature monitoring is

unrealistic for this population, daily ad-

herence was encouraging, with 86% of

the cohort averaging at least three uses

per week per an ITT analysis. Although

this is the first study to objectively exam-

ine longitudinal adherence of which we

are aware, it has been previously demon-

strated that patients with diabetes are

poorly adherent to therapeutic interven-

tions, including prescribed pressure-off-

loading strategies (25,26). The strong

adherence could be because of the auto-

mation and connectivity designed into

the study device, which enables contin-

uous surveillance of adherence and

re-engagement when necessary, and the

simplicity of the mat form factor, which is

supported by 88% of respondents report-

ing it to be “easy” to use. Despite this

success, it is important to note that losses

to follow-up were observed, suggesting

the systemmaynot beuniformly adopted

by all patients.

High adherencemay enable reductions

in DFU incidence beyond the 70% previ-

ously demonstrated (15–17). Of the three

randomized controlled trials that evalu-

ated temperature-guided avoidance ther-

apy, one paper (16) characterized the

impact of poor adherence on prevention.

They noted four of the five participants

that ulcerated in the treatment group

were nonadherent to the prescribed

monitoring regimen. It is therefore con-

ceivable that improved adherence may

result in larger reductions in incidence.

In addition, one potential benefit of the

system suggested by these data but not

yet investigated is the utility of the study

device for evaluating the effects of off-

loading interventions (e.g., new custom

shoes, which should, in theory, reduce

pressure at sites of previous ulceration).

Further, individual thresholds can be

tailored or several used concurrently to

customize both the balance between

sensitivity and the number of alerts pro-

duced as well as the resulting clinical re-

sponse. Similarly, one potential use of the

telemedicine foot mat that has yet to be

explored is categorizing various types of

temperature patterns and testing the im-

pact of different therapeutic approaches

to each. It is conceivable that different

pathologies present with different ther-

mometric phenotypes, allowing the ther-

mal data to better inform appropriate

care. Future studies should be explored

to understand this relationship and im-

pact on clinical practice.

This study has three important limita-

tions that should be considered. First, be-

cause the study was noninterventional,

we did not characterize potential reduc-

tion of DFU incidence and related costs.

The study design was chosen to charac-

terize the accuracy of the study device,

and notifying clinicians of incipient DFU

would have confounded this outcome of

interest. Because potential impact of

temperature-guided avoidance therapy

Figure 3—Participant adherence to daily use of study device using an ITT (A and B) and a per-

protocol (C and D) approach.
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is already well established, this study was

needed to address a gap in existing un-

derstanding: namely, what is the tradeoff

between sensitivity and specificity as a

function of temperature asymmetry

threshold? Future trials on this technol-

ogy should focus on measuring how the

device affects both clinical and financial

outcomes, as well as how these effects

may be optimized by adjusting system

sensitivity and specificity.

Second, it should be noted that the

conclusions drawn in this study must be

limited to the population studied (i.e.,

thosewith a prior history ofDFU). Though

all patients with diabetes are at risk for

developing DFU, future studies are

needed to clarify classification accuracy

and utility in lower-risk populations.

Lastly, we reported sensitivity and

specificity over an interval of 60 days.

This should be considered when evaluat-

ing the accuracy statistics reported. For

example, if a DFU presented 65 days after

the threshold was first exceeded, the se-

quence could potentially be counted as

both a false-positive (notification not fol-

lowed by an DFU within 60 days) and a

false-negative (DFUnot preceded by a no-

tification within 60 days), even though

the alert may have correctly identified

the physiology of the developing DFU.

Despite inclusion in several recent clin-

ical practice guidelines (19–21), routine

home monitoring of plantar tempera-

tures is infrequent in actual practice.

This is likely the result of limitations

with current foot-temperature monitor-

ing technologies, which present a num-

ber of challenges: an onerous patient

workflow, a requirement that the patient

maintain meticulous notes, and a reliance

on the patient to identify alerts and trigger

the intervention. In addition, without a

connected solution that can bemonitored

remotely, providers are unable to offer

support when adherence decreases or en-

sure that every alert will result in a suc-

cessful communication with the patient.

In this study, we evaluated a technology

that may potentially address these short-

comings, making daily home monitoring

of foot temperatures more practical.

This study was successful in its three

main goals: evaluating the effectiveness

of the mat as an early detector of plantar

DFU, determining participant adherence

to using the mat over time, and under-

standing participant perceptions of possi-

ble benefits and ease of use. Notably, the

mat detected as many as 97% of devel-

oping foot ulcers on average;5 weeks

before they presented clinically, resulting

in a modest increase in patient interac-

tions with the health care system with

3.1 notifications annually at the most

sensitive setting presented in this study.

Furthermore, strong acceptance of this

technology by the participants was sug-

gested, as 86% of the population used the

system at least 3 days a week on average

over the entire duration of the study.

Given the significant burden of DFU,

use of this mat may result in significant

reductions in morbidity, mortality, and

resource utilization.
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